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FOREWORD. 

J) , 

TiUi: first volume of tlie original edition of this "^jctionary was published in 1890 
under the editorship of Professor T. E. (later Sir Edward) Thorpe (Professor of 
Chemistry in tbe Normal School of Science and l^oyal School of Mines, South 
Kensington), who explained in the preface that the work is “ eascndalhj a Dictionary 
of Chemistry in its A f plications to the Arts and Manufactures ; hence it deals hut 
sparingly nith the purely scientific aspects of Chemistry, unless these have some direct 
and immediate hearing upon the business of the technologist.” The first edition occupied 
three volumes ; the second and third editions, in five and seven volumes respectively, 
were also edited by Sir Edward Thorpe, but the third edition was still in course of 
publication at the time of his death in 1925. Seven years after its completion this 
edition was brought up to date by the publication, in 1934-36, of two supplementary 
volumes, together with a glossary and index. These wOre jointly edited by Professor 
J. E. (later Sir Jocelyn) Thorpe (Professor of Organic Chemistry and Director of 
Organic Chemistr}’’ Laboratories, Poyal College of Science, Imperial College of 
Science and Technology, South Kensington) and Dr. ]\Iartha A. Wliiteley (Assistant 
Professor of Organic Chemistry at the same college), thus maintaining the association 
of the Dictionary with the Chemistry Staff of the Royal College of Science. 

The publication of a supplement was in itself insufficient to keep the Dictionary 
in line with the modern trend of applied chemistry, for the last one or two decades 
have shorvn clearly that pure science and technology, so tacitly distinguished in 
Sir Edward Thorpe’s original preface, cannot be divorced. This changed attitude 
is reflected in the present edition of the Dictionary, of which Volumes I to VI in- 
clusive have now been published under the above editorship. This edition is wider 
in scope than the preceding ones, and is intended to be a general work of reference 
for all who are concerned with various branches of chemistry and chemftalyindustry. 

The death of Sir Jocelyn Thorpe again made new editorial arrangements necessary. 
In order to maintain a balance .between the various branches of chemical science an 
Editorial Board has been formed, comprising Professor Sir Ian M. Heilbron (Professor 
of Organic Chemistry and Director of the Laboratories for Organic Chemistry at the 
Imperial College) (Chairman), Dr. H. J. Emeleus (Professor of Inorjpinic Chemistry 
in the University of Cambridge), Professor H. W. Melville (Professor of Chemistry in 
the University of Aberdeen), and Professor A. R. Todd (Professor of Organic 
Chemistry in the University of Cambridge). This Board will determine the general 
editorial policy in conjunction with the publishers. Dr. Whiteley continues as 
Editor, and Dr. A. J. E. Welch (Lecturer in Inorganic Chemistry at the Imperial 
College) becomes Assistant Editor. 

It is proposed to complete the current edition with seven further volumes, which 
it is hoped to publish at yearly intervals. Although the Board do not consider any 
major modification is called for in the general character of the work, they are of the 
opinion that certain changes in the scope of the articles will enhance its value. 



FOREWORD. 


Nowadays a great and growing part of applied chemistry involves a fundamental 
knowledge of physical chemistry. It is, therefore, felt desirable to increase the 
proportion of articles in this field. In the view of the Board this important addition 
can be achieved without increase in the number of volumes by the judicious selection 
of the subject matter, and the pruning of historical material. Twenty articles on 
physico-chemical subjects are included in this volume and, so far as is possible, 
other articles in tins category, supplementing those which have appeared in 
Yolumes I to V, will be included in later volumes under modified titles. 

Each subsequent volume will contain an index. An index of the first six volumes 
is included in the present volume : this has been prepared by Dr, .1. N. Groldsmith, 
to whom thanks are due also for valuable assistance in proof-reading. 

The editorial work of the Dictionary continues to be cairied on in Cambridge, 
and grateful acknowledgment is made to the 3Ianagcment Committee of the 
University Chemical Laboratorj' for the accommodation and library facilities 
afforded for this purpose. 


Gambridge, 

February, 1943. 


31. A. WHITELEY. 
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GLAUBER I TE (v. Vol, IT, 233c). 

GLAUCANIC ACID (v. Vo). V, 66&), 

• GLAUCIC ACID (y. Vol. V, 56^;). 

GLAUC I N E, CjiHojO^N, occurs in several 
plants of the Papavcrncoo and Fumariacere 
families. It vas first isolated from Glancium 
lufentn by Probst (Annalen, 18.39, 31, 241) and 
from the same plant along with prof opine by 
R. Fischer ^Arch. Pharm. 1901, 239, 42G). 
Sineo then glaiicine has been isolated from 
Corydalis lnherosa (Gadamcr, ibid. 1911, 249, 
224), Diccntra eximia, D. formosa and D. 
oregava (Mnn.skc, Canad. J. Res. 1933, 8, 592; 
1934, 10. 621, 705 ; 1937, 15, B, 274). Ordinarj' 
glaiicino is dextrorotatory ; Go (J. Pliarm. Soc. 
Japan, 1930, 50, 122 or Chcm. Zcntr. 1931, I, 
791) claims to have obtained l-glaiicinc from a 
Korean corydalis. 

Exlraclion of glaucine from Olattcium hdcum, 
see Barger and Silhcrschmidt, J.C.vS. 1928, 2923. 
The base was first prepared in a pure state and 
characterised by R. Fischer (i.c.). It crystallises 
in colourless rhombic prisms or bundles of 
needles, m.p. 119-120'’, [a]o+113'’ (in EtOH). 
The base is soluble in the usual organic solvents, 
as a non-phenolie aporphino base (for definition, 
see Gadamer et at, Arch. Pharm. 192.5, 263, 81) ; 
it is also soluble in light petroleum. The salts 
are crystalline, although the}'- may precipitate as 
jellies (especially the hj'drochloride). Apart from 
its natural source, glaucine ha's' been obtained 
from lauroletaninc, [^-methyllaurole(anine,boldine 
and glaucenlrine by methylation (Barger' and 
Silberschmidt, l.c. ; Spath and Strauhal, Bor. 
1928, 61 [B], 2398 ; Spilth and Suominen, ibid. 
1933, 66 [B], 1344 ; Warnat, ibid. 1925, 58 [B], 
2768 ; ibid. 1926, 59 [BJ, 85). 

Glaucine has been synthesised by Gadamcr 
(Arch. Pharm, 1911, 249, 680) by treating a 
diazotised solution of aminolaudanosine (I) with 
copper powder, when phenanthreno-N-methyl- 
tetrahydropapaverine (IT), identical with d(-glau- 
cine, was formed (see also Pschorr, Ber. 1904, 
37, 1926) •• 


CHg NMe 


CH 




Like all racemic aporphinc bases, J/-gIaucinc can 
easily bo resolved into the optically active com- 
pounds by means of the d- and 1-tartaric acids. 

Glaucidine, m.p. 238-239° (decomp, starting 
at 209-210°) has been isolated from Papaver 
orienlalc (Klee, Arch. Pharm, 1914, 252, 274) ; it 
is believed to be closely related to glaucine. 

Glaucenlrine, CjyHjjN (OH)(OMe) 3 , m.p, 
148° has been isolated from Dicentra ezimia 
(Manske, Canad. J. Res. 1938, 16, 81). By 
methylation wth diazoracthano glancino is ob- 
tained. Glaucine is said to induce narcosis ac- 
companied by some tetanising action. 

Schl. 

GLAUCOBILIN (r. Vol, I, 691c). 

GLAUCONIC ACID (a. Vol. V, 566). 

GLAUCONITE. (Glauconie, Fr.; Glaii- 
konit, Ger.) Hydrated silicate of iron, potas- 
sium, etc., of variable composition, found as 
small rounded grains in sedimentary rocks. It 
was named in 1828, from yAauKoy, bluisli-gi-een, 
on account of its characteristic colour, whieb'is 
of various "shades of dark green. The typical 
occurrence of the mineral is the Greensand 
formation (below the Chalk) of the Cretaceous 
system, but it is also met with in sands, sand- 
stones, marls and limestones of all ages from 
the Cambrian, and is forming at the present 
day on the floor of the ocean. The granules 
measure about J to 1 mm. in diameter. Under 
the microscope they show a clear green or 
yellowish-green, slightly pleochroic and birc- 
fringent material embedded in a network of 
black, optically isotropic, organic matter) the 
latter having the composition of humic acid. 
The mineral is decomposed by hot concentrated 
hydrochloric acid, and before the blo-wpipe it is 
fusible with difficulty to a black magnetic slag. 

Analysis I is of grains isolated from a cal- 
careous sandstone in the Upper Greensand at 
Woodbum, Carrickfergus, Co. Antrim (A. P, 
Hoskins, Geol. Mag. 1895). II, from the Cam- 
bridge Greensand (G. D. Liveing, Geol. Mag. 
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1866), III gives the extreme values shown in 
ten analyses of glauconite grains isolated from 
Eocene, Cretaceous, and Jurassic sandstones 
and from Lower Silurian hihestone from various 
Russian localities ; sp.gr, 2'40-2'87, varying 
like tlie colour — yeUowish-green and dark green 
— with the percentage of iron (K. D. Glinka, 
1896). IV, grains forming 83% of a sandy 
deposit dredged at a depth of 556 fathoms from 
the Pacific off Panama (W. A. Caspari, Proc. 
Roy. Soc. Edin. 1910, 30, 364). V, similar 
material dredged at 110 fathoms from the Agul- 
has Bank, South Africa (W. A. Caspari, he.). 
Numerous analyses of glauconite are quoted by 
C. K. Leith, Monographs, U.S. Geol. Survey, 
1903, 53, 240. Analyses of Swedish glauconites, 
by N. Sahlbom, Bull. Geol. Inst. Univ. Upsala, 
1916, 15, 211 ; A. Hadding, Lunds Univ. 
Arsskrift, 1932, 28,. No. 2, 



I. 

II. 

I 

Min. 

n. 

Max. 

IV. 

V. 

Si 02 . . 

40-00 

51-09 

41-02 

52-96 

49-12 

51-15 

AI 2 O 3 . 

13-00 

9-00 

5-84 

22-19 

7-09 

7-61 

FeiOa . 

16-81 

— 

8-17 

23-43 

25-95 

18-83 

FeO . . 

10-17 

19-54 

1-32 

5-95 

0-89 

2-78 

MgO 

1-97 

3-37 

0-69 

4-11 

3-10 

4-54 

CaO . . 

1-97 

0-30 

— 

8-37 

— 



Na20 . 

2-16 

3-56 

0-30 

0-98 

— 

— 

KjO , , 

8-21 

2-47 

5-74 

9-W 

7-02 

7-80 

HjO . . 

6-19 

10-80 

4-45 

7-88 

7-12 

7-56 


100-48 

100-13 

— 

— 

100-29 

100-27 


The chemical composition has been discussed 
and a variety of formulae deduced by A. E. 
HaUimond, Min. Mag. 1922, 19, 330; C. S. 
Ross, Proc. U.S, Nat, Mus. 1926, 69, art. 2; 
H. Schneider, J. Geol. 1928, 13, 589 ; A. Had- 
ding, he, ; J. W. Gruner, Amer. Min. 1936, 
20, 699 ; K, SmuHkowski, Arch. Min. Soc. Sci. 
Varsovie, 1936, 12, 145. Closely alMed to 
glauconite are the minerals celadonite (green- 
earth) and greenalite (this vol., p. 135d). 

The Greensand of England, consisting mainly 
of sandy beds with quartz grains intermixed 
with glauconite, is developed in the Wealden 
area, the Isle of Wight, and extends from Berk- 
shire and Oxfordshire to Norfolk and Lincoln- 
shire. Some of the limonitic iron-ores of these 
districts may possibly, like those of''the Lake 
Superior region, have been derived by the 
alteration of glauconite. The same formation 
has also a wide distribution .on the Continent. 
In America, greensand and glauconitic marls of 
Cretaceous and Tertiary age are developed in 
New Jersey, Virginia, Kentucky and Tennessee. 
Tlie glauconite marls of New, Jersey contain 
KgO L54-7-08% mth RgOg 0-19-6-87%, and 
have been extensively used in the raw state as 
an agricultural dressing (a. Ann. Rep, State 
Geologist New Jersey, 1886, 1892, 1893). Those 
from Virginia have been used in the preparation 
of commercial fertilisers. Attempts have been 
made to extract potash from greensands (U.S. 
Geol. Survey, IMin. Res. for 1911, 1912, ii, 901), 
The frequent association of phosphatic nodules 
with glauconite deposits has some bearing on the 
origin of glauconite. The terrigenous deposits 
of green mud and sand formed on the floor of 


the ocean at depths of about 200 to 1000 
fathoms, and found by the “ Challenger ” Ex- 
pedition to be of wide distribution, particularly 
off continental coast lines composed of igneous 
rocks, contain this mineral in considerable 
amount. The potash set free by the weathering 
of the felspars and micas of these rocks and 
carried into the sea is conserved by the forma- 
tion of glauconite, but apparently only through 
organic agencies, which at the same time give 
origin to the phosphatic nodules. Grains of 
glauconite are frequently found fifling the 
chambers of foraminifera and other organisms ; 
and in the artificial production of the mineral 
the presence of an organic acid seems to be 
essential (W, A. Caspari, Z.c.). E. W, GalUher 
(Bull. Geol, Soa, Amer. 1936, 46, 1351) gives 
analyses showing the gradual alteration of 
biotite to glauconite in Monterey Bay, Cali- 
fornia, and suggests that the alteration is due 
to sulphur bacteria in the black mud and alkaline 
sea-water. 

L. J. S. 

GLAZES AND FRITS. In the ceramic 
industry the term “ glaze ” is intended to con- 
vey a vitreous coating fixed by heat on the 
under]3dng pottery body. 

Pottery bodies cover a very wide range of 
articles made from clay, which when fired give 
a hard mass, but, except in the .case of clays 
which of themselves give, when fired, a perfectly 
vitreous surface, remain of a porous nature and 
readily absorb moisture, and consequently are 
unsuited to domestic requirements. It becornes 
necessary, therefore, after the first fire, when the 
ware is in what is termed the “ biscuit state,” 
to affix to it a coating which, on being again 
subjected to heat, will render it impermeable 
to moisture and impart a smooth and glossy 
surface. 

The term “ glaze,” ho\\fever, while being 
understood to refer to this vitreous coating, is 
also applied to the mixture of ground materials 
used in the compounding of such glaze, and 
which mixture may be either in the form of a dry 
powder or an emulsion of these materials sus- 
pended in water. The terms used for these 
two varieties are “ dry glaze ” and “ slop glaze,” 
and these are often supplied to potters by 
“ miUers ” specially equipped for their manu- 
facture. The potters thus avoid the trouble of 
making small quantities in their own works. 

Glazes broadly may be divided into' three 
classes, viz., transparent, opaque and coloured, 
but all must fulfil certain conditions, viz. ; 

(1) Must be sufficiently hard to resist abrasion. 

(2) For domestic use should be resistant to the 
action of ordinary acids. 

(3) Must be sufficiently fusible to adhere firmly 
to the body without subjecting this to any undue 
risk of warping during fire, but sufficiently in- 
fusible to prevent running off the biscuit ware 
during the firing of the glaze. 

(4) Must have approximately the same co- 
efficient of expansion as the body, to prevent the 
risk of either of the tAvo main faults of glazes, 
viz., crazing and peeling. 

(5) Must hold dissolved, without unsightly 
separations, metallic oxides that have been 
added to impart colour. 
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(G) Mtist not exert too strong a solvent action 
on the colours used in painting and decoration 
of tlic ware. 

The difliculties attending the fulfilment of 
such varied conditions therefore necessarily in- 
volve much careful stud}' and research work by 
the potter, and having regard to the many 
varieties of bodies \ised and the conditions 
appertaining to the methods of compounding 
both the body and also the glaze, and the 
methods of firing, the published recipe of any 
glaze is of verj' little practical service unless 
accompanied by an accurate description of the 
body on which it is applied, and t ho man}' other 
factors involved. Much general information 
may, however, bo obtained by a knowledge of 
the fundamental principles involved and the 
materials available to iwoduce the desired result. 

At first sight glass seems to have some of the 
required properties, but when fired on the body 
it yields a devitrified mass scarcely sintered 
togetlicr. It becomes evident then, that what 
is required is something which, while still of a 
glassy nature, needs additions of other materials 
to render it of service. Ordinary flint glass 
consists of silica, soda, lime and lead, and using 
these materials as a basis of experiraent, the 
neccssaiy additions and alterations can bo made 
to bring about the desired result. 

The composition of glazes varies within very 
■n'ide limits according to the maximum tempera- 
ture required to mature them, the duration of 
the firing and the nature of the body on which 
they are fired. The fusion point of a glaze 
depends on the nature of the ingredients used 
as well as on the relative quantities employed. 
All glazes may bo looked upon as glasses, and 
their fusing points will depend largely on the 
ratio of the basic compounds to the acidic 
content in the formation of silicates or boro- 
silicates and also on the alumina content. 

A convenient method of expressing the com- 
position is in terms of the chemical formula 
which shows at a glance the relative molecular 
proportions of the different oxides present, the 
alumina being kept separate and the silica and 
boric acid being classed as the acidic content. 

' Usually the bivalent basic oxides are collec- 
tively classed as RO, the whole being taken as 
one molecular proportion, then the alumina being 
placed as intermedia!}', followed by the acids 
(sihea and boric acid). Such method enables easy 
comparison of the large number of recipes in 
existence which themselves give little indication 
of the true properties, and also enables the potter 
to see at a glance the possibility of substituting 
other materials for those called for in the recipe 
with the assurance of maintaining the necessary 
equilibrium of the finished glaze. A simple 
example will iUustfate the application of this 
principle. 

A recipe for a glaze is given as white lead 26S, 
china clay 62 and flint 81 parts. 

Assuming aU the materials to be pure and 
having the formulEe,: 

Mol. wt. 

White lead, Pb(0H)2,2PbC03 .775 

China clay, Al203,2Si02,2H20 . 258 

Flint, SiOg 60 


a simple calculation gives the formula of the 
glaze as PbO : 0-2 ALOg, 1'75 SiOj. Such a 
glaze would mature at a relatively low tempera- 
ture, approximately 900°C. 

Generally speaking, the maturing point of a 
glaze may be said to bo governed by : 

(1) The equivalent proportion between acids 
and bases. 

(2) The proportion of alumina in relation to 
the bases and acids. 

(3) The r.atio betAveen the silica and boric 
acid. The higher the silica content of the glaze, 
the less fusible it becomes, therefore the modifi- 
cation of the ])roportion of silica in a glaze affords 
an easy means of regulating its fusibility. 

Expressed in the foregoing manner, the Avliole 
range of glazes in common use fall within the 
following limits : 

Common Pollen/. 

RO: 1-5 SiO, to RO : 3 SiOj 

Earthenware, Bone China and Stoneware. 

RO: 0-25 AloOg, 2-6 SiO, 
to RO : 0-40 AI2O3, 4-5 Sio" 

Porcelain. 

RO: 0-5 AI2O3, 6-0 SiOj 
to RO : 1-25 AUOg, 12-0 SiOo 

with firing temperatures ranging from 900- 
1,450°C. 

Glazes fall conveniently into four groups 
according to composition, viz. : 

(1) Alkaline, which are mainly silicates of the 
alkalis or of alkalis and lime. 

(2) Felspathic, consisting of silica, alumina 
and alkalis and containing a large proportion of 
felspar or fclsixathic rock. 

(3) Lead, consisting mainly of silicates and 
borosilicatcs, of alkalis and alkaline earths with 
some alumina and softened by addition of lead 
oxide and boric acid. 

(4) Enamels or opaque glazes, Avhich are usually 
of similar composition to lead glazes, but 
rendered opaque by the addition of opacifying 
agents such as tin oxide, arsenious oxide, 
zirconia, etc. 

Alkaline Glazes. — The simplest exanjiple of 
the first type of glaze, i.e. the allcaUne, is the 
Avcll-known salt glaze used extensively on stone- 
ware, but also formerly applied to earthemvare 
which, AA'hen fired, is essentially an alkali- 
alumina siheate. It is produced in practice by 
the introduction of common salt into the kiln 
Avhen the ware is near its vitrifying point. The 
vapour of the salt accompanied by steam de- 
composes the salt into sodium oxide and hydro- 
chloric acid, the former entering into combina- 
tion with the silica, alumina and basic com- 
pounds of the clay to form a sodium alumina 
glass very rich in silica. A very good salt glaze, 
after firing, approximates to the formula : 

RO : 0-5 AI2O3, 4-0 to 8-0 Si02 

As the salt gives only the one constituent, viz. : 
Na20 to the RO content, it is evident that the 
remainder of the formula must be taken up 
from the body. 

It is also. essential that the body shall possess 
the alumina and silica in such a ratio as to give 
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the most stable glaze. The body also must con- 
tain sufficient fluxing material to become vitreous 
at a reasonable beat, for if the body be still 
porous when the alkali fumes are introduced in 
the kiln, these wfll be absorbed by the clayvvare 
without glazing the surface. 

■ Much research work has been done with a 
view to flnding the best relations betweeri the 
constitution of a clay and its abflity to form a 
good salt glaze. L. E. Barringer (Trans. Amer, 
Ceram. Soc. 1902, 4, 211) proves that, contrary 
to some expressed opinions, it is essential that 
the clay shall have a certain alumina-siflca ratio 
to be capable of giving a good salt glaze. He 
gives the analysis of the clay used, and also of 
the glaze, taken from flred specimens of what is 
known as a first class salt-glaze product. 


Clay anab'sis- 


SiOg 

. . . 63-11 

AlgOg . . . '. 

. . . 23-30 

FOgOg .... 

. . . 2-235 

CaO .... 

. . . 0-725 

MgO .... 

. . . 0-970 

NagO . . 

. . . 0-490 

KgO .... 

. . . 0-930 

S 03 

. . . 0-240 

HgO . . . . 

. . . 7-810 


99-810 


corresponding to the formula : 

0-056 CaO 'I 

0-105 MgO 1 1-00 AljOg 


0-034 NagO (0-06 Fe. 
0-042 KgO J 


03*1 

O3/ 


4-605 SiO< 


-1-95 


HgO 


and the glaze gave 
SiOg . . 

AlgOg . . 

- 

CaO . . 

MgO . . 

NagO . . 

KgO . . 

55-475 

21-340 

2-640 

3-500 

0-040 

17-210 

0-080 


100-285 

corresponding to the formula : 

0-812 NagO'i 
0-002 KgO 
0-182 CaO 
0-002 MgO J 

1 0-612 AlgOg-l 

0-048 FBgOg/^-^^SiO 

RO=0-998 



It will be noticed that for the clay, AlgOg is 
taken as unity, while in the glaze the STim of 
the bases RO is taken as unity, following the 
practice usually adopted in ceramic calcula, 
tions. This particular clay is thus seen to have 
an AlgOg : SiOg ratio of 1 : 4 - 6 . 

From further experiments recorded in the 
same work the author still got a good salt glaze, 
by the addition of free silica to the original clay- 
up to the ratio AlgOgto SiOglrlO. 


KneU (Tonind-Ztg. 1896, 20, 495) assumed 
that the salt vapour attacked a double sflicate 
of aluminium and iron in the body ; the sodium 
of the salt displaced the iron of the double 
silicate ,- and the salt glaze remained behind as 
a double silicate of aluminium and sodium. The 
iron was supposed to be liberated as ferric 
chloride which, in contact vrith water vapour 
in the oven, was transformed into ferric oxide 
and hydrogen chloride. He gives the reactions 
occurring as : 

(AIFe) 203 -l-Si 02 -i- 6 NaCI 

=( A1 N ag)203“l- Si Oo“{- F BoOL 
F BgC 1 e-{- 3 H gO = F BgOg-f 6 H C 1 

But this view meets with little approval, as the 
quantity of iron present in the clay body ex- 
posed to the action of the salt fumes is too 
small to account for the amount of glaze formed. 

It is quite evident, however, that the salt 
vapom-, in attacking the silica and alumina of 
the body, will have its effect on the iron 
content of the clay according to the amount of 
iron present, and also to the nature of the Are 
just prior to salting, as in the event of this 
being “ reducing,” the iron wxll be reduced to 
the ferrous state and give to the flnished glaze 
a much darker colour than if an oxidising atmo- 
sphere had been maintained throughout the 
ffi-ing and glazing. While salt glaze is mainly 
used in the stoneware industry, it is interesting 
to note that in the early eighteenth century 
much fine earthenware of a good white colour 
was glazed by this process, but it was entirely 
abandoned with the advent of lead glazes. 

The ehief advantage of salt glaze is its high 
resistance to the action of acids and this property 
has led to its extensive use in the manufacture 
of articles for the chemical industry. 

In applying the salt glaze the w-are is placed 
in the kiln with the surfaces to be glazed ex- 
posed to the kiln atmosphere. When the tem- 
perature corresponding to the vitrifying stage 
of the clay ware is reached and a clear fire main- 
tained, a quantity of salt is thrown in the fire- 
holes ; this decomposes in the kiln with a 
lowering of the temperature inside the kfin of 
about 100°C. The fires are then fed to restore the 
temperature to the desired level and a further 
batch of salt introduced ; the same procedure 
may be repeated three or four times according to 
the quantity of salt used in each application and 
the composition of the body. After the last salt 
application, the reheating is repeated until the 
maximum temperatm-e is reached, approxi- 
mately 1,250°C., when the kfin is allowed to cool. 

It has been suggested (Everhart, J. Amer. 
Ceram. Soc. 1930, 13, 401) that the salt, instead 
of being apphed by the foregoing method, -can 
be utilised as a glaze when* embodied in a slip 
and dipped on the ware in the usual way. A 
clay slip made &om the same material as the 
body offers the ideal medium for introducing 
the salt. A mixture of 75 clay to 25 salt ground 
together and applied either .by dipping or spray- 
ing and fired to about 1,150°C. gives a nice 
smooth surface. This method does not seem 
to have passed the experimental stage, but the 
results so far obtained are quite satisfactory. 
Coloured sfips may also be used -with good effect. 
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Felspathic Glazes. — ^This t 3 'pc covers the 
range usually termed Bristol Glazes which are 
of a felspathic type and maturing at a high 
temperature, 1,250- 1,300°C. They are of two 
varieties — transparent and opaque — and mainly 
used on stoneware and glazed bricks. In this 
type a representative formula for a transparent 
glaze would be : (N. D. Wood, Trans. Ceram. 
Soc. 193.5, 34, 279) 

•0-18 K^O'l 

0-38 CaO }■ 0-21 AloOj, 1-95 SiO, 

0-44 ZnOj 

the raw materials usuall}’ adopted being felspar, 
whiting, zinc oxide, china claj' and flint, whereas 
the opaque varietj' is produced bj' var^dng the 
proportions of the same raw materials and 
adding an opacifying agent such ns tin oxide, 
zirconia, arsenious oxide, bone ash, etc. Such 
glazes approximate to the formula: 

0-50 K„0') 

040 ZnO V 0-50 ALO 3 , 3-50 SiOa 

OlOCaOj 


These glazes possc.ss the advantage of cheap- 
ness, no fritting being required, but they do not 
give a ver^’’ brilliant surface, so that for the better 
classes of stoneware (domestic and art ware) a 
fritted leadless-glaze is usually adojjtcd with the 
approximate formula as follows : 


Frit 

0-14 K„0 •) 
0-10 NajO { 
0-09 CaO ( 
0-07 ZnO J 


f2-Gl SiO, 

0 41 AUO, ^0-13 B.OU 
- “ lo-OOG Sn6„ 


Glaze containing 3% of above frit 
0-157 K,0 x 

0-090 NajO f4-025 SiO, 

0-537 CaO > 0-567 AljOg -^0-037 BjOg 
0-133 BaO 1.0-053 SnO, 

0-082 ZnO 


A felspathic glaze, as used in the production of 
hard porcelain, both Continental and English, 
with which the body is first fired at a low tempera- 
ture, about 800°C., and then glazed and fired at 
a very high temperature (1,450-1, 650°C.), would 
approximate to the formula : 

0-38 C&} 1-33 AI 3 O 3 , 15-60 SiOg 

The third group of glazes comprises those con- 
sisting mainly of silicates and boro-silicates with 
some alumina and softened by the addition of 
lead oxide; such include all ordinary English 
earthenware transparent glaze and also most 
of the English porcelains. 

The best glazes in this group approximate to 
the formula : 


0-30 KNaO 
0-40 CaO 
0-30 PbO 


0-25 AlgOal^; 


2-50-3-00 SiOg 
40 BgOg 


and give a good clear transparent glaze when 
fired to about 1,150°C. 


Thes(? glazes are usually compounded from a 
frit consisting of borax, whiting, flint, felspar 
and china cla}’, to wliich is added on grinding 
white lend, felspar or Cornish stone, china clay 
and flint. 

A typical example of such a glaze is : 


Frit 

Borax 37-7 

miting 18-8 

Cornish stone 18-8 

Flint 18-8 ■ 

Clunn clay 5-6 


99-7 


Glaze 

Frit 36-8 


Cornish stone 31-8 

Flint 10-2 

While lead 21-2 

100-0 


giving formukc : 


Frit ' 


0-370 KNaO\ 
0-630 CaO / 


0-175 AI 2 O 3 


1-90 SiO„ 
p-64 BjO'a 


Glaze 

0-30 KNaO"] 
0-40 CaO y 
0-30 PbO J 


0-30 A1„0, 


{ 


3-10 SiOg 
0-36 BgOj 


Fritting. — The limitations of raw glazes 
arc so great by reason of the small number 
of materials available that in order to wden the 
field it is essential to resort to the process of 
fritting which accomplishes three objects : 

(1) Makes a soluble substance insoluble. 

( 2 ) Drives out volatile and useless substances 
in the original materials which otheruiso would 
have to be done when the glaze is on the surface 
of the ware. 

(3) Enables small amounts of colouring oxides 
to be introduced into a glaze which if brought 
in as the raw oxides would not bo disseminated 
evenly in the whole mass of glaze. 

Certain rules should bo observed in fritting : 

(1) The ratio between acids and bases in the 
frit should bo within the range of easy fusion, 
i.e. the acid molecules should not fall below 
the base molecules nor exceed them three times. 
The low limit is oxempbfied by the formula ; 


0-3 NagO ] 
0-3 KgO y 
0-4 CaO J 


O-I AI 2 O 3 


0-7 SiOg 
.0-3 BgOg 


and the high limit by : 


0-3 NagOl 
0-3 KgO y 
0-4 CaO J 


0-1 AlgOg 


2-46 SiOg 

.0-6 BgOg 


(2) The two substances most commonly 
requiring fritting are the alkahs, nearly all salts 
of which are soluble, and boric acid which is 
itself soluble and also forms some soluble salts. 
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The alkalis are remarkable in that thby form 
soluble silicates ; therefore it is not enough to 
fuse a soluble alkali compound Avith silica, as this 
would not produce an insoluble silicate. For 
instance, K20:2Si02 when fritted is. soluble, 
but 0-.5K2O:0-oCaO:2-0SiO2 is insoluble. A 
base which forms an insoluble silicate, e.g. lime, 
lead, zinc, alumina, etc., may reduce or inbibit 
the solubibty of the alkabne silicates. Boric 
acid also requires crossing to make its products 
safe for use. A common practice years ago among 
some potters was to frit boric acid and flint 
together Avithout any basic matter. Such a frit, 
hoAA^ever, is not insoluble. 

A good rule to follow is to use at least two 
bases other than the alkalis, one of which shall 
be AI2O3 if the glaze formula alloAvs of this. 

(3) The ratio between the alkahs and boric 
acid in the frit formula should be the same as 
in the completed glaze, otherwise some other 
source of alkah or BgOg AviU need to be intro- 
duced in the glaze, and to avoid this is the 
object of fritting. 

(4) The ratio between the alkahs and the 
other elements of the frit must not faU below 
that existing in the glaze for the same reason as 
in (3). It may exceed this ratio, as additions 
of the insoluble bases are readily made in the 
glaze. 

Preparation of Frit . — ^Any extra time spent on 
the preparation of and the thorough mixing of 
the ingredients of the frit is a very distinct 
adA'antage as usuaUy the materials are purchased 
ready ground, and only need mixing in the 
desired proportions. The practice of mixing 
in a box by means of shovehing cannot be too 
strongly condemned. The method is inefficient 
and raises an injurious dust. A simple means 
of effecting efficient mixing is by means of a 
cyhnder AA'ith paddle instead of pebbles, or a 
wooden barrel, preferably Avith an eccentric 
motion. A Avell-mixed frit should be readily 
fusible, and time is saved. 

Frit Kiln . — The kiln in general use is of the 
tj’pe of the ordinary horizontal reverberatory 
furnace. The hearth of the furnace is composed 
of fireclay blocks and slopes io a central hole at 
the side. The fire gases coming from the grate 
pass oA’er a firebridge, and thence over the 
hearth on which the charge has been fiUed 
through an opening in the top, and then passes 
on over another bridge at the end to the chimney. 

The exit from the kiln is sealed Avith a fire- 
cla}’^ block or a lump of china clay, and Avhen 
the fused mass is readj’^ for running off, this is 
AA-ithdraAvn and the frit allowed to run into a 
tank of Avater placed underneath the opening. 
The AA'ater is then drained off and the frit taken 
to store ready to be ground with the other 
constituents of the glaze. 

Where only small quantities of frit are re- 
quired, such as frits for coloured glazes, the 
fusion maj' be convenientlA’- carried out in a 
crucible furnace, many tj’pes of Avhich are 
capable of being used either intermittently or 
continAiously, the crucible being emptied into 
AA'ater as the frit is fused. Another method of 
making a small batch is by firing the crucible in 
the ordinary oA'cn at the required temperature, 
hut in this case the frit naturally sets to a hard 


mass on the cooling of the oven, and is more 
difficult to break up for grinding. 

In the typical glaze mentioned in the third 
group the lead is introduced in a raw state, viz., 
as wffite lead. 

Some 40 years ago the Government appointed 
a commission to inquire into the prevalence of 
lead poisoning in the Potteries with a view to 
doing away Arith the use of lead in the glazes 
used. It quickly became recognised that it 
would be impossible to prohibit the use of lead 
compoimds altogether, but suggestions for 
minimising the risks took the form of fritting the 
lead Avith other constituents of the glaze to 
render it insoluble in the gastric juices of the 
workers, and eventually the following restrictions 
were laid doATn as Special Rules by the Govern- 
ment (“ Home Office Circular, December 14th, 
1889) : 

“ No glaze into the composition of which lead 
or a compound of lead, other than galena, enters,' 
shall be regarded as satisfying the requirement 
as to insolubility which yields to a dilute solution 
of hydrochloric acid more than 4% of dry weight 
of -a soluble lead compound calculated as lead 
monoxide when determined in the foUoAving 
manner : ‘ A weighed quantity of dried material 
is to be continuously shaken for one hour, at 
the common temperature, Arith 1,000 times its 
weight of an aqueous solution of hydrochloric 
acid containing 0-25 of HCI. This solution is 
thereafter to be allowed to stand for one hour, 
and to be passed through a filter. The lead salt 
in an aliquot portion of the clear filtrate is then 
to be precipitated and weighed as lead sul- 
phate,’ ” 

The general results of the apphcation of these 
regulations to the pottery industry during the 
last 30 or 40 years has been the practical elimina- 
tion of the grave risk of plumbism amongst 
the operatives. 

While the general rule laid doAvm seemed to 
be simple, many factors in the method of pre- 
paring the lead frits exert their influence on the 
final solubility of the product. 

T. E. Thorpe in his evidence to the Lead Com- 
mission stated that “ the insolubility of the 
lead depends not upon any one oxide or group 
of oxides Arith Avhich it may be associated, but 
upon the maintenance of a certain ratio betAveen 
the whole of the basic oxides on the one hand 
and the whole of the acidic oxides on the other ; 
the acidic oxides in this case being silica and 
boric oxide.” Thorpe therefore proposed an 
empirical rule which gives a very fair indication 
of the “ low solubility ” of a frit or glaze. 

The rule may be stated thus : 

Sum of bases (including AI2O3) x223 
Sum of acids (including B2O3)x60~' 

where .223 is the molecular weight of PbO and 
GO the molecular weight of SiOj. 

In taking this rule as a guide for compounding 
a lead frit, however, certain factors must be 
considered wliich are likely to affect the solu- 
bility : 

(1) The proportion of B2O3 to Si02, for if 
the fornier is unduly high, the frit produced Arill 
not conform to the Government test, although 
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Thorpe’s ratio gives a figure below the calculated 
limit of solubility. 

The effect of BjOg on the solubility of a lead 
frit is illustrated ns follows, by the work of 
G. D. Horlcv (Trans. Ceram. Soc. 1935, 34, 
166): 

Frit composition 


0-3 K„0 •) 
0-3 CaO y 
0-4 PbO J 


0-2 ALOg 


r2-S SiO, 
tuBoOg “ 


boric oxide being the onl3' variable 

n .... 0 0-1 0-5 0-8 

PbO solubility 0-19 0-91 L07 5-89% 


while the effect of alumina in counteracting the 
deleterious effect of boric oxide is shoirii in the 
following tests bj' the same investigator : 

Frit composition : 


0-3 KoO I 
0-3 CaO y 
0-4 PboJ 


UAljOg 


■2-8 SiO. 

.0-8 BoOg 


where alumina is the onlj' variable 


w . . . . 0 0-05 0-15 0-30 

PbO solubilitj’^ 11-38 9-64 5-56. 5-46% 


Another suggestion to overcome the action of 
increa.sed solubilitj' is the substitution of boro- 
calcite or colemanitc (both insoluble calcium 
borates) as the soimcc of BoOg. 

(2) Another factor affecting the solubility of 
a lead frit is the fineness of grinding. W. Jack- 
son and E. M. Rich (Mem. Manchester Phil. Soc. 
1900, 45, No. 2) showed that the solubility of 
a frit varies with its degree of fineness. Their 
results obtained on clutriation in Schone’s appa- 
ratus gave : 

Gauge reading 1 5 50 100 cm. 

Solubility . . 17-5 8-7 4-0 1-5% PbO 

While then it is evident that the fineness of sub- 
division has an influence on the degree of solu- 
bility, the effect is too small to be of serious 
moment within the limits of fineness occurring 
in actual practice. 

The observations on the solubility of lead frits 
are important, but it must be remembered that 
the Government restrictions are applicable to 
the glaze as a whole and not to the lead frit 
contained in it. The amount of lead frit in a 
standard glaze rarely exceeds one-third of the 
whole, and it is quite possible that while the 
lead frit itself would not eonform to the Thorpe 
ratio, the glaze as a whole might be well within 
the limits of the Government requirements, the 
remaining two-thirds of the glaze mixture being 
composed of entirely insoluble material. 

In practice, it is usual to adopt the bisiheate 
of lead or even more complex silicates in order 
to keep the solubility as low as possible, and 
the preparation of low-solubihty glazes was con- 
siderably simplified by the introduction of lead 
silicates of a definite composition by the sup- 


pliers, the most general being the so-called bi- 
silicato of lead. 

A word of caution should, however, bo given 
to those changing from a raw lead to a fritted 
lead glaze. Tlio composition of a bisilicate of 
load (Pb0,2Si02) is appro.vimately PbO 65 
and Si 0286%, but a typical analj'sis of the 
market product shows that, while being of a 
composition tending to keep the solubility at a 
low figure, it can hardly bo considered ns a true 
bisilicatc and, unless allowance is made for the 
other ingredients introduced, the final result of 
the glaze may bo ch'sappointing. 

Annli'sis of commercial bisiheate of lead : 


SiO„ . . . 

AlgOg . . 

Fe^Og 

MgO . . . 

CnO ... 
K„0 . . . 

Na„0 . . . 

PbO . . . 

Loss on ignition 


31-60 
2-73 
0-11 
0-11 
0-04 
0-28 
0-62 
64-30 
, 0-20 


99-99 


with ajiproximnto formula : 

0-04 KNaOI 

0-01 CaO ^ 0-09 AloOg, 1-73 SiOj 
0-95 PbO J 


The change in composition from a glaze, con- 
taining raw lead compounds, to one of fritted 
lend for a good class earthenware body is in- 
dicated in the following example from actual 
experience. 

The analysis of the original glaze gave : 


SiOf> 

ai,6 

CaO 


3 


K2O . . . 

Na„0 . . . 

PbO . . . 

BjOg . . . 

Loss on ignition 


51-40 

0- 95 
6-20 

1- 90 
3-92 

17-50 

8-06 

3-90 


Approximate formula 


0-3 KNaO'l 

0-4 CaO ^ 0-25 AloOg 
0-29 PbO J 


■3-I6 SiOg 
.0-40 BgOg 


The recipe : 


Frit _ 


Olaze 


Borax . 

38-0 

Frit . . . 

37-0 

Whiting . 

19-0 

White lead 

21-0 

Cornish stone . 

19-0 

Cornish stone 

32-0 

Flint . 

19-0 

Flint . 

10-0 

China clay 

5-0 




100-0 


100-0 


Approximate formula of frit:- 


0-37 KNaOl 
0-63 CaO / 


0-175 AlgOg 


1-90 SiOg 
.0-64 BgOg 
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The Iov,--£olubilit\' glaze ’ivas made up from : 


An approximate formula is : 


Borax frit (as above) . • . 44-5 

Lead frit ^ 30-0 

Cornish stone 25'0 

FHnt 0-5 


100-0 


This change gave practically the same chemi- 
cal formula and at the same time brought the 
glaze veil vithin the Home Office requirements, 
while the appearance and durability- were not 
nffi-cted. 

Another very popular composition for a lead 
frit and largely used by potters making their 
own frits is red lead 50, Cornish stone (china 
stone) 25, flint 25 parts with approximate 
formula : 

0-082 KNaO'l 

0-008 CaO VO-178 AI0O3, 3-008 SiOg 
0-908 PbO J 


Such a frit is found in practice to be more in- 
soluble than the previously- mentioned bisilicate. 

Lead Glazes. — ^The great variety- of pottery 
bodies made from such different clays and ad- 
mixtures necessitates such a range of glazes, 
that to set a standard to suit all requirements 
would be impossible. The numerous published 
recipes, however, when calculated out to the 
suggested fornnda, can be reduced to a few main 
types which may be classified according to their 
lead’ content. 

Ikd Ware . — This is the simplest and cheapest 
ty-pc of glazed pottery formed often from natural 
clay alone, such as is used for common bricks, 
but washed before use. Such clays arc fired at 
relatively- low temperature, appro.ximately 900°C. 
The products in this grade consist of such articles 
as milk crocks, common bowls, teapots, etc. 
Tiio glaze for such bodies is of the basic type 
and is often applied on the clay ware ; it some- 
times consists solely- of a wash of litharge or 
galena, and depends on the adsorption of suffi- 
cient alumina and silica from the body- during 
firinc to form the glaze. An approximate 
fonnula of such glaze after firing is : 


\ 0-03 Fe^OgJ SiOj 


Naturally, such a ba-^ic glaze is very- liable to the 
action of acids and not to be recommended for 
u*-c on vr-.-'-cls intended for domestic jjurposes. 

A higher grade of Rod VYare is that known as 
“ Rockin-rh.-im ” which consists of better class 
red clay-s and often mixed with a proportion of 
b-il! clay- or china clay and flint, the dc'-ired tone 
of coloiir being given by the addition of ochre. 
This of lK)dy is u'-ually riven a biscuit fire 
nt ajipnixitnafr-ly 1.100’C. before Ix-ing glazed, 
alt bough at the pre-ent time t-onriderable 
qunniitie'; nre U-ing cornpl-fevd in one fire only. 
3 Ju- epi 7 c for tlii- clre^-i is u-'iially of the r.aw. 
b ad Ivjw co.-isittii.g of vbite l-r.d. t>jnn=h stone, 
fl-,y t.tnl ting, to vhich is added man- 
g.-.u--. >) di-axMe. 


‘ C. 


0I0 KNa 0} 0 -0 Al,0„ 2-0 SiO, ' 

■^vith approximately 10% MnOo added. 

Closely- allied to the Rockingham grade is the 
one Icnown as “ Jet Glaze.” This is applied to 
the same red body as used for Rockingham, but 
to give the jet-black coloured glaze, cobalt 
oxide is substituted for the manganese dioxide 
used in the Rockingham glaze. During the last 
few y-cars considerable progress has been made 
with a view to substituting glazes of a low- 
solubility nature for this grade of ware in order 
to be free from the restrictions imposed on users 
of raw-lead glazes. One such low-solubility 
glaze approximates to the formula : 


0-20 KNaO") 
0-30 CaO } 
0-50 PbO J 


0-160 AI2O3 


2-20 SiO« 
.0-30 B2O3 


with the addition of 10% MnOj and com- 
poimded from borax frit, lead frit, Cornish stone, 
china clay- and manganese dioxide. 

Another type of high-lead glaze, formerly 
extensively used, is that termed “ Majoh'ca 
Glaze.” This grade of earthenware was in great 
demand years ago in the manufacture of orna- 
mental goods such as flower pots, umbrella 
stands, pedestals, etc., the body being made’ 
from a cheap earthenware recipe, fired biscuit 
at a relatively- low temperature and covered 
witli a soft glaze often made up by the addition 
of colouring o.xides to a standard white glaze. 

A typical glaze of this type -u-ould correspond 
to the formula : 


0-25 Na„0'l 
0-25 Cab V 
0-50 PbO J 


0-20 AI2O3 


2-5 SiOg 
.0-5 B2O3 


prepared from a frit of the formula ; 


0-60 NaoD"! r2-0 SiOg 
0-50 Cab / 1.1 -0 BgOg 

-n-ith the addition of ■white lead, china clay and 
flint. The colouring agent would thcnLe added 
in the desired proportion during the grinding of 
the glaze. 

As will be seen from the formula), the fore- 
going four types of glaze are all of high lead- 
content, appro.xi mating to between 40 and 50% 
PbO, hut are used on common clay bodies of 
uncertain colour. Lead glazes are also used 
for what are termed “ white-ware bodie.s ” and 
these cover a wide range from the common 
earthenware to the highc':t chi'-s .‘-emi-porcelain 
.-ind china. 

■ Wliile the materials ii=ed in the variou.'* bodies 
arc practically the .same for all types, the pro- 
portions and qualities vary widely- ; a few typical 
examples will furni'-h a fair idea of the general 
range. 

Common KarlKrjuc'irc, formerly dr-'-iOTatc-d by- 
the term C.C. or cream colour. Here the lK)dy- 
is u“u-.ny rompo‘-'-d of the chcajK-r varieties of 
china and b-dl days s^ifh th- a-idition of Cornish 
rtone and flint. Th- clay- content is usually 
limber than in b.tt' r-cla-s uan-^, to ensure easy 
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working properties, and tbo fineness of texture, 
etc., required do not demand so mucli prepara.- 
tion of the clay body. The percentage composi- 
tion of a typical cream-colour body is ball clay 34, 
china clay 20, flint 25 and Cornish stone 16, 
but the glaze used is practically the same in 
both cases. A simple glaze largety used for this 
typo before the introduction of the low-solu- 
bility variety had the recipe, white lead 59'0, 
Corm'sh stone 31-7 and flint 9’3 parts, correspond- 
ing to the formula : 

O-lOKNaOI 

0-05 CaO V 0-20 AUO3, 2-2 SiOo 
0-85 PbO J 


but since the introduction of fritted glazes a more 
general formula has been : 


0-33 KNaO"! 
0-33 CaO ^ 
0-33 PbO J 


0-25 AfoOa 


■2-60 SiO^ 
0-33 B2O3 


A typical formula is : 


0-28 KNaO") 
0-29 CaO ^ 
0-43 PbO J 


0-24 AI2O3 


■2-70 SiOg 
p-38 B2O3 


maturing at a temperature of 970°C., com- 
pounded from borax frit, Cornish stone, china 
claj' and white lead. 

Leadless Glazes. — The restrictions on the 
use of lead have led to much research to find 
a satisfactorj’' glaze entirely free from that sub- 
stance, with the result that many lead-free glazes 
are noAs' in use ; these, Avhilo giving very good 
results, do not quite reach the brilliance obtained 
when using lead; nor is the palette of, the 
decorator so unlimited, as man}"^ colours are 
affected both in tint and brilliance by the absence 
of lead. 

One of the first such leadless glazes used some 
50 3’cars ago Avas composed of a frit as follows : 


made up from a borax frit Avith Cornish stone, 
china clay and white lead added. 

The bodies for the higher grade of earthen- 
ware and semi-porcelain and the typo formerly 
known as “ Granite ” are usually compounded 
from better class claj-s and Comisli stone ; the 
clay content is loAver and the flint and stone 
content higher, thus giving a better colour and 
increased vitreousness. A body of this type will 
approximate to. the recipe, ball claj' 30, china 
claj'’ 20, flint 33 and Cornish stone 17%, and to 
give extra Avhiteness a small proportion of cobalt 
oxide stain is added, approximately 1 in 12,000 
parts. The worldng clay is prepared AA'ith ex- 
treme care to ensure as clean a body as possible. 

.The body of china is distinguishable from 
earthenAvare by reason of its transluccncc, and 
is compotmded from calcined bone, Cornish 
stone and cliina clay with the addition of a small 
quantity of ball clay to increase plasticity, al- 
though this detracts somcAA-hat from the perfect 
colour. 

A typical bone-chma body has the folloAAung 
percentage composition : bone 4G, Cornish stone 
29, cliina clay 23 and ball clay 2, vaiying slightly 
according to quality reqiu'red. . 

The glaze usually adopted for both the better 
class earthenware and the china is noAv the low- 
solubility type composed of borax frit, lead frit 
and min mixture, being mainly Cornish stone, 
flint and china clay. 

A typical formula would be : 


Felspar 47-0 

Borax 300 

Sand 6-5 

China clay 5-5 

Nitre 6-5 


Soda ash ....... 5-5 

6% calcined borax added during grinding. 
Corresponds to formula ; 


0-42 KoO \ 
0-58 NajOJ 


0-42 AI2O3 { 


2-50 SiO„ 

0-80 BgOg 


Such a glaze Avas found to have a marked effect 
on the colours used in decoration, and OAving to 
high content of B2O3, and to being all fritted, 
difficulty Avas experienced in keeping the glaze 
in suspension during the dipping process. At 
the present time, the practice conforms to the 
use of a glaze apiiroximating to the formula : 


0-57 CaO \ 

A .r- A. ^ /3-50 SiOj 

0-43 KNaOJ 

0-4o AI2O3 -j^o-65 B2O3 

compounded from 

a frit consisting of : 

Borax . 

27-0 

Flint . 

20-0 . 

Whiting . 

12-0 

Felspar 

22-5 

China clay 

18-5 

AAdth 2^% china clay added during grinding. 


0-066 KgO 'I 
0-260 NajO I 
0-383 CaO f 
0-288 PbO J 


0-29 AI2O3 


/2-80 SiO„ 
to-50 B 2 O; 


Such glazes represent a lead content of approxi- 
mately 18% PbO. 

Other white-Avare glazes in Avluch lead is used 
are those for white tiles, in Avhich the body con- 
tains a very high proportion of flint, sometimes 
as high as 45% oAving to the necessity of freedom 
from waiq)ing during firing. The glaze for such 
bodies is usually mach higher in lead content 
than the other white-ware bodies, varying from 
25 to 40% PbO. 


SAAch a glaze in practice gives a very satis- 
factory result. 

Other leadless glazes, apart from those covered 
by the first class, are those termed : 

Slip Glazes . — These are mainly used in con- 
nection with once-fired stoneware; in some 
cases they may be simply a very fusible clay 
giving of itself a good even glaze Avhen fired. 
The best example of such a clay glaze is the one 
known as "Albany Slip,'" largely used, in the 
United States and having the formula : 


0-1954 KgO 
O-4692-CaO 
0-3454 MgO 


0-608 AlgOgl 

0-810 Fe^OJ 


3-965 SiO 


2 
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giving Tvhen fired to approximately 1.250°G. a 
good dark brown colour. 

The colour is, however, a drawback for some 
purposes, and to meet the demand for a cleaner 
looking lining for the ware, potters resort to a 
whitish semi-opaque glaze composed of felspar 
or Cornish stone, whiting and flint witb some- 
times a little barytes and, if required, softened 
b3* a small proportion of a soft frit. 

Such a glaze taken firom practice has the 
following formula : 


0-26 KNaO'l 
0-58 CaO > 
0-15 BaO j 


0'o6 AI2O3 


/4-41 SiOj 
tO-03 B 2 O 3 


A very simple slip glaze may be compounded 
from Cornish stone 75, felspar 15 and whiting 
10% and maturing at approximately 1,250'’C., 
giving the formula : 


0 40 KNaO\ 
0-60 CaO J 


0-70 AI2O3, 5-35 Si02 


Coloured Glazes. — ^This term is mainlj' used 
to describe those bodies covered entirely with a 
glaze in which is incorporated a certain propor- 
tion of a colouring oxide, and does not refer to 
the colouring obtained b3' the use of a printed or 
painted decoration on the biscuit ware. 

Such glazes are usually confined to majolica 
ware and to tiles, but sometimes they are also 
used in stoneware. In the case of majolica and 
tiles, it is essential that the firing temperature 
be relatively low, approximately 960°C., conse- 
quently the lead content is high. To give the 
necessary colour, it is usual to grind a per- 
centage of colouring oxide with a portion of the 
glaze and then mix weU with the whole batch. 
A more satisfactory method, however, is to use 
(1) a batch of transparent glaze, (2) a batch of 
coloured glaze too high in colouring oxide for 
the purpose required. By using suitable propor- 
tions of each, any desired blend can be obtained, 
iluch time is saved by adopting this method and 
the inconvenience of storing a large number of 
blends is avoided. A simple example will 
illustrate the procedure : 

Transparent glaze Xo. 1, formula l-OO PbO: 
0T5 AI2O3, 1-75 SiOg, and with this as base a 
series of majolica glazes are to be made with 
cobalt oxide as colouring agent. 

For this purpose a glaze Xo. 2 is made up, 
having the formula : 

0-80 PbOl 

0-20 CoOj AI2O3, 1*75 SiOg 

This glaze will be black in colour and can be 
used tvith Xo. 1 in an3' desired proportion. 

If glaze Xo. 3 is required to contain 0-02 
mol. parts of CoO, the difference between the 
CoO content of glaze Xo. 2 and the required 
CoO content of glaze Xo. 3 is 0T8 mol. parts. 
Dividing the difference in the CoO content of the 
desired glaze and one extreme b3' the total differ- 
ence between the two extremes gives a traction 
expressing the proportion of the opposite ex- 
treme to be used in the mixture, thus : 

Desired difference 0'18 

Total difference 0-20 ^ 


Therefore glaze Xo. 3 requires ; 


0-9 

0-1 


molecular parts glaze Xo. 

>5 9 > 99 99 


1 

2 . 


This method has the advantage that the 
glazes Xos. 1 and 2 can be kept in the slop state 
and thus readily mixed without the necessity oi 
drying ; the ordy precaution being that the diy 
content per imit volume of the slop glazes be 
known. 

A more perfect mixture is, however, obtained 
if the coloming oxide in glaze Xo. 2 is embodied 
in a Mtted form. 

Matt Glazes. — Of recent years, such glazes 
have received much attention owing to thek 
decorative possibilities and are largely used in 
the tile and ornamental trades, ilany of these 
glazes are compotmded by the addition to a 
transparent glaze of a so-called matt mixture, 
depending for its composition on the type and 
colour of the surface required. The matt effect 
is produced by the addition of either alumina, 
lime or magnesia, with the addition of zinc 
oxide to give the desired sheen. These glazes 
may also be made direct as raw glazes. A typical 
raw matt-glaze has the composition : red lead42'0, 
whiting 6-4, felspar 16-0, china clay 21-5, flint 
10‘6 and zinc oxide 3-5%, corresponding to the 
formula : 


0-10 KNaO-^ 

0 I 7 PbO U-35 AI2O3, 1-60 SiOg 
0-135 ZnO j 


and matures at 1,080°C. 

3Iany examples of such glazes are quoted by 
C. F. Binns {Trans. Amer. Ceram. Soc. 1903, 5, 
50). 

A type of lime matt-glaze is produced by 
the addition of approximately 25% whiting to 
an ordinary low-solubility transparent glaze. 
Coloured matt-glazes may be produced by using 
any of the usual coloured glazes with the addition 
of a matt mixture, this being either added to the 
tran.sparent glaze or sometimes dipped on the 
top of the glazed piece before firing. One such 
matt mixture used in practice has the per- 
centage composition: SiOg 36-97, AlgOg 9-36, 
TiOg 9-90, MgO 19-27 and COg 23-47, corre- 
sponding to the formula : 

MgO : 0-2 AI2O3 {Jig ^-§2 


Care must be taken in the selection of a suit- 
able matt mixture as this will exercise con- 
siderable influence on the final colour. As an 
instance, if the above matt mixture be super- 
imposed on a blue glaze, the resultant colour 
instead of being a matt blue will be of a dark 
plum colour, owing to the action of the magnesia 
on the cobalt oxide in the base glaze. 

Fireclay G lazes. — ^The usual colour of fireclay 
when fired is a deep buff, and if glazed with a 
transparent glaze the same colour is naturally 
apparent. In such cases as cheap cane sanitary- 
ware, this colour is not considered detrimental, 
but in the case of better-class ware, the trade 
demands a* white appearance. This effect can 



11 


GLAZES AISTD ERITS. 


be produced on the bufT coloured body by the 
use of nn cngohc, Avhicli is an intermediary 
between body and glaze and is usually made b}' 
mixing part of the buff body with a iiroportion 
of a wliite-burning clay. In the higher class of 
fireclaj' sanitary-ware, it is necessary to have 
several coats of the engobe to mask thoroughly 
the colour of tlic bod}', and each succeeding coat 
should havea highcrproporlionofthc white bod}’’, 
thus gradiiall}'' correcting any din'crenccs in the 
contraction of the original body and that of the 
white engobe. The composition of the white 
engobe usually approximates to that of an 
ordinary earthenware body. The glaze then 
applied on the engobe will approximate to 
formula : 


0-21 KNaO'i 
0-54 CaO I 
0-13 BaO ( 
0-10 ZnO , j 


0‘55 AI2O3 


•4-r) Sio, 

,0 05 SnO„ 


and will mature at about 1,250'’C. 

A similar procedure will bo followed in the 
production of glazed bricks with possibly the 
addition of colouring oxides as required. 

The composition of the glaze will, of cour.se, 
depend on tlinl of the body and this will vary 
according to the grade of the /ircclay used, but 
the quoted example is one taken from practice 
and used on a second-class fircclaj' and gives a 
fair indication of the composition of such glazes. 

Decorative Glazes. — Many varieties of glazo 
arc used for the purpose of decoration. The 
boautifid effects of man}' of the art potteries 
and also of the studio potters arc cxainplcs of 
what can be done by the blending of coloured 
glazes in producing pleasing ciTcets. Such 
glazes are usually of the majolica typo, and the 
effects are produced by superimposing one glaze 
on the other before firing, as instanced by dipping 
a turquoise glaze on the top of a blue one. 
IMottling can also be introduced with good effect 
by dabbing one colour with a sponge on the 
ware and then dipping the piece in _a glaze of 
another colour. 

From an academic standpoint, the outstanding 
example of a decorative glaze is the one known 
ns crystalline glaze. The application to ceramics 
of super-saturation, so usual in pure chemistry, 
has long exerted a fascination on ceramic chemists 
whose object was to introduce substances into the 
glaze which, during the cooling process, would 
separate out as crystals. Up to the present 
time zinc oxide has been found to give the most 
satisfactory results iir the production of crystals 
of zinc silicate. Various colouring o.xidcs can 
be added in small proportions to enhance the 
effect of the crystallisation. The earliest work 
on the subject was done by Lsjuth and Dutailly 
and reported in their work “ La Manufacture 
Nationale do Sevres,” 1879-87 ; Paris, Librairo 
I. B. Bailliere et Fils, 1889, in which they give 
the following recipe for producing the best crystals 
when fired to a temperature of 1,350°C. : SiOg 
57-49, AUOg 11-G8, CaO 6-72, NaKO 6-12 and 
ZnO 18-00%, corresponding to the formula : 

0-28 CaO I 

0-19 NaKO y 0-277 AlgO,, 2-G29 SiOg 
0-52 ZnO J 


Outstanding pieces of these productions are to 
bo seen in the showrooms of the Iloyal Works at 
S6vrcs. f 

The Iloyal Copenhagen factory has also 
specialised in crystalline glazes, but their 
results arc obtained by two fires. The first glazo 
is of the hard porcelain type, approximating 
to the formula : 


0-4 C&} ^-33 AlgOg, 15-G SfOg 

maturing at approximately 1,450°C., and on 
this a softer glazo high in zinc oxide is applied 
having the formula : 

ol Zno} 10-0 SiOg 

and fired to approximately LSSO^C. 

Softer crystalline glazes can be compounded 
by the substitution of boric acid for part of the 
silica. 

A .simple low temperature glazo maturing at 
1,150'’C. has the following recipe : leadlcss glazo 
100, zinc oxide 20, rutile 10 and cobalt oxide 1 
part, of formula : 


0-56 CaO \ 
0-44 NaKO/ 


0-47 AI2O3 


'3-40 SiOo 
p-02 BgO; 


Many other examples of such glazes are included 
in a paper by Purdy and Ivrehbiol (J. Amer. 
Ceram. Soc. 1907, 9, 319), 

Crackled Glazes. — One of the chief defects of 
glazes, viz., crazing, has been utilised, originally 
by the Chinese and Japanese potters, ns a means 
of decoration under the term “ Craquelo.” This 
elTcct has also been developed in the researches 
of Lauth and Dutailly (Bull. Soc. chim. 1888, 
[ii], 49, 948) who found that by modifying 'the 
composition of an ordinary stable glaze, by in-, 
creasing the silica and alkali content and 
decreasing the lime and alumina, very handsome 
crackled glazes can bo produced on soft porcelain, 
and they give the following recipes : 


1 

Ordinary 

glazo. 

Cracldc 
No. 1. 

td glaze. 

No. 2. 

SiOo . . . 

GG-18 

79-42 

G9-92 


14-66 

11-89 

18-13 

CaO . . . 

16-90 

2-88 

— 

Alkalis 

3-66 

6-81 

11-90 


corresponding to the formulas : 

Ordinary glaze ; 

0-16 KN°o} 0-426 A\,0„ 3-28 SiOg 

Craclded No. 1 : 

0-2G CaO 1 . . 

0- 74 KNaOj 0'09 AlgOg, 10-40 SiOg 

Crackled No. 2 : 

1- 00 KNaO ; 0-11 AI3O3, 7-60 SiOg 
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The temperature required for the firing of the 
crackled glaze is higher than the ordinary glaze. 
Some very pretty effects are produced by fiUiiig 
up the fine cracks (crazes) with a very fusible 
coloured frit and firing again at a low tempera- 
ture. 

Aventurine Glaze. — This is another example 
of a type of crystals produced at a low tempera- 
ture, approximately 960°C., showing, when 
properly matured, golden spangles or crystals in a 
red ground. Usually the best results are obtained 
in gkzes free from lead and with about 25% of 
iron oxide, of which a great part separates ovit 
in a crystalline state on cooling. Anon,, Sprech- 
saal, 1906, 39, 264, gives the following recipe : 


Frit 

Sand 444 

Boras. . . ; 

Ferric oxide 148 

Felspar 14 


Potassium nitrate 38 

Barium carbonate 27 

corresponding to the formula : 

0-929 NaKO\ rO-013 AlgOgl r3-91 SiOg 
0-071 BaO j\0-479 FeaOaJ 1.1-69 B 2 O 3 

Oxidising conditions are essential to produce 
the desired result. 

R ed G laze. — A good red glaze without crystals 
can be produced from the above recipe, by the 
addition of 33^% bisilicate of lead and firing to 
a temperature of 1,100?C, 

Rouge Flambe, Chinese Red' or Sang de 
Boeuf. — ^This glaze, originally the work of the 
Chinese, has been the subject of much research 
work, mainly by Lauth and DutaiUy (Bull. Soc. 
Chim. 1888, [ii], 49, 591) and Seger (“ Seger’s 
Collected Works,” 1902, II, 708). 

The colouring agent is undoubtedly copper, 
but the results obtained are due to the nature 
of the glaze and its mixing and application, and 
more especially to the method of imng. 

An analysis of a piece of glaze from a Chinese 
vase gave the following results-: SiOg 73-90, 
AI 2 O 3 6-00, Fe 203 2-10, CaO 7'-30,-K2O 3-00, 
Na 20 3-10 and CuO 4-60%. 

A glaze made up from this recipe and applied 
to a porcelain body and fired in a reducing fire 
in a special kiln gave the first satisfactory results 
produced in Europe, The great difficulties 
attending the production of the true Chinese 
Flambe have led to many attempts to simplify the 
method, and a very popular one is that of coat- 
ing the already glazed piece with a mixture of 
china clay and copper carbonate or acetate 
and firing at a low temperature, approximately 
800°C., in a reducing atmosphere; on drawing 
from kiln, the clay is washed off, leaving the 
original glaze impregnated with a deposit of 
copper and, if properly compounded and fired, 
giving a rich Sang de Bninf effect. 

Defects of G lazes. — ^The two principal defects 
to which glazes on pottery are subject are 
( 1 ) “ crazing ” and ( 2 ) “ peeling.” 

Crazing is the defect appearing on the surface 
of the ware in the form of a network of fine 
cracks, while peeling takes the form of the glaze 


“ chipping ” or “ scaling ” off the surface of the 
ware, usually at the edges. 

Broadly speaking, both faults are attributed 
to the same cause, viz., a difference in the co- 
efficients of expansion oT the body and the glaze. 
If the glaze, during cooling, contracts more 
than the body, strains are set up and crazing 
will result, while if the glaze during cooling con- 
tracts less than the body, the glaze peels or 
scales off. Such statement appears on the face 
veiy simple, but there are so many other factors 
to be considered that those interested in the 
subject should consult the voluminous'smvey of 
the literature up to 1934 compiled by J.W. MeUor 
(Trans. Ceram. Soc. 1935, 34, 1-112) as well as 
recent woric on various aspects of crazing by 
H. W. Webb {ibid. 1939, 38, 75) and F. T. Wood 
and S. R. Hind {ibid. 1939, 38, 435). 

"While the aetnal priweiples involved ete.stdl 
the subject of much discussion, the practical 
potter has at hand ready means of controlling 
the fault. The usual remedy adopted to pre- 
vent crazing is to increase the silica content of 
the body, while to remedy peeling, the lowering 
of the silica content is the method adopted. 
The altering of the body is usually preferred" to 
any interference with the glaze, as it is inferred 
that the body materials are more liable to fluc- 
tuation than those of the glaze. If, however, 
the latter be adopted, the silica content of the 
glaze must be raised to lower the tendency to 
crazing, while to remedy peeling the silica 
content must be reduced. 

Seger, whose pioneer work on the subject has 
been the main guide for succeeding workers, 
formulated a series of rules which, while not 
universally applicable to aU conditions existing 
in pottery bodies, forms a very serviceable basis 
on which to work, but as mentioned aFove, the 
practical potter does not concern himself much 
with the academic issue involved while he has a 
ready and simple means of overcoming the 
trouble. 

Full details of Seger’s Rules may be found in 
“ Seger’s Collected Works,” 1902, II, 557, 581. 

Enamels. — ^This tenn is usually apph'ed to 
glasses rendered opaque by the addition of 
colouring oxidesj but in ceramics is understood 
to mean soft glazes with which are incorporated 
colouring oxides and applied to the ware in 
what is known as “on glaze ” decoration, and 
therefore commonly called “ enamel colours.” 

These colours consist of colour base and flux. 
The colour base may be metallic oxides alone or 
silicates, borates or aluminates of the metals. In 
some cases the colour base and flux are simply 
ground together while in other cases they are 
fritted together, thus ensuring a perfectly uni- 
form product. The maturing temperature for 
enamel colours varies between 760° and 850°0. 
The composition of the flux must necessarily be 
considered in its relation to the oxide used and 
also to the nature of the glaze as the final colour 
will depend on agieement. of the tvf o, so 
that the composition of fluxes varies very -widely. 

Three essential properties of the finished 
colour are : 

(1) Must adhere strongly to the glaze. 

(2) Must be fusible enough to penetrate to 
the desired depth. 
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(3) JIust have a correct coefficient of expan- 
sion to prevent scaling or peeling. 

The commonest flux used in this country is 
Icnowu as No. 8 flux and is made by fritting, at 
approximately 900'’C.,rcd lead 30, borax 20 and 
flint 10 parts, corresponding to the formula : 

0-285 NajOO /0-90 SiOj 
0-715 PbO J 10-57 B2O3 

A typical recipe is ns follows : ^ 

W/iitc Enamel. — ^Tin oxide 20, felspar 10 and 
No. 8 flux 20 parts, ground togot her. 

Coloured enamels mn}' bo produced by the 
addition to the flux of the various oxides thus : 
cobalt for blues ; chromium or copper for greens ; 
manganese for browns; antimony or uranium 
for yellows; iron for reds; and iridium or a mix- 
turn of cobalt and manganese for black. 

Under-Glaze Colours. — ^Theso colours arc 
used on what is termed biscuit Avarc and arc 
developed by the covering gla'/,c during firing. 
The colour itself Avill be iniluonced by ; 

(1) The temperature of the kiln. 

(2) The atmosphere of the kiln. 

•(3) To some extent by the composition of the 
bodj^ 

(4) The composition of the glaze. 

The liigh tcmpcrat)iro necessary to fuse the 
glaze naturallj' limits to some extent the variety 
of colours used for under-glaze decoration. 

The general colours in use are blue, black, 
broAvn, green, yellow and pink, and are made up 
from colouring oxides with the addition of flux- 
ing material. 

A typical recipe is : Blue. — Cobalt oxide 1 , 
zinc oxide 4 and flint 2 parts, calcined at 
approximately 1,250°C. and finely gi-ound. Any 
desired shade maj'^ be obtained by the addition 
of flux consisting of approximately : flint 12, 
Cornish stone 12, Avhiting 5 and borax 4 parts, 
fritted at 1,000°C. 

Blacks arc usually prepared from mixtures 
of iron, chrome and cobalt, and a typical recipe 
is : FejOg 80, CCjOg 70-2 and COoOj 10 parts, 
fritted at 1,260°C. 

Greens are obtained from chromium or copper 
oxides ; 

Pinks from tin oxide, whiting and potassium 
dichromate ; 

Browns from manganese and mixtures of 
manganese and chromium oxides ; 

Yelloiu from uranium and antimony oxides. 

A. H. 

GLESSITE (a. Vol. I, 302d). 

GLIADIN (a. Vol. II, 85o). 

GLIM MERTON {v. Vol. HI, 19Gc). 

“ GLOBLAK ” (V. Vol. II, 480a). 

GLOBULINS. General term for proteins 
which are coagulated by heat, are insoluble in 
water but dissolve in dilute solutions of neutral 
salts, acids and allcalis. They are precipitated 
in half-saturated ammonium sulphate or in fully 
saturated sodium cliloride or magnesium sul- 
phate solutions. 

GLOBULOL. The sesquiterpene alcohol, 
gldbulol, b.p. 283°/756 mm., [a]jj -36-29°, occurs 
in the essential oil from the leaves of Eucalyptus 
. globulus (Schimmel’s Report, 1904, 1, 46; 
Semmler and Tobias, Ber. 1913, 46, 2030; 


Ruzicka, Pontalti and Balas, Helv. Chim. Acta, 
1023, 6, 861). On dehydrogenation it yields 
cadalene (q.v.) but its structure has not been 
determined. 

J. L. S. 

GLONOIN(E OIL (a. Vol. IV, 491d). 

GLORIOSINE (u. Vol. IH, 27Gc). 

GLUCAL {V. Vol. II, 294c). 

GLUCINUM {Beryllium). Be. At. no. 4. 
At. wt. 0-02. TVo isotopes (8), 9. This fourth 
member of the atomic series Avas first detected in 
berjd bj' L. N. Vauquelin (Ann. Chim. Phys. 

1 1798, [ 1 ], 26, 165), and from this source ho 
' Isolated the oxide “ la torro du beril ” and pre- 
pared some of its salts ; in a footnote {l.c. 169) 
the editors of the Annalos proposed the name 
glucine for the oxide on account of the alleged 
sweet taste of the salts,- The metal Avas not 
isolated until 30 years later AA-hcn Wohler ob- 
tained it by heating the chloride AV’ith potassium. 
He called it beryllium, the name by Avliich it is 
best known, and Avhich aaIU bo adopted through- 
out this article. The name still used in Franco 
is glucinium. 

. There are several bcrj'llium minerals, such as 
cuclase, Be(AI 0 H)Si 04 ; phenakite, BCoSiO^ ; 
cbrj-sobcr^'l, BeALO.! ; boryllonite, NaBeP 04 ; 
and hambergite, Be 2 ( 0 H)B 03 ; but berjd, 
BeaAljSioOjg, is still the only practical source 
of the metal although its refractory nature has 
led to much effort in devising suitable methods 
for its decomposition. Usually some modifi- 
cation of Copaux’s method is adopted (Corapt. 
rend. 1919, 168, 610) in which the finely ground 
mineral is fused Avith sodium silicofluorido at 
about 700-800°C. Aluminium and magnesium 
form insoluble fluorides, ferric iron is unnttacked 
Avhilo the soluble double fluoride, NaBeFg, is 
extracted Avith Avatcr. Air is bloAA-n through the 
solution to oxidise any ferrous iron, which is 
then removed, and the filtrate is evaporated to 
yield crj-stals of the double fluoride. From this 
pi-odtict pure beryllium compounds ’may be 
obtained by one of the folloAving methods : — 

{a) A solution of the double salt is treated with 
a slight excess of lime and the precipitate of 
CaF„, Be(OH)„ and excess Ca(OH )2 is ex- 
tracted AA-ith hydrofluoric acid; evaporation of 
the filtrate at 100° yields the hydrated fluoride 
or basic fluorides Avhich, Avhen heated to 300°, 
produce the oxyfluoride, 2BeO-5BeF2 (Illig 
ct ah, Wiss. Veroffentl. Siemohs-Konzern, 1929, 
8, m, 34). 

(6) The double salt solution is alloAved to 
react Avith silica and silicofluoric acid according 
to the equation 

6NaBeF3-|-2H2SiFo-}-Si02 

=6BeF2-l-3Na2SiF2-b2H20 

After removing the insoluble sodium silico- 
fluorido the filtrate is worked up as in (a) (see 
also Gadeau, R6v. Met. 1935, 32, 627, and F.P. 
742619). 

(c) The double fluoride is converted to sul- 
phate by heating Avith cone, sulphuric acid, 
any alkaline earth sulphate being removed, 
and the filtrate oxidised Avith hydrogen peroxide. 
A quarter of the resulting solution is treated 
with ammonia, the crude beryllium hydroxide 
filtered off and a part of it added to the re- 
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maining solution thereby causing precipitation 
of much of the impurity. The process is re- 
peated and the final filtrate acted ^ on with 
hydrogen sulphide to remove traces of the heavy 
metals. Dilution of the solution with 8-8-5 
times its volume of water induces precipitation 
of the hydroxide; the basic sulphate (about 
10% SO3) which it contains is decomposed by 
heating with carbon black at 700° (Sloman, 
J.S.O.I. 1929, 48, 309 t). 

More recently it has been foimd that beryl 
which has been heated to its melting-point and 
then quenched in water is easily attacked by 
strong sulphuric acid. The solution of beryl- 
lium, aluminium and alkali sulphates is then 
cohcentrated, the removal of aluminium being 
facilitated by adding ammonium sulphate so that 
an alum crystalh'ses out. The resulting beryl- 
lium sulphate is decomposed to the oxide at 
1,450° (Sawyer and Kjellgren, Ind. Eng. Chem. 
1938, 30, 501). 

Peepaeatiok of the Metal. — Large-scale 
production of the metal is carried out by 
electrolysis of fused salts, a procedure which 
was first successfully employed by Lebeau 
(Compt. rend. 1898, 126, 744) who electrolysed 
a fused mixture of sodium and beryllium 
fluorides at 300° in a nickel crucible which 
served as the cathode and upon which the metal 
was deposited in flakes. For coherent deposits 
the bath temperature must exceed the melting 
point of berj’-Uium and in order to achieve this 
barium fluoride is added ; even so there is always 
a notable volatilisation of beryllium fluoride. 
Usually a graphite pot is employed ^th graphite 
anodes, the cathode being a water-cooled iron or 
steel rod tipped with beryUium (Stock and Gold- 
schmidt, G.P. 375824; B.P. 192970; Vivian, 
Trans. Faraday Soc. 1926, 22, 211). Later 
work has shown that it is preferable to use 
mixtures of beiyUium oxyfluoride with sodium 
or barium fluoride. The process is made con- 
tinuous by adding oxyfluoride from time to time ; 
volatihsed salts are recovered by means of ab- 
sorption towers (G.P. 467247 ; B.P. 278723). 

Fused mixtures of beryllium and alkali 
chlorides have also been electrolysed at temjrera- 
tures between 370 and 400°C. The metal 
separates as spangles which are rendered co- 
herent by pressing into rods and melting under 
fused barium chloride (B.P. 377858, 434338). 

Beryllium produced electrolytically is contami- 
nated with oxide, nitride and carbide ; a s-urface 
skin of the last-named is always noticeable but 
may be removed by dipping the metal in molten 
sodium hydroxide. Impurities may also be got 
rid of by melting the crude metal either in vacuo 
in a high-frequency induction furnace or under 
a mixture of alkali and alkahne-earth halides 
when the dross sinks to the bottom. Further 
purification can be achieved by subliming the 
metal in a high vacuum (Vivian, l.c,; G.P. 
443944, 465525 ; Sloman, J. Inst. Metals, 1932, 
49, 365 ; Losana, AUuminio, 1939, 8, 67). 

Nuclear Reactions. — ^Beryllium is ap- 
parently a simple element in* that the mass 
spectrograph fails to reveal any lines other than 
that corresponding to a mass of 9 ; nevertheless, 
the isotope of mass 8 has been frequently 
postulated in transmutation reactions. Thus 


Laaff (Ann. Physik, 1938 [v], 32, 743) states that 
the 480 nucleus is produced in the process 
a)® Be but that it disintegrates into two 
a-particles. On the other hand Gliickauf and 
Paneth (Proc. Boy. Soc. 1938, A, 165, 229) 
irradiated ®Be with y-rays from radon and from 
the quantity of helium produced thej’- concluded 
that the reaction produced two a-particles and 
a neutron in preference to ®Be and a neutron. 
By this transformation is most probably pro- 
duced the hehum which is often found in beryl 
and in amounts related to the age of the mineral 
(Rayleigh, ibid. 1933, A, 142, 370 ; Burkser ei 
al., Compt. rend. Acad. Sci. U.R.S.S. 1937, 
15, 193). The mass difference of ^Be and |Be 
is 1-0072 while the stabihty of ^Be with re- 
spect to two a-particles is given as 0-3 m.e.v. 
(Allison et al.. Physical Rev. 1939, [2], 55, 107 
624; Collins et al., ibid. 172). 

Physicae Properties. — ^BeryUium is a hard, 
brittle, .steel-grey metal possessing a low sp.gr. 
(1-84 at 20°) and high melting-point (1,285°C.). 
It crystallises in hexagonal plates, the crystal 
lattice being a hexagonal close pack with lattice 
constants, a=2-268, c=3-594, axial ratio 1-585. 
The work of Jaeger and his collaborators indi- 
cates that beryllium exhibits allotropy, a meta- 
stable form at 600° being interesting in possess- 
ing a super-lattice containing some 60 atoms. 
Although normally brittle the metal does acquire 
some ductility -on heating while, according to 
Sloman, pure beryllium is ductile at room tem- 
perature. Other physical properties are tabu- 
lated below : 

Atomic volume, 5. 

Hardness, 130 BrineU for 99-8-99-9% metal 
and 60-65 for 99-99%. 

Young's modulus of elasticity, 30,000 kg./sq. 
ihm., a calculated value (Schwerber Metall- 
borse, 1928, 18, 706). , 

Vapour pressure, 5 mm. at 1,530°C., 760 mm^ 
at approximately 3,040°. 

Heat of fusion, 345-5 g.-cal. 

Heat conductivity, 0-3847 at 0° and increases 
regularly %vith temperature as expressed by 
the equation K.=0-3847-i-0-03751i^-0g4681^. 

Specific heat. Presumably as a result of al- 
lotropic modification this property varies 
with the thermal treatment accorded to the 
metal. Constant values are said to be given 
by pow'dered beryllium (Jaeger and Rosen- 
■ bohm, Rec. trav. chim. 1934, 34, 451 ; Proc. 
K. Akad. Wetensch. Amsterdam, 1934, 37, 
67). 

Linear coefficient of expansion, (20-100°C.) 
12-3 X 10-® ; (20-300°C.), 14-0 x 10 '®. 

Specific resistance. Like many of the other 

- properties this varies with the thermal his- 
tory of the specimen. After heating to 700° 
and cooling slowly, fairly reproducible values 
are obtained of about 6-6 microhms at 20° 
(Lewis, Physical Rev. 1929, [ii], 33, 284). 

Spectra. — ^The chief lines in the emission 
spectrum of neutral and singly ionised beryl- 
lium are as follows : 

Be I. 8254-1, 4572-69, 4407-91, 3865-74- 

3865-50, 3865-43, 3865-14, 3321-35, 3321-09, 

3321-01, 3019-60, 3019-51, 3019-34, 2986-62, 

2986-44, 2986-09, 2650-78, 2650-71, 2650-64, 
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2650-Gl, 2G50-57, 265047, 2494-59, 2494-55, 

2494-44, 2350-83, 2350-G9, 2348-61, 2175-07, 

2174-94. 

Be ir. 5270-84, 5270-32, 4G73-46, 43G1-03, 

43G0-G9, 3274-04, 3241-84, 3241-G5, 3197-lG, 

3131-06, 304G-G8, 3046-52 (Pa.sclieu and Kruger, 
Ann. Physik, 1931, [vj, 8, 1005). The Avavc- 
lengths in bold tj-pe are important in the 
anal 3 'sis of alloy's bj' arc spectra (F. TAv^-man and 
]). M. Smith, “ Wave Length Tables,” A. Hilger, 
London. 1931). 

For lines corresponding to Be III and Be IV 
and also for scries relationships, see Robinson i 
(Physical Rev. 193G, [ii], 50, 99), Kruger and 
Cooper (ibid. 1933, [ii], 44, 418), Edl6n (ibid. ] 
778), Paton et al. (ibid. 1929, [ii], 33, 16, j 
1093), SeRvATi (Proc. Physical Soc. 1929, 41,! 
392). “ j 

CirajiiC-VL PnoPERTiES. — As the first member ! 
of the second group of the Periodic Table bor}-]- 
lium exhibits bivalencj-, Avliile in its properties 
it is more nearlj* related to the zinc sub-group 
than to that of the alkaline earths. Possessing 
a strong affinitj' for oxj’gcn, the freshly- polished 
metal soon tarnishes in air and Avhen finelj' 
divided it burns brilliantly- on heating in air or 
oxygen. Combination Avith the appearance of 
flame also occurs if the metal is heated in the 
halogens, in sulphur A-apour or if melted AA-ith 
selenium. Hydrogen docs not attack it, but 
nitrogen, ammonia or cyanogen react AA-ith the 
heated metal to form a nitride. Combination 
AA'ith carbon at high temperatures produces a 
carbide. 

Beryllium is resistant to attack by- hot or cold 
Avater and cold cone, nitric acid although the 
diluted acid affects its slightly. Warm nitric I 
acid dissoh-es the metal, but addition of the 
chloride of a noble metal, c.g. PtCI^, increases 
its resistance. Both hy-drochloric and sulphuric 
acid readily attack berylliAim, Avhich also dis- 
solves in cone, alkahs in the cold and in dilute 
alkalis on Avarming. 

Alloys. — Although it might haA-e been ex- 
pected that additions of beryllium AA-ith its 
high modulus of elasticity Avould lead to an im- 
provement in the mechanical properties of other 
fight metals the results have been disappointing. 
It does not alloy Avith magnesium and AA-hile 
small additions to aluminium increase the hard- 
ness and resistance to Avear, the effects are not 
so good- as those produced by silicon or mag- 
nesium. With aluminium beryllium forms a 
eutectic at 644° containing 1-1% of the latter ; 
the solubility at room temperature is very small. 

More interesting results have been obtained 
by the addition of small amounts of beryllium 
to the heavy metals and much attention has 
been given to the beryllium bronzes and nickel- 
beryllium alloys. The bronzes containing about 
2-25-2-5% beryllium, Avhen heated at 800° for 
1 hour and quenched in Avater, are softer than 
copper and easier to Avork, AA-hile heat treatment 
produces great hardness and elasticity. As such 
alloys possess considerable resistance to Avear 
and fatigue they make excellent- springs and 
are also recommended for moulding dies, hypo- 
dermic syringes, electric SAvitches, clock bearings, 
etc. The inclusion of small amounts of man- 
ganese, cobalt and many other metals has been 


suggested to increase the electrical conductivity 
of the bronzes and to decrease the amount of 
bery-llium necessary- to produce such excellent 
mechanical proiAcrtics. For a general descrip- 
tion of these alloys, sec Gadeau, Rev. Met. 1935, 
32, 027 ; Hcssenbruch, MetallAAirts. 1938, 17, 
541 ; SaAA-ver and Kjcllgrcn, l.c. ; Met.- and 
Alloys, 1940, 11, 1G3). 

Bebylliusi and Hydrogen. 

Ko hy-dride of beryllium has been isolated, but 
the arc produced betAA-cen beryllium electrodes 
in dry- hy-drogen gives a spectrum containing 
tAA-o band systems, one betAA-een 4800a and 5120a 
due to the BeH molecule and the other betAA-een 
1882a and 3600a produced by- the ionised 
molecule BeHF, Similar bands have been 
observed for the deuteride (W. W. Watson et 
al., Physical Rev. 1928, [ii], 31, 1130; 32, 
COO; 1929, [ii], 34, 372; 1931. [ii], 37, 1G7; 
1937, [ii], 52, 318; Koontz, ibid. 1935, [ii], 48, 
707). 

Bekyllil'si and Oxygen, 

Beryllium Oxide, BeO. — Formed AA-hen the 
finely- diA-idcd metal, sulphide or iodide burns 
in air or oxy-gen. It is more conveniently- pre- 
pared by dehydrating the hy-droxide at 300-400° 
or igniting the carbonate at 1,100°. The nitrate 
or sulphate may- also be employ-ed, but long 
heating is necessary- to remove the last traces 
of o.Acidcs of nitrogen or sulphur. Beryllium 
oxide is a AA-hitc, amorphous poAA-dcr Avhich may 
be obtained crystalline, as he.xagonal pyTamids 
isomorphous Avith zinc oxide, either by- dissolving 
it at red heat in alkali sulphates or by fusion or 
sublimation (Zachariasen, Z. physikal. Chem. 
1926, 119, 204 ; Mallard, Corapt. rend. ’^95, .105, 
1267). Although the melting-point is about, 
2,,500° the oxide begins to A-olatilisesloAA-ly- aboA-e 
320° AA-hile at 2,000° the loss is rapid. The 
density varies betAA-een 2-80 and 3-04, depending 
on the previous liistory of the specimen. The 
heat of formation is 135-9 kg.-cal. and the mean 
index of refraction 4-723. 

Beryllium oxide remains unchanged Avhen 
heated in chlorine, bromine or iodine; AA-ith 
fluorine a fluoride is formed. It is not easily 
reduced on heating AA-ith metals although reduc- 
tion seem.s easier if there is present a metal Avith 
Avliich beryllium alloys readily. Ease of attack 
by- acids and alkalis depends on the temperature 
to AA-hich the oxide has been subjected ; it dis- 
solves easily in fused alkalis or alkali carbonates 
or pyrosulphates. 

Beryl hum Hyd roxide . — ^White, voluminous,' 
gelatinous precipitate formed Avhen alkali 
hydroxides, ammonia, amines or ammonium svd- 
phide act on solutions of beryllium salts ; alkali 
carbonates produce mixtAires of carbonate and 
hydroxide. The moist precipitate readily ab- 
sorbs COg from air and must, therefore, be 
Avashed and dried in an atmosphere free from 
this gas. Dried at ordinary temperature the 
hydroxide has an indefinite Avater content, but 
heating to 150° gives a product corresponding 
to Be(OH) 2 . The amorphous material slOAvly 
changes into a denser and more granular cry-stal- 
fine, but metastable, form on standing in air or 
under Avater ; this is knoAA-n as the a-hydroxide. 
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It is more readily obtained from the gelatinous 
product by electrodialysis or by beating in solu- 
tions of alkabs, alkab carbonates or ammonia. 
A quantitative precipitation is achieved by 
heating a neutral solution of a beryllium salt 
with ammoniuni nitrate and methyl alcohol, air 
being simultaneously passed through the mix- 
ture (Haber and van Oordt, Z. anorg. Chem. 
1904, 38, 380; Havestadt and Fricke, ibid. 
1930, 188, 357 ; Moser and Singer, Monatsh, 
1927, 48, 676). 

In contact with bases and in the cold the meta- 
stable a-form changes into a stable, crystaUine 
)3-form which also results when a hot saturated 
solution of the amorphous hydroxide in lOj^- 
NaOH is slowly cooled (Fricke, Z. anorg. Chem. 
1927, 166, 245; 1929, 178, 400). 

As might be expected, the amorphous product 
is more reactive than the crystalline forms. Un- 
like them it absorbs COg from the air, is soluble 
in alkali carbonates, dilute mineral and organic 
acids and in certain beryllium salts. The cry- 
stalline modifications require higher concentra- 
tions of alkalis to dissolve them and the solutions 
contain beryUates of the type M'gBeOg 
(M'=Na or K); the amorphous form under 
like conditions partly yields beryUates and 
partly gives a coUoidal solution (Hantzsch, Z. 
anorg. Chem. 1920, 30, 303, 319 ; Mohanlal and 
Dhar, ibid. 1928, 174, 1 ; Fricke et al., ibid. 1932, 
205, 127, 287). 

Beeyllittm and Halogens. 

Beryllium Fluoride, BeFg. — ^Formed b}' heat- 
ing the carbide or oxidedn fluorine or hydrogen 
fluoride, it is usualhr made by slowly heating dry 
aminoRiain hefyllofluoride, (NH4)2BeF4, to a 
red heat in a current of COg (Lebeau, Ann. 
Chim. Phys. 1899, [vii], 16, 484). The product 
is a transparent, vitreous mass, (Z4®=l-986, 
which shows no regular structure but has a 
“ random network ” (Warren and HUl, Z. Krist. 
1934, 89, 481). It has no definite melting-point 
but is fluid at 800° and be^ns to volatilise at 
that temperature giving a white crystaUine sub- 
Umate ; the molten product is a "poor conductor 
of electricity. The fluoride dissolves in water 
with hydrolysis so that, Uke the other halides, 
it cannot be produced from aqueous solution. 
It is sUghtly soluble in absolute alcohol and 
more so in a mixture of alcohol and ether. No 
combination occurs with anhydrous hydro- 
fluoric acid so that the acid, H g B e F4, correspond- 
ing to the beryUofluorides is apparently not 
produced. With Uquid or gaseous ammonia a 
monammine, BeFg-NHg, is formed (BUtz and 
RahUs, Z. anorg. Chem. 1927, 166, 351, 355, 361, 
367). The fluoride differs from the other beryl- 
Uiun haUdes in that addition of sodium hydroxide 
does not precipitate the hydroxide but yields a 
sparingljj- soluble double salt. 

Evaporation of an aqueous solution of beryl- 
lium fluoride and heating the product to 300- 
800° gives a white mass of the oxyfluoride, 
2BeO'5BeF2, which is ^an important inter- 
mediate in the production of the metal from its 
ores ; it is completely soluble in water. 

BeryUofluorides. — ^Numerous double com- 
pounds of the type M'2BeF4 and M"BeF4 


have been obtained and are interesting in that 
many of them are isomorphous with* the corre- 
spending sulphates. They are usually made hy 
one of the following methods : (a) concentrating 
a solution containing the two fluorides in the 
correct proportions ; (5) dissolving stoichio- 

metric amoimts of beryllium oxide and the metal 
carbonate or hydroxide in a slight excess of 
hydrofluoric acid ; (c) from ammonium or silver 
beiyUofluoride by double decomposition. Like 
the corresponding sulphates the alkaline earth 
and lead salts are sparingly soluble but the 
silver salt is very soluble in water. Acid salts 
of the type BeF4 and more complex double 
compounds, including amminoberyUofluorides, 
have been prepared while by fusion methods the 
compounds M'BeFg (M'=Na or K) have been 
obtained (Marignac, Ann. Chim. Phys. 1873, 
[iv], 30, 55 ; ' N. Ray, Z. anorg. Chem. 1931, 
201, 289; 1932, 205, 257; 206, 209; 1936, 
227, 32, 103; 1939, 241, 165; Hultgren, Z. 
Itrist. 1934, 88, 233), 

Beryllium Chloride. — ^Beryllium ignites 
on gently heating in chlorine and the resulting 
chloride is deposited as a sublimate of white 
needles. It is also produced by heating the 
carbide or intimate mixtures of the oxide and 
sugar charcoal in chlorine or hydrogen chloride 
at 1,000°. Phosgene readily reacts with beryl- 
lium oxide at 900°, but below 500° the reaction 
is so slow that it is possible to remove alumina 
and ferric oxide by heating the crude beryUia in 
this gas at 450° since aluminium and ferric 
chlorides are volatile at this temperature. 

Beryllium chloride 'melts at 405° and begins 
to volatilise near this temperature ; the 
boiling-point is given as 488°.' The vapour 
pressure at the boiling point indicates about 
50% association to 662014. The molten 
chloride is practically a non-conductor of elec- 
tricity but additions of alkali chlorides rapidly 
increase the conductivity (Fischer and Rahils, 
Z. Elektrochem. 1932, 38, 592; Z. anorg. Chem. 
1933, 211, ,321). Beryllium chloride is very 
hygroscopic and is easily hydrolysed in aqueous 
solution. It is insoluble in benzene, carbon di- 
sulphide, chloroform or carbon tetrachloride 
although it is soluble in many other organic 
media {e.g. MeOH, EtOH), often with com- 
bination {e.g. o-toluidine) to produce molecular 
compounds of the type BeClg-»Y where Y is 
the solvent molecule and n is usually 2 or 4 
(R. Fricke et al., Z. anorg. Chem. 1925, 146, 103, 
121; 1926,152,347; 1927,163,31; 1928,170, 
257). 

Thermal analysis indicates that double com- 
pounds of the type M'2BeCl4 or M"BeCl4 are 
formed with alkali and barium chlorides respec- 
tively; thallous chloride forms TlBegCIg. Com- 
plex formation also occurs with certain other 
chlorides (J. M. Schmidt, Bull. Soc. chim, 1926, 
[iv], 39, 1686 ; Ann. Chim. 1929, [x], 11, 351). 
Prytz (Z. anorg. Chem. 1937, 231, 238) was 
unable to secure evidence of any complex forma- 
tion in aqueous solutions of beryllium chloride 
containing potassium chloride. 

When an aqueous solution of beryUiuin 
chloride is evaporated over sulphuric acid and 
in an atmosphere of hydrogen chloride there 
are deposited coloiuless crystals of the hydrated 
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chloride BeCl2,4H20. The tclrnhyclralc is 
extremely hygroscopic nnd readily loses HCI 
in damp air; it is more stnblc in dry nir and 
can he kept over phosphorus pentoxide "with- 
out losing water of crystaliisation (Dchray, 
Ann. Chim. Ph3's. 1855, [iiQ, 44, 22; l^licleitner 
nnd Steinmetz, Z. anorg. Cliom. 1013, 80, 
7,3; Fricko and Sehiitzdellcr, ibid. 1023, 
131, 13G ; Cupr and Salansky, ibid. 1028, 176, 
241), Mielcitner and .Steinmetz state that the 
hjalrntcd chloride is formed when hj'drogen 
chloride is led into the nOueons solution mixed 
with ether, hut Cupr and ,?nlanskj^ on rei)cating 
this work obtained, instead, white needles of 
the compound [Be{H,0)3{C2Hj)20JCl2. 

Numerous oxj’chloridcs of berjdlium have 
been described, but there is some doubt whetlier 
thc\' are definite chemical compounds. The 
view of Parsons and his collaborators (J. Amer. 
Ciiem. Soc. 1001-00) is that nil basic salts of 
bcrj’llium arc mcrch' solid solutions of the normal 
salt in the hydrated hydroxide; «cc, however, 
beryllium sulphate. 

Dr^- beryllium chloride, cooled in a freezing 
mixture, reacts with ammonia in the absence 
of air to form the bcx.amminc BeClj-SNHj as 
a white voluminous powder which deliquesces 
slowjj’ in air. At 0° the tctramminc is produced, 
and this is also obtained when ammonia is 
passed into an ethereal solution of the chloride. 
Thermal decomposition of the tctramminc above 
210° and in vacuo jdclds a diamminc which also 
results from the action of ammonia on bcrj-llium 
chloride at room temperature (Ephraim, Bcr. 
pi2, 45, 1323; Z. physikal. Chem. 1913, 81, 
532 ; Micleitncr and Steinmetz, l.c. ; Fricko 
and Havestadt, Z. anorg. Chem. 1925, 146, 126; 
W. Biltz et al, ibid. 1925, 148, 158; 1927, 
166, 3-11; Bergstrom, J. Amer. Chem. Soc. 

1928, 50, 657), 

Beryllium Perchlorate, Be(CIOi)nAldnO. 
— Obtained as fine, colourless, deliquescent 
crystals hj' double decomijosition of barium 
perchlorate and berjdlium sulphate and con- 
centrating the filtered solution "vvith excess of 
perchloric acid (Cupr, Coll. Czech. Chem. Comm. 

1929, 1, 377). Tlic solubility of the anliydrous 
salt at 25“ is 59-5% (Sidg^vick and Lewis, J.C.S. 
1926,1290). . 

Beryllium Bromide, BeBr,. — Obtained as 
long white needles by methods analogous to 
those used for the chloride which it resembles 
closely in. properties. The melting-point is 487® 
although sublimation begins at 473° ; the density 
at 25° is 3’4G5. The fused bromide is a non- 
conductor of electricity. 

With liquid hydrogen sulphide at — 78’5° 
tM bromide forms a compound BeBr2-2H2S 
while with ammonia it forms ammines con- 
taining 10, 6 and 4 mol. N Hg ; the tetrammine 
alone is stable at room temperature. 

Beryllium bromide ' totrahydrate is produced 
similarly to the chloride and forms hygro- 
^opic cubic crystals. A trihydrate-otherate, 
BeBr2,3H20,(C2H5)20, is also kno"wn. 

Beryllium Iodide, Bel2.— M.p. 480°; b.p. 
~590°; sublimation temp. 488°; d^f=d'32S. 

Prepared by similar methods to the chloride 
and bromide, but higher reaction temperatures 
VoL. VI.— 2 


arc needed. It sublimes to form while needles 
which are very sensitive to moisture, dcli- 
quc.scing and losing hj’drogen iodide in moist air. 
The iodide is more susceptible to oxidation than 
the other halides and takes fire if heated to red 
heat in air or oxygen ; it is safer, therefore, to 
sublime it in a liigh vacuum (Messerknccht and 
Biltz, Z. anorg. Chem. 1925, 148, 152). The 
other halogens convert the iodide into the respec- 
tive halides although nrith fluorine an iodo- 
fluorido is also produced. Heated in hjalrogcn 
.sulpludo or sulphur vapour bcndlium sulphide 
is formed while with liquid liydrogen sulphide 
at —83° the double compound Bel2-2H2S is 
obtained (W. Biltz Jind Xcimccko, ibid. 1925, 
147, 185, 174). 

Berj’Ilium iodide is soluble in water but no 
hj'drato 1ms been isolated .apart from a di- 
hj-dratc-dief berate, Bel2,2H30,2(C2H5)20 
(C'upr nnd Salausk^', i.c.). Solution in organic 
media is often accompanied by combination. 

Ammines containing resx)cctively 13, 0, 4 
nnd 11 mol. of ammonia per mol. of iodide Iiaa'C 
been reported (W. Biltz c( al., ibid. 1925, 148, 
152 ; 1927, 166, 341 ; Bergstrom, l.c.). 

Beryllium Periodate, — Evaporation of an 
aqueous solution of basic bcrj’Uium carbonate 
with periodic acid lends to the separation of 
thick plates of BCgOOgljjH HjO ; the salt is 
decomposed on boiling with water (Atterberg, 
Bull. Soc. chim. 1875, [ii], 24, 358), 

Bervm,iu3I anij SvLvmm. 

Beryllium Sulphide, BeS. — Formed ns a 
grej', amorphous mass when the halides are 
heated in hj’drogen sulphide or sulphur vapour 
or when finelj’ divided berj’llium is burned in 
sulphur vapour. It is best prepared bj’ heating 
the powdered metal, covered with sulphur, in a 
current of hydrogen in a porcelain tube for 
10-20 minutes at 1,000-1,300°. The grej’, 
partlj’ sintered mass is apparently more stable 
in air than products obtained by other methods 
(Tiede and Goldschmidt, Ber. 1929, 62 [B], 
758). This material also develops a blue phos- 
phorescence if healed in a liigh vacuum at 
1,300° and then exposed to an arc lamp ; this 
is attributed to the presence of traces of iron. 

Beryllium sulpliido, d 2-3G (Zachariasen, Z. 
physikal. Chem. 1926, 119, 201) possesses a faint 
odour of hydrogen sulphide, this gas being easily 
liberated on treatment with dilute acids. Lebeau 
states that it is attacked by water, but according 
to Jlieleitnor and Steinmetz it is only slowly 
decomposed oven by boiling water. Heated in 
air or oxygen the ^phide bums, yielding sul- 
phur dioxide and beryllia in the former gas and 
beryllium sulphate in the latter. Hydrogen does 
not attack it but chlorine and bromine convert 
it at a red heat into the respective halides. 

Beryllium Sulphite, BeSOg. — ^When. freshly 
precipitated beryllium hydroxide, freed from 
water by washing with alcohol, is dissolved in 
alcohol saturated "with sulphur dioxide, the solu- 
tion on evaporation in vacuo over sulphuric acid 
and sodium hydroxide deposits small, colourless, 
hexagonal crystals of beryllium sulphite. The 
product is only slightly soluble in alcohol or 
water but the latter medium soon hydrolyses it. 
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forming more soluble basic salts {Kriiss and 
3Ioraht, Ber. 1890, 23, 734). 

Beryllium Sulphate, BeSO.j. — Prepared by 
di.ssolving the oxide or Imlro.xidc in excess of 
hot cone, sulphuric acid and cooling ; the excess 
acid is decanted from the fine microcrj’stalline 
powder which separates ; this is washed with 
alcohol and dried. Piemoval of excess acid by 
evaporation leads to slight decomposition and 
the formation of a little beryllium oxide. This 
is evident, too, when the sulphate is made b}' 
dehj'drating the di- or tetrahj'drate by heating 
to 400^ 

Beryllium sulphate is very hygroscopic and 
although not appreciabl3’ soluble in cold water 
it is slowlj' converted into the soluble tetra- 
h^’^drate ; this process proceeds more rapidl\' on 
heating. The densit3' of the salt is 2-443. With 
dry ammonia there is formed a diammine which 
passes into a monoammine on heating to 234''. 

Hydrates of Beryllium Sulphate. — Con- 
siderable attention has been given to the 
E3'stem BeS0.5-H20 and numerous h3-drates 
have been reported, but the only ones about 
which there appears to be no doubt are the tetra- 
and di-h3'dratc3 (Parsons and Fuller, Science, 
190G, 24, 202 ; Tabouiw. Compt. rend. 1914, 
159, 180; Britton, J.C.S. 1921, 119, 19G7 ; 
F. Krauss and Gerlach, Z. anorg. Chem. 1924, 
140, G1 ; Schreiner and Sieverts, ibid. 193.5, 224, 
167 ; Schroder, ibid. 1936, 228, 129 ; No^-oselova 
and Levina, J. Gen. Chem. Russ. 1938, 8, 1143). 

The tetrah3-drate is prepared by dissolvdng 
ber^-Uium oxide, hydroxide or carbonate in warm 
dilute sulphuric acid (d 1-07), filtering and con- 
centrating the solution ; the cr3'6tals which 
separate on cooh'ng are washed with alcohol. 
Britton and Ahmand also obtained it b3- treat- 
ing a .strong solution of the nitrate with excess 
of cone, sulphuric acid and pouring the mixture 
into alcohol when the tetrah3-drate separates 
(J.C.S. 1921, 119, 1464). It ma3' be reciystal- 
lised from hot dilute sulphuric acid or even hot 
water. The ci3"6tals belong to the tetragonal 
holohedral class and their densit3' is 1-712. 
The tetrahydrate is readil3' soluble in water, 
100 g. of the solution containing 29-94 g. BeSO^ 
at 25° (Sidg%rick and Lewis, l.c.) ; the solution 
reacts acid, the salt being appreciably hydrnly-sed. 

Heating the tetrahydrate to 120" or maintain- 
ing it at 93° until a constant weight is attained 
causes the loss of 2 mol. of water ; the resulting 
dih3-drate has a .similar crystalline form to that 
of the tetrahydrate. It partty melts on heating 
to 1.58° and gradually loses water above 100°. 
Like the tetrahydrate it is stable at room tem- 
perature. 

Double Salts . — ^Beryllium sulphate yields 
double salts with potassium and ammonium 
.sulphate of the type BeS04-M2S04,2H20. 
Fused potassium and beryllium sulphates are 
readity miscible, and from the melt containing 
33-60 mol. per cent, of the latter there can be 
cr3-stallised the double salt K2S04-2BeS04. 

A study of the isotherms of the system 
BeS04—N 32804—1-120 betrveen 0° and 100° 
reveals the existence of the ' compound 
BeS04-3Na2S04 which is stable 'above 42° 
(Grahmann, Z. anorg. Chem. 1913,^81, 265; 
Marchal, .J, Chimphys. 1925, 22, 516 ; behroder. 


Z. anorg. Chem. 1938, 239, 39, 225; 10.39, 241, 
179). 

Basic Beryllium Sulphates . — Parsons and 
his collaborators hold 'the view- that all basic 
salts of beryllium consist of solid solution.s of the 
salt in h3'drated beiydlium lydro.xide, but Sidg- 
irick and Lewis (J.C.S. 1926, 1298), finding that 
approximatel3* 4 mol. of the oxide will dissolve 
in 1 mol. of ber3-llium sulphate, suggest that 
beiyllia raa3' replace water in [Be-4H20]S04. 
There will thus be formed the complex 
[Be-4Be0]S04 although, actuall3% the re- 
placement ma3' take place in stages. Such 
basic salts have not, however, been obtained 
ciystalline, but onl3- as s3-rup3' ma.cses when 
solutions of ber3'llium h3-droxide or carbonate 
in aqueous solutions of the normal salts are 
concentrated. 

BEBVxrTCM A>’D 

Beryllium Selenide, BeSe. — Gre3* crystal- 
fine mass obtained ly- leading lydrogen carr3ing 
selenium vapour over the heated metal. The 
product is soluble in water but the solution soon 
decomposes with deposition of selenium (Zachari- 
a.sen, Z. plysikal. Chem. 1926, 124, 278, 437; 
Pauling, J. Amcr. Chem. Soc. 1927, 49, 787). 

Beryllium Selenite, BeSe03,2H20. — Ob- 
tained ns a precipitate on adding a solution of 
neutral sodium selenite to one of ber3'llium sul- 
phate. The salt, after filtering and washing, is 
treated %vith selenious acid until neutral and 
dried at 60°. The acid salts BeSeOg-HgSeOj 
and BeS03-2H2Se03 arc also known (Xilson, 
Bcr. 1875, 8, 655). 

Beryllium Selenate. — ^Treatment of an 
aqueous solution of basic ber3dfium carbonate 
with the requisite amount of selenic acid and 
evaporation of the solution gives rise to colour- 
less rhombic cr3’stals of BeSe04,4H20 from 
which the anh3'drous salt may be obtained 63* 
heating to 300°. At 100° 2 mol. of water are 
removed and the dih3-drate produced. These 
compounds closely resemble the corresponding 
sulphates, the tetrahy-drates being isoraorphous 
(Topsoe, Ber. Wien Alrad. 1872, [ii], 66, 5 ; 
Atterberg, Bull. Soc. chim. 1873, [ii], 19, 498; 
Sidgwick and Lewis, l.c.). 

Beeyllixim a>'d Teelukiuii. 

The teUnride is obtained in a like manner to 
the selenide and is a gre3- powder, d 5-09. It is 
sloAvly*^ decomposed by moist air and readil3’^ by 
water with evolution of h3-drogen telluride. 

Beryllium tellurite and tellurate are stated to 
form white precipitates on treating solutions ot 
beryllium salts with alkali tellurite or tellurate 
re3pectivel3’^ (Berzelius, Ann. Chim. Phys. 1835, 
[ii], 58, 244, 259). These are probably basic 
salts, for Montignie (Bull. Soc. cliim. 1935, 
[v], 2, 864) assigns to the tellurate the formula 
BeTe04-7Be(0H)2. 

BEKyELIUil AND FTitkogen. 

Beryllium Nitride, BegNa- — ^Beryllium com- 
bines with nitrogen at temperatures above 900°, 
but even at 1,100° the reaction is slow and the 
product contains appreciable amounts of metal ; 
a better result is obtained when ammonia is 
substituted for nitrogen. The nitride formed ip 
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these methods is n grej' powder, hut a white pro- 
duct is made by passing cyanogen over the 
metal at 800°. Heating ber3-lliuin carbide in 
nitrous oxide or with ammonium nitrate \'iolds 
an cquallj' pure material. 

Borj'Ilium nitride melts at al)Out 2,200° and 
begins to dissociate above this temperature. 
The melt, on cooling, solidifies to colourless cubic 
cr^'stals which scratch glass, arc stable in air and 
only slowly' decomposed bj' boiling water ; dilute 
acids and concentrated alkalis readil}’ decompose 
it. Wlion mixed witli alumina the nitride 
dcveloi)S a strong phosphorescence after ex- 
posure to a mcrcuiy’ vapour lamp (Fichtcr and 
Brunner. Z. anorg. Chem. 1915, 93, 89; Kcu- 
mann cl al., ibid. 1932, 204, 81 ; Voiirnasos, 
Bull. Soc. chim. 1917, [iv], 21, 282; Satoh, Sci. 
Papers Inst. Phj's. Chem. lies. Tokj'o, 1036, 
29,41; 1938,34,888; Slackelberg and Paulus, 
Z. physiJial. Chem. 1933, B, 22, 305). 

Beryllium Nitrate. — ^Tho anlij-drous salt 
has not j’et been isolated, but hj'drates contain- 
ing 4 and 3 mol. of water liave been prepared 
wliilo the existence of a mono- and dilnalratc 
has been infciTcd from tensiinctric data. The 
tetrahydratc is obtained either In' dissolving 
berjdlium hj’droxido in nitric acid (d 1-52) at 0° 
and allowing the solution to evaporate in air or 
b}' repeated cvaporatioji of the basic acetate 
with cone, nitric acid, adding fuming acid and 
seeding the solution. It forms delique.scent 
or^'stals which melt at 61°. If cr^'stailisation 
takes place from a solution liiorc dilute in nitric 
acid, colom-less prisms of the trilij'drate are 
obtained. Attempts to dehydrate these pro- 
ducts result in loss of oxides of nitrogen (Parsons, 
Science, 1907, 25, 402; Haase, Z. Krist, 1927, 
65, 637 ; Sieverts and Pctzold, Z. anorg. Chem. 
1933, 212, 49; Novoselova and Nagorskaja, 
Bull. Soc. chim. 1935, [v], 2, 9G7). 

No double compounds with alkali nitrates 
have been reported, but the existence of such 
compounds in solution has been inferred bj’ 
Chauvenet (Compt. rend. 1939, 208, 194; 1940, 
210, 260). 

Beryllium and Phosphorus. 

Beryllium Phosphide. — Formed when beryl- 
lium is heated in phosphorus vapour. Both 
Wohler and Lebeau state that it is obtained 
when phosphine acts' on heated berjdlium 
chloride, but Holtje and Meyer (Z. anorg. Chem. 
1931, 197, 93) could not induce combination 
even at high temperature and pressure. 

Beryllium Phosphates. — According to F. 
Travers and Perron (Ann. Chim. 1924, [x], 1, 
318) the hydrated orthophosphate, 

' Bog (P04)2,n H2O, 

is formed as a dense, white, microcrystalline pre- 
cipitate by adding a dilute aqueous solution of 
disodium phosphate to one of beryllium sulphate 
until a faint turbidity appears and then heating 
the solution. Excess of the sodium phosphate 
solution produces an amorphous, white precipi- 
tate also stated to be the orthophosphate ; the 
tetrahydrate is said to separate on crystallising 
from dilute acetic acid. Heating the tetra- 
hydrate at 100° produces a trihydrate while 
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much higher temperatures are needed for com- 
plete dch^'dration. 

Primary Beryllium Hydrogen Phosphate, 
8eH4(P04)2, separates as h^'groscopie, colour- 
less jdates on evaporating a solution of the oxide 
in a slight excess of the calculated amount of 
])hosphoric acid. The secondary jihosplale, 
BeHPO;,, is apparently' incapable of existence 
and dis2)roportionates readily' into the primary' 
and tertiary' salts. The ammonium salt, 
NH4-BeP0.„H20, is, liowevcr, Icnown and is 
the precipitate obtained on treating neutral or 
slightly acid solution.s of beryllium salts with 
ammonium idiosphate. It Is sufficiently’ in- 
soluble to provide a method of estimating the 
metal, tlic precipitato being converted into the 
py’ropho.sphate, BegPaOr* by' ignition (Travers 
and Perron, Lc.). A bery'lliurn ractaphosphato 
has also been reported (Bleycr and Muller, Z. 
anorg. Cliem. 1913, 79, 273). 

Beryllium and Ar.senic. 

When beryllium is heated in arsenic vapour a 
grey product is formed which is probably' the 
arsenide, for it liberates arsine with water. 

Beryllium Arsenate, Be3(As04)2,1 BHoO, 
is prepared by adding an aqueous solution of the 
sulphate to one of disocb'ura hydrogen arsenate 
acidified with acetic acid and air-drying the 
precipitato. 

The acid salts BeH.j(As04)2 and BeHAsO,, 
have also been made as well as numerous basic 
I salts (Bleyer and Muller, ibid. 1912, 75, 288; 

! Ephraim and Rossetti, Hclv. Chim. Acta, 1929, 

^ 12, 1033). 

Bkryixium and Carbon. 

Beryllium Carbide, BeoC. — ^Bory’llium pos- 
sc.sses considerably' affinity' for carbon, par-' 
ticularly' at high temperatures, and a carbide is 
readily' formed on heating the metal at 1,300- 
1,400° with carbon or in CO or COg. The 
usual method of preparation is to heat, in 
an electric furnace, intimate mixtures of beiylba 
and sugar charcoal bonded together with an 
agent such as dextrin. The product is cleaned 
by treating u'ith hot dilute liydrochloric acid to 
remove adhering oxide and carbon. It forms 
regular, brick-red, octahedral or hexagonal 
crystals hard enough to scratch glass and of 
density 1-9. Moist air and water slowly decom- 
pose it with liberation of methane. The carbide 
suffers only a superficial attack when heated in 
oxy'gen, nitrogen, phosphorus or iodine vapour, 
but the other halogens as well as their hydrides 
decompose it fairly readily at 800° as also does 
sulphur vapour at 1,000°. Hot aqueous mineral 
acid solutions attack it more easily when dilute, 
while with hot caustic alkali there is a rapid 
evolution of methane (Lebeau, Compt rend. 
1895, 121, 496 ; Pichter and Brunner, Z. anorg. 
Chem. 1915, 93, 91 ; Messerknecht and Biltz, 
ibid. 1925, 148, 153; Schmidt, BuU. Soc. chim. 
1928,' [iv], 43, 49; Stackelberg and Quatram, 
Z. physikal. Chem. 1934, B, 27, 50). 

Beryllium Acetylide, BeCg. — Produced 
when acetylene is led over powdered beryllium 
at 460°; it differs from the carbide in regenerating 
acetylene when treated with water or dilute 
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hydro cUoric acid (Durand, Bull Soc. chim. 1924, 
[iv], 35, 1141). 

Beryllium Carbonate. — ^Freshly precipi- 
tated berylMum hydroxide readily absorbs atmo- 
spheric carbon dioxide, while if an aqueous sus- 
pension of the hydroxide is saturated with the 
gas there is formed the basic carbonate 
3Be{0H)2-BeC03. Basic salts of somewhat 
indefinite composition are also produced as 
white precipitates on adding aqueous sodium or 
ammonium carbonate to solutions of beryllium 
salts. If carbon dioxide is passed for a long 
time into a suspension of one of these basic 
carbonates and the solution filtered and 
evaporated over HgSO^ in an atmosphere of 
CO 2, white hexagonal crystals are obtained 
which are said to be the tetrahydrate of the 
normal salt BeC03,4H20 (Jahresber. 1868, 
203). The crystals effloresce in air, are not very 
soluble in water and lose carbon dioxide as well 
as water on drying at 100'’ ; the residual basic 
carbonates do not begin to decompose until 
about 200°. Berj^’Uium carbonates are soluble 
in excess of alkali or ammonium carbonate and 
from the solutions alcohol precipitates crystal- 
line compounds of the type 

3BeM2{C03)2*Be(0H)2 

(M=alkali metal or NH^). The amount of 
hydroxide seems to vary in diff'erent prepara- 
tions so that possibly it is merely an impurity in 
the true double salts MjCOa'BeCOg. Heating 
the solutions redeposits the basic beiyllium car- 
bonate (Klatzo, J. pr. Chem. 1869, [i], 106, 227 ; 
Debray, Ann. Chim. Phys, 1855, [iii], 44, 32; 
Atterberg, Svenska Akad. Handl, 1873, 12, 31 ; 
Parsons, J. Amer. Chem. Soc. 1904, 26, 721 ; 
Venturello, Gazzetta, 1939, 69, 73). 

Beev'llittm Salts of OnoAiac Acids. 

Numerous beryllium salts of organic acids have 
been made; in some cases, for example with 
oxalic acid, the normal salt is kno^vn while 
with other acids only basic salts have been 
obtained. The most important of these is the 
basic acetate, for its ready solubility in chloro- 
form provides a means of separating beryllium 
from many other metals, including iron and 
aluminium. 

Basic Beryllium Acetate, 

{CH3-C02)cBe,0 

Separates as octahedral crystals on cooling a 
solution of the hydroxide in excess of hot, 
strong acetic acid. The crude product is re- 
crystaUised from chloroform until the melting- 
point is 286-287° or it may be purified by sub- 
limation in vacuo (Drbain and Lacombe, Compt. 
rend. 1901, 133, 874; 1902, 134, 772; Tanatar, 
J. Russ. Phys.-Chem. Soc. 1904, 36, 82 ; Haber 
and van Oordt, Z. anorg. Chem. 1904, 40, 465 ; 
Kling and Gelin, BuU. Soc. chim. 1914, [iv], 15, 
205). 

The physical and chemical properties of the 
salt indicate that it is a non-ionised covalent 
complex, while X-ray examination demonstrates 
that the foiu’ beryllium atoms occupy the apices 
of a re^lar tetrahedron in the centre of which 
is the single oxygen atom ; the acetate radicals 
span the six edges (W. Bragg and Morgan, Proc. 


Roy. Soc. 1923, A, 104, 437 ; Morgan and Ast- 
bury, ibid: 1926, A, 112, 444; Pauling and 
Sherman, Proc. Nat. Acad. Sci. 1934, 20, 340). 

The basic acetate is stable to air and is in- 
soluble in, and unaffected by, cold water; 
warm water dissolves it with decomposition. 
It is soluble in many organic solvents. 

Normal beryllium acetate is said to be formed 
when the basic salt is heated at 140° in a sealed 
tube with acetic acid and acetic anhydride ; it is 
insoluble both in eold 'water and organic sol- 
vents (Tanatar, l.c. ; Steinmetz, Z. anorg. Chem. 
1907, 54, 219). 

Most of the monobasic organic acids give 
definite basic salts analogous to the acetate, but 
with di- and tribasic aeids the more indednite 
types experienced with inorganic acids are 
obtained. With the monobasic organic acids, 
however, normal salts are also known. The 
berylhum derivative of benzoylpyruvic acid, 

■ / O-C— CeHsN ' 

Be / ^CH 2 H2 
\ O : C— CO2 / . 

has been resolved into two forms with opposite 
and fugitive mutarotations (Mills and Gotts, 
J.aS.- 1926, 3121). 

Beryllium . Acetylacetone, Be(C5H702)2' 
— ^Prepared either by the action of acetylacetone 
on aqueous or boiling alcohohc suspensions of- 
beryllium carbonate or by treating aqueous 
beryllium chloride solution with an ammonical 
solution of the diketone followed by further 
careful addition of ammonia (Jaeger, Rec. trav. 
chim. 1914, 33, 394; Parsons, Z. anorg. Chem. 
1904, 40, 412; W. Bfitz, Annalen, 1904, 331, 
336). It may be purified by sublimation or by 
crj^stallisation from alcohol. Slightly soluble in 
cold water it dissolves readily in the hot medium, 
but with gradual decomposition and deposition 
of the hydroxide ; it is soluble in many organic 
solvents. The acetylacetone does not form an 
additive compound with ammonia although 
with SOg a 1:1 compound is formed. The 
ethylacetoacetate behaves similarly (Booth and 
Smiley, J. Physical Chem. 1933, 37, 171). 

Obgakometadlic Deeivattves of Beeyl- 
ErOM. 

Few such derivatives are knoivn, none of them 
being analogous to the Grignard reagents pro- 
duced with magnesium. 

Beryllium dimethyl, diethyl and dibutyl have 
been prepared from beryllium chloride and the 
appropriate Grignard reagent; the first-named 
is also formed when mercury dimethyl acts on 
beryllium. The diethyl and dibutyl compounds 
are liquids while the fflmethyl is a high-melting 
solid subliming at 200°. 

Beryllium diphenyl and di-p-tolyl have been 
obtained (Schulze, Iowa State Coll. J. Sci. 1933, 
8, 225). 

For the detection and estimation of beryllium, 
V. CHEsncAD Analysis, Vol. II, 580a and 
587 6, c, d. 

G. R. D. 

GLUCOCHLORAL {v. Vol. HI, 35c). 

GLUCONIC ACID (v. Vol. H, 297o). 
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GLUCOSANS {v. Vol. II, 2956). 
GLUCOSE (d. Vol. II, 284ff). 
GLUCOSEEN-5:6 (f. Vol. II, 294fZ). 
GLUCOSIDASE {v. Vol. IV, 3136, 3146). 
GLUCOSIDES{t;. Glycosides). 
GLUCOXYLOSE (v. Vol. II, 300c). 
GLUCURONIC ACID (v. Vol. H, 297c). 
GLUE AND GLUE TESTING. Gluo or 
gelatin adhesives are materials ■nhich have the 
property of gelatinising in aqueous solution and 
drying to form a hard strongly adhesive laj'cr. 
They are obtained from the collagenous parts 
of animals and fish, chiefij' liidc and skin trim- 
mings, hones, cartilage and tendons, by extrac- 
tion with water. Keratinous materials such ns 
muscles, horns and hoofs contain little, if any, 
glue-yielding material, but horn-piths give 
ossein. 

Other preparations which possess this ad- 
hesive property are also looselj’ termed glues, 
c.g, marine glue, a mixture of nihher and 
asphaltum, gluten and casein glues, mineral and 
vegetable glues, blood and albumin glues, 
phenol-formaldch 3 'do condensation products, 
etc., but, strictly speaking, these have no claim 
to that name, as the}' contain no gelatin. 

Gelatin is the princiiial constituent of a glue, 
and therefore many of the properties of the 
latter depend on those of the former. This, 
however, is not alwa 3 -s the case ; highl 3 ’ purified 
gelatin is distinctly weaker, as an adhesive, than 
a commercial gelatin or a high grade glue. -The 
superior adhesive power of the latter may be 
due to the presence of other soluble products 
which in themselves possess no adhesive proper- 
ties, but wliicli modify those of the gelatin by 
altering its state of aggregation. 

Glue and gelatin do not e.xist, as such, in the 
animal orgam’sm but arc the products of the 
hydrolysis of various nitrogenous components 
brought about by boiling ivatcr. 

These components may be classed as follows : 

(1) Collagens. — ^The organic materials of hides, 
skins, bones, tendons and cartilage. Hofineister 
regarded collagens as anh 3 'drides of gelatin. 
According to Grassmann ( J. Soc. Leather Trades’ 
Chem. 1938, 22, 473) the fibres exist in different 
foims, dependent on the stretching or folding of 
the polypeptide chains. Kiintzel (Magyar 
Timar, 1938, 1 ; J. Soc. Leather Trades^ Chem. 
1938, 22, 410) regards the formation of gelatin 
as a type of melting process. In the molten or 
gummy condition the individual molecules are 
unstable and pass from the stretched into the 
coiled-up condition. 

(2) Keratins. — Found in the hard structure of 
the nails, hair, horns, hoofs, whale-bone, etc. 
They are unaffected by boiling water except 
under pressure, yield products which have little 
gelatinising power and are not used in glue 
manufacture. 

(3) Elasiins. — ^Mainly derived from tendons 
and ligaments. They are similar to the keratins 
in behaviour in water but are acted on by 
trypsin and other enzymes. Liming with arsenic 
limes swells and breaks these tissues (W. T. 
Roddy and E. O’Flaherty, J." Amer. Leather 
Chem. Assoc. 1938, 33, 257). 

(4) Reticulin. — The coUagen fibres of hides 
are held together by a meshwork of reticulin 


and clastin fibres. Collagen fibres are covered 
with a fine sheath of reticular tissue, which is 
stronger in young skins than in old ones. It is 
very susceptible to bacteria, broken by hydro- 
chloric acid solutions of Pji<2, weakened by 
sodium hy'droxidc or sodium-sulphide and more 
slowly by calcium hydro.xidc. 

(.5) Mvcins and Mucoids. — A class of gly'co- 
protcins, insoluble in water but easily soluble 
in dilute alkalis, which is present to a small 
extent in tendons, connective tissue of hides and 
skins, cartilage and bones. 

(6) Chilin. — ^I^ound in the hard sheaths of 
beetles, locusts, shrimps, crabs, etc. It can bo 
converted into a gelatinous form by' treatment 
■with acids but is of no utility'. 

For convenience the products obtained from 
collagens by' the action of water may' bo classed 
into gelatin, chondrin and mucin, the properties 
of which will be described later. During the ex- 
traction of glue, or gelatin, two reactions take 
place : (a) hy'drolysis of ossein or collagen to 
form gelatin; (6) hydroly'sis of gelatin giving 
harmful degradation products. 

The extraction process appears to be, there- 
fore, a very simple one. In practice it is not so 
because, unless properly controlled, the second 
reaction, although slower than the first, ^vill 
tend to produce larger quantities of those 
materials which impair the properties of the 
finished product and especially the adhesiveness. 
It follows therefore that, whatever the glue- 
yielding material used, the following precautions 
should be observed ; 

(а) The extraction should bo carried out as 
rapidly and at ns low a temperature as is con- 
sistent -with economic working. 

(б) The acids or alknhs used in the preliminary 
treatment of the bones or hide trimmings should 
be removed as comi)letcly' as possible. 

(c) The extracting water should bo as nearly 
neutral ns possible. Distilled water is always 
to be preferred, and for the gelatin maker it 
is almost a necessity. . 

Many other factors influence the properties of 
glue, but will bo considered later, as they' relate 
to processes wliich follow the extraction. 

Of the materials mentioned, tannery by- 
products and bones are those most commonly 
used; horn-piths are used for the production 
of special glues in which great adhesiveness is 
not necessary. 

klANUTACTUEE : (o) Hide and Skin Glues. 
— ^While the epidermis of the hide yields httle 
or no glue, the corium or inner skin, consisting 
mainly of collagen fibres, gives a high grade 
glue. Hides and sldns are, however, only used 
for this purpose when unfit for leather manu- 
facture. The following are the raw materials in 
decreasing order of ‘quality : hide pieces of 
calf, goat, deer, etc., including ear and face clip- 
pings ; low grade de-woolled sheepskins ; sheep 
“ spetches ” ; hand and machine trimmings and 
fleshings from hides and skins; foreign sheep 
“ spetches ” ; and foreign hide and sWn flesh- 
ings. Good tannery pieces (“ spetches ”) yield 
about 45% of glue while fleshings only give 
20-30%. Rabbit skins yield a pale coloured 
glue which has a good adhesive power, but a 
weaker jeUy strength than best hide glue. Glues 



22 


GLUE AiU) GLUE TESTIE'G. . 


from the skins of young and small animals con- 
tain more chondrin (g.v.) and are weaker in jeUy 
strength than glues from older and larger 
animals. The 'pieces and trimmings may be 
unlimed or limed. Many patents exist for 
making glue from tanned leathers, but the cost 
of the previous de-tanning is considerable. 
In the manufacture of high class glues, much 
dncretion is required in blending the raw 
materials. 

The unlimed raw materials are obtained from 
the tannerj' or from the animals at the slaughter- 
house. If not used immediately they must be 
washed and salted, salted and dried, or limed to 
prevent putrefaction. Before liming, they are 
washed in a machine to remove blood and dirt, 
which would either produce a highly colouredglue 
or reduce its adhesive properties, and they are 
often run through shredding or cutting machines 
to ensure a more uniform action of the lime. 

The limed raw materials are cut from hides 
which hare been laid flat in pits in liquors con- 
taining about 4% lime and 0-2— 0-5% sodium 
sulphide (which contains iron and turns the 
hides a bluish-green) for 7-21 days, with about 
4 liftings. The object is to loosen the hair by 
softening the bottom layer of the epidermis, 
^lucins and mucoids are also dissolved out. 
The hair is then removed by a machine with a j 
blunt knife, the hides are trimmed and the sur- 
plus flesh scraped off. The hair thus obtained 
finds use in plastering work and felt making, etc. 

Skins are painted on the flesh side with a 2% 
sodium sulphide solution thickened with Ume, 
de-wooUed or unhaired the next day, trimmed, 
fleshed, well washed and limed further in a lime 
liquor containing arsenic sulphide. 

The first process in the manufacture of glue is 
the liming and the quality of the product 
depends upon the thoroughness of this treat- 
ment. It is necessary to avoid hydrolysis of 
the collagen and the extent of this liming there- 
fore depends upon the condition of the raw 
material, and ^vith already limed stock reduced 
liming is u-sually desirable. For unbmed 
stock, satmated lime-water has been recom- 
mended, but in practice this has to be changed 
at frequent intervals. It is necessary to con- 
struct the whole plant so that it can be kept 
absolutely clean without excessive labour. It is 
best to employ several changes of a lime sus- 
pension in vrooden or concrete vats using about 
10% of lime on the weight of the stock, or less 
if caustic soda is used. The total time varies 
from 30-60 days, but is considerably less if 
caustic soda is present, and the stock is then 
firm and free from a greasy feel. If it is fre- 
quenth’- turned over no bacterial action occurs. 
Bleaching agents, such as bleaching powder or 
sodium peroxide, and preservatives, such as 
phenolic compounds, are sometimes added, but 
may cause coagulation during evaporation. 

The second process is carried out in the washing 
mills with running water rmtil the washings are 
clear. As the removal of the lime is incomplete, 
acid is added to the next wash-water. The 
mo't commonfr used are sulphurous and hydro- 
chloric acids. The former has the advantage 
of being both a bleaching and antiseptic acid, 
but it has the disadvantage that appreciable 


quantities of sulphm dioxide or sulphites may 
be left in the fin ished product. Commercial 
hydrochloric acid is used more frequently in the 
manufacture of glues where the presence of 
traces of iron or arsenic would not be con- 
sidered as objectionable. After the acid treat- 
ment, the material must be in a nearly neutral 
condition with a p^ value of about 5-0. Stock 
containing rancid fats would yield turbid glue 
because of the emulsifying power of the oxidised 
acids. Such material can be improved by car- 
bonation, that is blo^ving carbon dioxide through 
them in water until phenolphthalein is no longer 
reddened. In any case, the materials are then 
either used immediately or dried and stored 
ready for future use. 

The third process is the extraction of the glue 
by^ “ boiling ” with a large quantity of water. 
The word “ boiling ” does not imply actual 
ebullition, but gentle cooking at a temperature 
of about 60°C. to convert the collagens into glue 
and allow the fat to rise without emulsif^g 
with the gelatinous matter. This is the most 
important process of the manufacture, and the 
quality of the finished product depends upon a 
number of factors which are very difiicult to 
control It is necessary, for instance, to avoid 
as far as possible the formation of degradation 
products by prolonged heating. Very' fre- 
quently, however, degradation products are 
present in certain portions of the skins, owing to 
overliming. These dissolve first, and the “ first 
run ” of glue is then of inferior quality com- 
pared with the second extraction. 

Generally, the extraction of glue is carried out 
in open aluminium or wooden vats, 3 or 4 ft, 
deep and 6-8 ft. in diameter. Copper heating 
coils are placed at the bottom of the vats and 
covered with a perforated false bottom usually 
made of iron or copper. By this arrangement 
the materials do not come in contact with the 
coils, while the perforated false bottom is used 
as a support for a coarse filtering medium. The 
steam for heating comes from a vertical pipe in 
the centre surrounded by a wooden easing or 
“ eye ” passing through the false bottom so that 
when the bquor boils it rises through the casing 
and flows out at the top of the vat, passing down 
through the glue-stuff. For dry material, the 
vat is fitted with a “ curb ” in which the 
spetches can be piled and sink down gradually 
as they soften. 

The vat is filled with the treated materials 
and enough water is allowed to run in to cover 
them, and steam passed through the coils, the 
temperature being maintained at about dO^C. 
(IdO^F.) for 6-8 hours or until a sample of the 
bquor forms a firm jelly on coobng. As much 
of the fat as possible is skimmed off and the glue 
bquor is then dra'wn off through a valve at the 
bottom of the vat, run into a tank, allowed to 
cool somewhat, and a further portion of fat 
allowed to separate. 

More water is then added, and the “ boiling ” 
is continued until the necessary concentration 
has been reached. This second bquor will yield 
the best glue, but a large quantity wfll .stiU be left 
in the hide stock, which is extracted by repeating 
the “ boibng ” 3 or 4 times, the temperature of 
the extracting water being increased if necessary. 



23 


GLUE AND GLUE TESTING. 


The glue liquors must bo filtered nnd con- 
centrated, but ns these processes are similar to 
those emj)loycd for bone glues they u’iU be 
described later. 

(6) Bone Glue. — For this purpose, bones of 
all kinds arc used nnd vary, therefore, so much 
in composition that it is useless to give any 
detailed analysis. Apart from the marrow, 
blood-vessels, etc., Ibcy contain the main in- 
gredients of tlio ash, calcium phosphate nnd 
carbonate, fat nnd the gelatin-forming sub- 
stance ossein. The inorganic portion is so 
intimntcl}' blended and incorporated with the 
ossein that it is only bj" drastic, treatment as, 
for instance, by the action of strong mineral 
acids, that they can bo separated. 

In man}' resjjccts the ])roecsse.s used in the 
manufacture of bone glue differ from those 
described for hide glues. These differeneos do 
not refer to the extraction of the glue itself, 
but to the preliminary treatment of the raw 
material in order to obtain a number of verj' 
valuable by-products. 

The ossein, the collagen of bones, maj' bo 
isolated from degreased bones b^’ a {irolongcd 
and somewhat expensive and troublesome treat- 
ment with dilute acids. The number of acids 
suitable for this purpose is limited, as some of 
them, c.ff. nitric and acetic acids, have an in- 
jurious effect on the gelatin-yielding material. 
Hydrochloric acid is by far the most commonly 
used ; the strength of the solution varies between 
2 and 5%. 

Ossein can be limed and treated in a manner 
similar to hides, but owing to the expense and 
the time required, this treatment is only used 
for the manufacture of gelatin. 

In order to extract glue from untreated 
bones, the following process is adopted. 

The green bones are first passed through a 
crusher, nnd then over a belt in order to remove 
by means of a magnet any metallic objects 
which may bo present. In many cases the bones 
are thoroughlj’- washed before crushing. 

The crushed bones are then treated for the 
removal of fat. Fresh bones comprising the 
heads, ribs, shoulder-blades, etc., contain 12- 
13% while the large thigh bones (“ marrows ”) 
3 deld 17-18%. Slarine store bones, which have 
generally been used for maldng soups, Indian 
and South American bones rarety contain more 
than 12% of fat. 

There are three methods of extracting fat 
from bones : (1) by heating the bones with 

water in a tanlc provided with a steam coil; 
(2) by heating with steam in a digester under 
pressure ; (3) by extracting with a volatile 

solvent (v. Bone Fat). 

By the first of these processes the yield of fat 
is small, but it is of good colour and finds ready 
use in many subsidiary industries such as soap- 
making. 

The second process will extract more fat, but 
at the same time also a certain amount of the 
glue. 

The solvent extraction process will remove 
practically the whole of the fat without injury 
to the glue-yielding material and is the one used 
in most modern factories. The usual solvents 
are benzine, benzol and trichlorethylene ; benzine 


was commonly' used, but trichlorethjdene nnd 
other modem solvents arc rapidly taking its 
place owing to non-inflammabilit}’ and lower 
cost of degreasing. 

TJie idea that in order to obtain a good ex- 
traction of fat the bones must not contain more 
than 10% of moisture has been proved incorrect, 
as the presence of water will not hinder the ex- 
traction of the fat nnd will not cause loss of glue, 
cspccin!l 3 ’' if the solvent used has a low boih'ng- 
point, c.g. if trichlorethylene (b.p. 87®C.) is 
emploi'cd. 

A modern fat-oxtracling plant consists 
gcneralh' of 6 c^dindrical vertical extractors, 
each of a capacity of 15 or 10 tons, workedfin sets 
of 3 units, one lot extracting while the other set 
is. being emptied. The extractors are provided 
with wet nnd dry steam coils placed under a 
perforated false bottom. 

After sorting, the crushed unscreened hones 
arc filled into the extractors, the manholes arc 
tightly closed, and sufficient solvent to cover 
them is allowed to run in from the storage tank. 
Steam is then admitted to the dry coils and the 
solvent is distilled over through a pipe placed at 
the top of each extractor nnd connected with 
suitable condensers often situated outside the 
building. 

Bj>- formation of an azeotropic mixture the 
Solvent carries off all the water contained in the 
bones ; the n)ixture is passed, after condensation, 
into a 8ei)arator wliicli allows the solvent to be 
recovered and returned to the storage tank, and 
thence, automatically, to the extractor. 

The heating is continued in this way until the 
condensed solvent is free, or practically free, 
from water, when extraction is assumed to bo 
complete. The steam is then turned off, and 
the fat, together with the remaining solvent, is 
drawn off from the bottom of the e.xtractor into 
a still for the recover}’- of the solvent. 

The bones arc then washed once or twice with 
the solvent, to remove from them as much as 
possible of the adhering fat. These washings 
are also drawn into the still, and high pressure 
steam from the wet steam coils is then blown 
into the extractors to completelj’’ expel all the 
solvent. This is continued until the con- 
densate is all M’ator, when the e.xtractors are 
opened to admit a circulation of air for dr 3 'ing 
the bones. The whole operation takes about 
12 hours. 

The fat obtained by this method is, as a rule, 
highly coloured, and is kno^vn commercially as 
“ benzine bone grease.” It is freed from dirt, 
.if necessary, by heating with hot water and 
settling, and is then run into barrels. It con- 
tains about 98% of fatty matter and is used for 
soap, candle, gl 3 ’cerin, and if made from fresh 
bones, for margarine making. 

The bones are raked out, conveyed to a 
cleanser, consisting of a rotating cyhndrical wire 
gauze sifter, where they are “ pohshed ” and all 
small particles of adhering tissues removed. 
The “ polished ” bones should be free from smell 
and not contain more than 0’26% of fat. In 
many works the extraction of the glue is carried 
out without subjecting them to any further 
preliminary treatment ; in others they are sub- 
jected to maceration either in dilute alkali or 
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dilute acids. The acid treatment, for which 
dilute solutions of sulphurous acid are used, is 
supposed to facilitate the extraction of the glue, 
eausing a slight decalcification on the surface 
of the bone, while an alkahne treatment, either 
■noth milk of Hme or dilute soda, has for its object 
the removal of substances which by. their 
presence impair the properties of the glue. 
These substances occur always in the coimective 
tissue of various organs, and belong to the 
chondroproteins ; in the case of bones this 
chondroprotein is called osseo-mucoid and was 
isolated in notable quantities for the first time 
by Hawk and Gies (Amer. J. Physiol. 1901, 5, 
388). - 

The extraction of glue from the “ pohshed ” 
bones is carried out in pressure tanks, commonly 
called “ digesters.” These are steel cylinders 
with convex ends, having a large manhole at 
the bottom for the removal of the spent material 
and a hinged Hd for the charge. I 

Before the extraction, steam is blown through j 
the bones in order to further clean them and to ; 
remove any trace of adhering solvent. When 
the digester is filled with steam, the steam outlet 
is closed and the pressure allowed to increase to 
the desired extent. Both the pressure and the 
time for which it is maintained vary in different 
works ; in some, pressure and vacuum are 
appHed alternately in order to ensure better 
penetration of the water and thus give more con- 
centrated liquors. 

When the pressure in the “ digester ” has 
been released, water preheated to 100-110°0. 
{212-230°F.) is run in to eS:ect the extraction 
of the glue. As in the case of hide glues, several 
“ runs ” are made, each yielding glue of a 
different grade. 

Teeatmekt oe Glue Liquohs. — ^The liquors, 
either from hides or from bones, contain sus- 
pended fine materials. Several methods have 
been suggested for their elimination. In many 
works glue liquors are clarified by standing in 
tanks, kept warm by steam coils, here the dirt 
settles and the grease that comes to the surface is 
skimmed off. Not all glue liquors can be filtered 
bright; the protective action of the gelatin 
itself is a hindrance to a good filtration. Puller’s 
earth, charcoal and alumina have been recom- 
mended as filtering media, but the best results 
are obtained with cellulose. Cellulose, being 
slightly electronegative to water, holds the 
electropositive particles without adsorbing the 
glue, but in order to obtain a good filtration it is 
necessary to pack the cellulose loosely. Filter 
presses therefore prove to be useless and gravity 
filters should be used instead. 

. Many manufacturers prefer precipitating the 
euspended material by producing a colloidal 
coagulation in the glue liquor, which can collect 
and hold the suspended particles; albumin is 
added, for instance, to a comparatively cool 
liquor, and the temperature gradually raised 
until coagulation takes place. The hquor is 
then allowed to stand for the separation of the 
coagulum, and the clear portion siphoned off and 
filtered. Instead of albumin, blood is fre- 
quently used, or, in many cases, inorganic pre- 
cipitants such as alum or acids which form in- 
soluble salts with the alkaline earths. 


The clarified glue liquors are then evaporated 
to the necessary coneentration in vacuum pans, 
e.g. the Yaryan evaporator (u. Vol. IV, 409d). 

Many glues have a strong tendency to foam 
when heated in vacuo-, the addition of soaps 
{e.g. aluminium soap) or of tallow will, by alter- 
ing the surface tension, decrease very markedly 
this tendency, but at the same time render the' 
finished product useless for certain purposes. 

After evaporation, the glue liquors before 
settling are bleached, if necessary, by treat- 
ment with sulphur dioxide, which is introduced 
through perforated pipes into the liquors 
contained in lead-fined tanks and kept liquid 
by steam coils. When the required shade 
has been reached, the liquors are ready for 
jellying and are rmi into wooden or galvanised 
iron troughs about 5 ft. long by 9 iu. 
deep and 15 in. wide and allowed to cool. 
Great care is taken to keep these coolers free 
from putrefactive bacteria and they are fre- 
quently washed with sulphurous acid solution or 
fresh milk of lime. When set, the mass is 
removed and cut by a “ wire knife ” into sheets 
of suitable thickness, or the liquors may be run 
into shallow trays and the slabs cut to the 
required size. In modem practice many glues 
are prepared in the form of beads or flakes by 
running the glue liquor into a suitable liquid, 
and a preservative is generally incorporated. 

The drying operation which follows requires 
very great care ; artificial heat cannot be used, 
since the melting-point of the jelly is frequently 
not above 25°0. and in hot, and especially in 
thimdery weather, it sometimes melts. Bacterial 
contamination often causes bubbles in the 
interior of the. cakes. For these reasons the 
glue is often concentrated in the Yaryan or 
“ Cfimbing Film ” type of evaporator until it 
will set to a firm cake when run on to glass 
plates previously waxed or rubbed with ox-gall 
to prevent adhesion. Otherwise, the glue slices 
or “ cakes ” are laid out upon frames of gal- 
vanised wire and transferred to the drying 
timnels, so constructed as to receive trucks each 
stacked with a number of frames. 

The tuimels are of varying length, and air is 
blown through them in counter-current flow to 
the direction of the progress of the trucks. This 
exposes the first trucks carrying nearly dry glue 
to the driest air, while trucks with cakes from 
successive batches of glue and therefore only 
partially dry are exposed to cooler air practically 
saturated with water vapour. By this method 
the too rapid drying of the surface 'of the glue 
cake is avoided (case-hardening). 

Steam coils and humidifiem are provided at 
the intake of the air duct and the temperature 
and relative humidity are carefully controlled 
by wet- and dry-bulb thermometers, or auto- 
matically in modem plant, throughout the 
drying ; if possible, the air blown into the drying 
tunnels should be filtered, as even tmder the 
best conditions the amount of dust and accom- 
panying bacteria deposited on the glue by the 
air-current is considerable. 

A properly dried glue should' contain from 
12 to 18% of moisture. Many properties of the 
fimshed product depend on this hygroscopic 
moisture; a dehydrated glue has a low tensile 
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strength, while a damp glue lins had Icceping 
qunh'tics. 

Ossem . — ^This is a preparation obtained by 
treating the fat-freed bones witli dilute mineral 
acids, when the phosphates, carbonates and 
soluble salts are removed. The residue consists 
of the glue-forming ingredients and is put on the 
market in a drj' state for the manufacture of 
gelatin. 

(c) Fish Glue. — The waste products of the iish 
industry give fi.sh glue, which is the most im- 
portant liquid glue. The raw materials are the 
skins (especially those of soles and plaice), the 
bladders of various Ssh and,- chieflj', all varieties 
of fish offal. The quality of the glue jircparcd 
from ground fish such as' cod, haddock, hake, 
etc., is higher and the yield is greater than in 
the case of glue made from most other fish, c.ff. 
menhaden. Fish such as mackerel and herring 
contain large quantities of oil. The offal is 
carried bj’ conveyors to a series of washing tanks 
placed overhead and thoroughly washed until 
the water contains a low percentage of chlorides. 
It then falls by gravitation into the digesters 
and is covered with water and heated with 
live steam. The length of the conking varies 
with the nature of the glue stock. Usuallj* the 
liquor formed by coolung the stock is drarni 
off when it becomes sufficiently concentrated 
and a second run of inferior glue liquor is 
obtained. The oil is skimmed off and 0'5-8-0% 
of preservative such as phenol, crcsol or boric 
acid is added because bacterial growth would 
cause rapid decomposition. After straining, the 
liquors are evaporated to a uniform viscosity, 
and a sufficient quantity of some essential oil, 
dissolved in ethyl alcohol, is added to prevent 
mould-growth and to mask the fishy odour. 
Some fish glues are made opaque by means of a 
white pigment, such as zinc white, whilst others 
are bleached with sulphurous acid. 

Fish glue is usually marketed as a hqiud glue, 
which differs from hide and bone glues in con- 
sisting chiefly of proteoses and peptones and 
being soluble in water at IS^C. It is very 
adhesive but should not contain more than 0-2% 
of sodium chloride as othenviso it gives joints 
which will weaken in humid weather. It should 
be slightly acid to phenolphthalein. The best 
way of comparing different samiilcs is to com- 
pare the times of drying and the hardness of 
the dried films produced in a room at 20°C. 
and 20% relative humidity. 

Isinglass . — See 'under Gelatin. 

Glue Size may be considered as a by-product, 
since it usually consists of the crude glue liquors 
which are the product of the third or fourth 
extraction of the raw material, and, if dried, 
would yield & glue of inferior quality. 

Size is usually treated with sulphur dioxide to 
improve its colour and its keeping power. Zinc 
sulphate or boric acid is often added as a pre- 
servative, and when sold it usually contains 
about 25-38% of glue. 

Concentrated Size consists of ground glue, 
prepared from cakes of inferior shade and 
quality. 

Coloured or Opaque Glues are made by 
the addition of a small quantity of some pigment, 
or finely ground chalk or whiting. 


ClIEMISTRY AND FllOl’ERTIES OF GlDE. 

The products yielded by the hydrolysis of 
collagens may bo divided into three groups : 

(1) Gelatin {q.v .). — ^This is the first hydrolytic 
product. The commercial varieties are flexible 
and horny in the air-dry condition, when they 
contain 8-15% of water. When precipitated 
from alcohol or by salts, gelatin is pure white 
and nearly water-free. It is soluble in glacial 
acetic acid (such solutions being made use of 
in the familiar Diamond Cement” and ” Secco- 
Imc ”). In cold water it swells to a transparent 
jelly which melts at temperatures from 30 to 
40°C. giving a solution of gelatin which sets 
again on cooling if the concentration is above 
1%. To avoid further hydrolysis in dissolving 
gelatin, the temperature must not exceed 50°C. 
and a solution heated above 70°C. M'ill not 
return to its original state. The melting-point 
varies very considerably with the quality of the 
gelatin, but is little affected by concentration 
between 5 and 10%. A 10% jcllj' of best hard 
gelatin melts at about 38°C. but the melting 
point is raised by various salts, such ns alum, 
chrome alum and basic chromium salts, which 
react with it chemically. 

Commercial gelatins contain gelatoscs and 
peptones, often in considerable quantities, and 
the protein chondrin is probably also present. 
Even the best French gelatin contains peptone. 
Boguc (“ Chcmistr 3 " and Technology of Gelatin 
and Glue,” Now York, 1922, p. 28) gives the 
following percentages : 



Protein 

nitro- 

gen. 

Pro- 

teose 

nitro- 

gen. 

Pep- 

tone 

nitro- 

gen. 

Amino- 

acid 

nitro- 

gen. 

Russian isinglass . 

91-0 

4-4 

4-6 

0-1 

Edible gelatin 

87-8 

11-3 

0-7 

0-2 

Hide glue . 

84-6 

12-4 

2-G 

0-4 


62-0 

38-0 

8-4 

0-9 

Bone glue . 

73-5 

16>4 

8-1 

2-0 


31-5 

60-G 

14-8 

3-0 

Peptone . 

0-0 

33-2 

48'5 

18-3 


The chemical distinction between gelatin and 
glue is merely one of purity. Commercially a 
gelatin differs only from a glue in that the former 
is a very high grade product, is of high jelly 
strength, is light in colour, gives solutions that 
are reasonably clear and contains relatively less 
degradation products, see table. 

Dry distillation of gelatin yields water and a 
dark thick oil, similar to Dippel’s Oil, containing 
pyridine bases, aniline, etc. Formaldehyde, 
when added to gelatin in solution, solidifies it 
and renders it insoluble even in hot water. 
8% of formaldehyde gives the maximum effect. 
This property has been utilised in waterproofing 
and in the production of the long extinct 
Vandura silk (i>. Vol. V, 1166). 

(2) Chondrin (v. Gelatin, Vol. V, 609d). — 
Tins horny substance, very similar to gelatin, is 
contained in most glues, but differs in being 
precipitated from its solutions by nearly all 
acids, though usually soluble in excess. It is 
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distinguished by gi^^ng, like mucin, a precipitate 
with acetic acid. It may be detected by adding 
a saturated solution of chrome alum to^ a 
10% solution of the suspected gelatin, which 
will gelatinise while still hot if chondrin is 
present in injurious quantity. Many salts, such 
as alum, lead acetate and iron salts also precipi- 
tate it. Its gelatinising and adhesive powers 
are weaker than those of gelatin. 

(3) Mucin. — ^This name covers a number of 
slimy substances, which swell, but do not dis- 
solve in water. They are soluble in lime-water 
and are usually removed in the liming operation. 
They dissolve in 10% salt solutions, but are 
precipitated by more concentrated solutions. 
They are detected in glue by the addition of 
acetic acid which causes a precipitate. They 
are also thrown doum by alum. If left in the 
glue, they give rise to “ foaming,” and have 
little or no adhesive or gelatinising properties. 

Uses of Glue. — great variety of industries 
emploj^ glue in some form or other, e.g. in sizing 
textiles, papers, walls, canvas, etc., and in book- 
binding. It is also largely employed in joiner's 
w'ork, veneering, box-making, the making of 
matches, distempers, etc. 

infixed with glycerin, treacle or glucose it 
forms che compositions used as substitutes for 
rubber and for printing rollers, stamps, etc. 
ilixed with treacle or glycerin it is employed 
in making the familiar “ jellygraph.” 

It is also used in photography, and as gelatin 
it forms part of the raw materials of cookery. 

Glue Testexg. 

The facts that commercial glue is not a pure 
substance and that traces of impurities materially 
affect its properties make its testing difficult. 

The physical and chemical properties of glue 
depend on the nature of the raw material and 
on the methods of processing. It is not possible 
to draw up any simple tests which wiU evaluate 
completely the quality of a glue, or its suitability 
for a particular trade. If, however, the glue is 
made from a specific t 3 qje of raw material by a 
standard method of manufactrue, then the 
British Standard [Methods for testing Joiners’ 
Glues (British Standard No. 745 — 1937) and 
Bone, Skin and Fish Glues (British Standard, 
No. 647 — 1938) provide indications of the 
behaviour of the glue in use and may be taken 
as reliable criteria of quality. When more 
stringent specifications are required reference 
should be made to British Standards, Nos. 4 V 11, 
Dry Gelatine Glue; 5 V 10, Liquid and Jelly 
Gelatine Glues, Glues for Aircraft Purposes. 

The relative importance of the tests to be 
employed depends very largely on the purposes 
for which the glue is intended. For veneering 
and general joiner’s work, for book-binding and 
the like, a glue should have good joint-strength, 
little foam and good keeping qualities. It 
should also show a good jelly strength and be 
free from grease, or it may give uneven joints. 
The gummed paper and carton manufacturers 
are particularly interested in viscosity and foam, 
etc. The glue for use in the sizing of canvas and 
the like should show a good jelly strength and 
good tensile strength : foaming power and 
. grease are of less importance. For preparing 


distempers, the grease content should be low as 
it ma}’^ give rise to flecks; the keeping power 
should be'high, but the tensile strength and jelly 
strength are of less importance. It is not neces- 
sary in any particular case to employ’- all the 
■tests. In practice the consumer usually knows 
from his experience the most suitable type of 
glue for his purpose. The problem then reduces 
itself to checking those properties which are 
relevant. 

In testing glue the appearance should always 
be noted and the odour of a freshly prepared 
hot solution, which should not be objectionable. 
Jelly or liquid glues should be in the form of a 
jelly or viscous liquid, which, at the temperature 
stated by the maker, should, as supplied or 
after dilution with water, be of satisfactory con- 
sistence. The tests may be divided into two 
classes : physical tests upon some property, 
and chemical analysis for some constituent. 
The physical tests most commonly used are: 
(1) Jelly Strength, (2) Viscosity, (3) Melting- 
point, (4) Adhesive Strength, (5) Tensile 
Strength, (6) Keeping Quality, (7) Water Ab- 
sorption, and (8) Foam Test. The chemical 
analysis includes the determination of the 
following ; (1) Moisture Content, (2) Pveaction 
(3) Grease, (4) Ash, (6) Chloride, and 
(6) Sulphur Dioxide. 

The question of the samphng is 'one of prime 
importance. It is necessary to sample each 
container in a delivery if this consists of 5 or 
less. For larger deliveries of 6-50, 51-100, 
101-500, and 501-1,000 the numbers are 5, 10, 
15 and 20 respectively. The liquid sample is 
taken by a sampling tube, scoop or similar tool. 
Pieces are broken up or ground by hand in an 
iron mortar, and quartered to give a final 2 lb. 
sample. 

(1) Jelly Strength . — ^As a general index to 
quality the jelly strength and/or viscosity are 
usually ihcluded. In testing the former, the 
glue solutions are arranged in order of merit by 
comparing the resiliency of their jellies as ascer- 
tained by the pressure of the finger tips. In the 
British Standard method, the sample is com- 
pared with an agreed standard sample under 
similar conditions. According to the grade of 
the powdered sample 5, 7-5 or 10 g. are -u’eighed 
into a 150 c.c. beaker and 50 c.c. of cold distilled 
water added. The glue is allowed to soak imtil 
completely s-u’oUen, the beaker heated on a 
water-bath for 10 minutes during which the 
glue is aU dissolved at not above 60°C. by con- 
stantly stirring. The glue liquor is poured 
immediately into a Chinese ointment-jar (in- 
ternal measurements 1|^ in. x 2^ in.) and the 
celluloid cap put on after 2 minutes. It is 
kept for 16 hours at 15°C. and the jelly is com- 
pared with that of the agreed sample by pressure 
■with the finger. 

The testing of the comparative consistencies of 
jelhes by measuring their capacities for bearing 
■weights was originally suggested by Lipo-witz 
(Neue Chem.-Tech. Unters. Berlin, 1861, 37). 
His scheme has formed the basis of many 
methods proposed from time to time ; amongst 
them those suggested by E. tS. Smith (U.S.P- 
911277) and by Alexander (U.S.P. 882731) may 
be mentioned as they tend to overcome the 
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error 'wliich ahvnys attends tlio breaking or 
compression of a jelly, due to the formation of n 
“ skin ” at the surface. 

Sheppard, Siveot and Scott (Ind. Eng. Chom. 
1920, 12, 1007 ; J. Amci‘. Chem. Soc. 1921, 43, 
539) at the laboratories of the Eastman Kodak 
Co. have developed an apparatus in which 
cylinders of gelatin jelly are submitted to 
torsional stress. This method is scientific and 
capable of giving absolute results, but has not 
been adopted in industrial practice. 

Another method, whereby reliable compara- 
tive results may be obtained, consists in deter- 
mining the jelh’ strength b}' means of a balance 
provided with a pan at one end of the beam and 
a counterpoise at the other. At the bottom 
of the pan is soldered a rod on which is fixed 
a steel ball of standard diameter. The glue 
jelly is prepared bj' weighing 1-5 g. of the glue 
to be tested in a small glass cylinder (10-15 mm. 
diameter) graduated to 15 c.c. at 15°C. Water 
is added and the glue allowed to soak overnight. 
The volume is then made up to 15 c.c., the glass 
cylinder gradually warmed on a water-bath, and 
the contents stirred until all the glue goes into 
solution. A few drops of toluene are added to 
prevent the formation of a “ skin ” and the 
solution is allowed to cool slowly. The cjdinder 
is then placed in a cold chamber the temperature 
of which should not go below 1® or 2°C. After 
the lapse of 3 or 4 hours the cjdinder is placed 
under the plunger and the balance adjusted to 
zero by means of tlio counterpoise, wiulc the 
steel ball just touches the jelly. The height of 
the plunger can be adjusted if necessary. 
Weights arc then slowly added to the pan until 
a pointer has indicated an arbitrarilj' fixed 
deflection. A comparison is made with a jollj’’ 
prepared at the some time with purified gelatin 
or an accepted standard glue. 

Where there is no agreed sample glue for com- 
parison the B.S.I. have adopted the Bloom jelly 
strength tester (Ind. Eng. Chem. [Anal.], 1930, 
2, 34; British Standard No. G47 — 1938). An 
extra-widc-mouthed test bottle is used of 155 c.c. 
capacity, 59 mm. internal diameter and 06 mm. 
outside diameter and 85 mm. height overall. 
A tapered rubber stopper noth a base diameter 
of 42-45 mm. is cut in half and the upper 
portion centrally perforated by means of a red 
hot 2-5 cm. brad. The upper half of the stopper 
is used to obtain a snug fit in the neck of the 
bottle and tbe air vent prevents the stopper 
from being blown out during the melting and 
heating of the sample. 15 g. of the sample are 
put in the test bottle and 105 c.c. of distilled 
water at 15°C. added whilst stirring. It is 
allowed to soak overnight at 10-1 5®C. The 
bottle is placed for a few minutes in water at 
20-30°C. to prevent cracking before putting it 
into the melting bath below 70°C., where it is 
brought to 62°C. in less than 15 minutes. After 
closing the bottle with the stopper, now carrying 
a thermometer, and before reaching 62°C., the 
solution is made uniform by swirling the bottle. 
The bottle is then kept at 10±1°C. for 16-18 
hours. The determination of jelly strength is 
made with the Bloom gelometer, adjusted to 
give a 4 mm. depression and to deliver shot at 
the rate of 200 g. per 5 seconds. The results are 


expressed in grams required to produce the 
4 mm. depression. 

(2) Viscosity . — This has always been con- 
sidered, by both nianufacturers and users, ns an 
important test in the evaluation of a gelatin or 
glue. In the British Standard method, 105 c.c. 
of cold, distilled water are added to 15 g. of the 
glue in a corked flask. After standing 2 hours, 
it is placed for 10 minutes in a water- bath at 
65°C., dissolution being aided by gentle stirring. 
The flask is cooled to 40®C. and placed in a 
thermostat at 40±1°C. for ^ hour. The liquid 
is then poured through a funnel, loosely plugged 
noth cotton wool, into a British Standard U-Tubo 
Viscometer (B.S. 188 — 1937) and allowed to 
stand for hour before taking the measurement. 
It is essential that the time of efflux .shordd bo 
within the accurate range of the instrument 
chosen, which -(vill be usually No. 2 or No. 3, 
and that the instructions given in the Specifi- 
cation be adhered to. In making up a solution, 
and in order to obtain comparable results, the 
percentage of moisture contained in the sample 
must be taken into consideration. The percent- 
age composition of the solution should always 
refer to the dry \\-cight of glue. The results are 
expressed as tlio viscosity in centipoises of the 
glue at a concentration of 12'5% by weight and 
a temperature of 40°C. 

The viscosity of a gelatin (or glue) solution 
varies with keeping : the change in viscositj’’ 
which takes place when a gelatin solution is kept 
at a lower temperature after being heated for a 
short time at 100° is shown by the following 
figures (water=l): 


Viscosity at; 

' 

After licating for : 


5 inlns.j 

10 mills. 

15mins. 

30 mins. 

60 rains. 

21° . 

1-83 

2-10 

2-45 

4-13 

13-76 

24-8° . 

1-65 

1-69 

1-74 

1-80 

1-30 

31° . . 

1-41 

1-41 

1-42 

1-43 

1-42 

t 


If the heating is prolonged, as would be the 
case in commercial practice, the viscosity 
reaches a minimum and constant value. This is 
duo to an irreversible change, that is, to a de- 
composition of the gelatin. 

It follows that the temperature at which the 
viscosity of a gelatin solution is determined is 
of very great importance. Von Schroeder, in 
his important work on the' viscosity of gelatin 
solutions (Z. physikal. Chem. 1903, 45, T5), 
showed that at a temperature of 31°C. (see table) 
the viscosity does not alter over a period of 1 
hour, thus indicating the approach to some land 
of equihbrium. C. R. Smith (J. Amer. Chem. 
Soc. 1919, 41, 135) and, later, Bogue (ibid. 1922, 
44, 1313) found that at a temperature of 32-35° 
the gel form could not exist, and that no 
evidence of plastic flow could be observed above 
this temperature, which should therefore be used 
for viscosity readings of a 10% gelatin (or glue) 
solution. 

(3) Meltinq-Point . — The melting-point of a 
glue is intimately correlated with its jelly 
strength and viscosity. It depends upon the 
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percentages of pore gelatin and gelatin degrada- 
tion prodoets it contains. The greater the 
concentration of gelatin the higher mil be the 
melting-point ; the greater the amount of 
degradation products the lower will be the value 
found. 

2.1any methods have been suggested for the 
measurement of the melting point, hnt most 
of them mil only give approximate results. 
The method descrihed by Cambon {.J.S.C.I. 
1907, 26, 703) has been used in the British 
Standard Xo. 647, 1938. The apparatus con- 
sists of a brass bovrl 22 mm. in height, 17 mm. 
external diameter at the top and 15 mm. at the 
bottom. It should weigh exactly 7 g. Into this 
fits loosely a glass rod 40 mm. long and 3 mm. in 
diameter, which is flattened at one end to a disc 
of 9 mm. diameter and fashioned at the other end 
into a hook. 15 g. of the powdered sample are 
pdaced in a beaker with 105 c.c. of cold, distflled 
water, allowed to stand for 2 hours, placed on a 
water-bath and maintained at 50'^C, for 10 
minutes, dissolution being aided by gentle stir- 
ring. The glue liquor is then poured into the 
bowl, the rod inserted to the base of the bowl and 
mamtained in an upright position for IG hours in 
a thermostat at lO'C. The cup is then totally 
immersed and suspended by the glass rod in a 
beaker of water at 15‘C. placed in a water-bath 
at 20'C. The water in the latter is heated so that 
the temperature of the water in the beaker rises 
at the rate of exa ctly ^-®C. per minute. The tem- 
perature of the water in the beaker at which the 
bowl falls from the rod is taken as the melting- 
point. 

Eeferences to other methods which have been ^ 
suggested are Chercheffsld’s (Chem.-Ztg. 1901, i 
25, 413) ; Kissh'ng's (Z. angew. Chem. 1903, 17, 
398) ; Smith's (J- Amer. Chem. Soc. 1919, 41, 
MG); and the one described by STieppard and 
Sweet (Ind. Eng. Chem. 1921, 13, 42.3), which 
is very accurate, but necessitates the use of 
a comph'cated apparatus. The Aeronautical 
Inspection Directorate, however, have sug- 
gested another method, which is simpler and 
equally accurate. A 20% glue solution is 
poured into a U-tuhe, which is then placed in 
cold water to allow the glue or gelatin to set 
pwoperly. One end of the D-tuhe is con n ected 
through a T-piece to a gauge and suitable means 
to obtain a pressure head of G in. of water, the 
connections being air-tight. The D-tube is then 
immersed in a beaker of water wluch is heated 
gradual!^’ by means of a micTo-bumer. The 
temperatnre at which the glue melts is indicated 
by the fall of the meniscus in the pressure gauge. 

(4) Adhesive Slrcngth . — a glue has to be 
used as a binding agent in joint or veneer work, 
the main test is its adhesive strength. 

This property of glues has been studied ex- 
tensively by Douglas and Pettifor on behalf 
of the Adhesives Research C-ommitlee and their 
valuable work is summarised in Appendix 1 of the 
Third Report of the Committee (H.?iLS.0. 1932). 
They recommend the use of the simple lap joint, 
alrcady sugec-rfed in 1916 by the Aeronautical 
Inspection Directorate, and give the procedure 
to he followed in order to obtain the minimum of 
vnnstion in the test results. Their work leads 
to the conclusion that the strength of a common 


glued wood joint depends upon two factors: 
(1) Mechanical embedding, and (2) Specific 
adhesion. Of these the greater emphasis should 
be laid on (1). The British Standard defines 
joint- strength in sheaf as the load required to 
break a walnut overlap joint, when determined 
by the specified method. This value should not 
be less than 1,000 Ih. per sq. in. for joiner's glues 
whether cake, powder, liquid or jelly. Eor the 
determination, the glue liquor is prepared by 
soaking 10 g. of the sample in 15 c.c. of cold, 
distilled water in a beaker for 2 hours and 
melting on a water-bath for 10 minutes at not 
above 60"C. Liquid and jelly glues are tested 
at the original concentration. The test pieces 
are made from two slips of carefully selected, 
straight-grained, dry, black American walnut 
and are 44 in. x -f-in. x 1 in. The 1 in. face must 
lie in a tangentiM direction to the grain and the 
44 in- length must be approximately parallel to 
the longitudinal direction, but shall preferably 
make a small angle of 3° with the grain. The two 
parts of the test-piece are assembled so that the 
grain tends to run throngh the joint from one 
piece of wood to the other. The overlapping 
I surfaces are toothed by hand with a sharp, fine 
! toothing-plane having 20-25 teeth per inch. 
The glue is applied with the finger, avoiding 
air bubbles, to one surface of each of two test 
slips at ordinary air temperature, which must not 
be below lO'C. When the surface of the glue 
has become tacky, the surfaces are placed to- 
gether without rubbing, so as to produce a 1 in. 
overlap joint. Six of these test-pieces are made. 
They are clamped immediately after closure of 
the joint in a suitable press under a pressure of 
200 lb, per sq. in. for 16-20 hours, and are then 
conditioned at 12-24®C. at 50-75% R.H. for 72 
hours. The pieces are put into an approved test- 
ing machine with the grips 4 in. apart and 
arranged so that the load is applied in the plane 
of the unstrained joint. The load is apph'ed 
uniformly at the rate of about 1,500 lb. per 
minute. The total load required to break a joint 
is regarded as the strength of the joint and the 
average of six is taken, an experimental error of 
5% being allowable in the mean figure. 

(5) Tensile Strength . — It has been shown by 
iIcBain and Hopkins (Second Report Adhesives 
Research Committee) that it is possible to obtain 
a measure of the strength of the glue itself hj* 
tensile strength measurements and to study other 
properties such as adaptation to volume change 
consequent upon setting, shrinking, ability to 
withstand impact or actual bending, the efiect of 
humidity, etc. 

Uniform glue films are obtained (Lee, Ind. Eng. 
Chem. 1930, 22, 778) by pouring the necessary 
amount of a 20 or 30% glue solution on a highly 
polished Bakelite plate accurately levelled. The 
film, when diu’, can he easily removed and cut 
into the required shape of test-piece. McBain 
and Hoplnns (i.c.) state that it is necessary to 
rehumidify the film before cutting in order to 
prevent it from splitting. The approved type 
j of test-piece consist s of a straight strip, the long 
i sides of which can he cut with one stroke of the 
scissors, thereby minimising the possihiliU' of 
snipping the edge-s. Tlie ends of the test-piece 
i ere reinforced with paper and fixed in the grips 
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of a Schoppcr dynamometer of the xicndulum 
type. The grips are Bupported-on a horizontal 
knife edge, and tlio load is applied nnifonnlj' 
and at a rate which can be determined. 

The test strip should bo bent backwards and 
forwards several times before the tensile strength 
is measured, and the result compared with that 
of another test strip whieh has not been sub- 
jected to previous bending. 

(G) Keeping Quality . — ^This is intended siniplj' 
as an index of the behaviotir of the glue in 
practice and is not to bo taken ns a substitute 
for a more comjdeto bactcriologic.al examination. 
The cake or powdered varieties of joiner’s glues 
should retain their projicrtics for at least 12 
months when stored in a cool, dry place. The 
period vith jelly or liquid glues is agreed on by 
the purchaser and vendor. In the Eritish 
Standard method of determination, o g. of the 
powdered sample are soaked in 20 c.c. of cold 
distilled water until completely swollen. It is 
then heated on a Avatcr-bath until dissolution is 
completed, and transferred lo a E.S. Petri Dish 
(B.S. Gll), 94 mm. diameter. It is covered and 
placed in an incubator maintained .at 40'’C., 
taken out after each 24 hours and cooled for 
inspection. The iJcriods arc noted when lique- 
faction, putrefaction or moulds occur. 

(7) U’atcr Absorption . — The behaviour of glue 
Avhen immersed in water at 18-20°O. for 24 hoJirs 
is a useful criterion of its quality. Generallj’ 
speaking, the greater the water absorption the 
bettor the glue, provided that the cake docs not 
break and remains firm. Fine bone and skin 
glues increase in weight about 8-11 timc.s, 
common glues about 5 times, but a bad glue will 
pass entirely into solution. In the British 
Standard Specification, Avatcr absorption is 
defined as the proportion of water absorbed by 
a powder retained on a iV U.S. test sieve 
and passing through a in. B.S. sieve. 10 g. 
of the poAvder are AA'cighed into a 300 c.c. squat 
beaker containing 100 c.c. cold distilled AA-ater. 
It is kept for IG hours at 10°C. with occasional 
stirring. The supernatant Avater is then poured 
off through a funnel fitted Avith a strainer of 
stretched damp muslin of aboAit -jV in. mesh. 
The quantity of water passing through the funnel 
in 5 minutes is measured. The difference be- 
tween this figure and 100 is the Avater absorbed 
by 10 g. of the glue. 

(8) Foam Determination . — The peptones pre- 
sent in glue increase its tendency to foam and 
this test is of interest AA’licn the glue is to be 
applied by special machines. In the British 
Standard method for foam determination, 6 g. 
of the poAvdered sample are alloAved to' soak in 
50 c.c. of cold distilled Avater in a beaker until 
completely sAVollen. The beaker is boated in a 
AA’atcr-bath to not above G0°C. until dissolution 
is completed. 60 c.c. is poured into a 100 c.c. 
stoppered cylinder (diameter 32 mm. ±2 mm.) 
The internal height to graduation mark is 
15d;0’5 cm. and to the shoulder is 23i0-5 cm., 
and the air space above the graduations corre- 
sponds to 60 c.c.±2 c.c. This is placed in a 
Avater-bath at for 1 hour. The cylinder is 
then shaken vrigorously Avith a throAV of about 
12 in. at a rate of 3 shakes per second for 1 
minute. It is replaced in the water-bath at 


45°C. and left until tho height of the liquor 
corresponds to 45 c.c. Tho time taken for this 
45 c.c. nioni.«ciis to form and the volume in c.c. 
of the foam aboA'c tho liquid arc reported. 

Chemical Analysis. — ^Thc foUoAving points and 
further determinations 7na3’’ bo added to those 
described under GKr-ATiN (q.v.). 

(1) Afoislnrc Content. — Glues contain 12-18%, 
and a figure of 18% is tho limit AA’ith cake or 
poAA’der joiner’s ghics. A verj' Ioav result is not 
desirable, ns it shoAvs that the glue has been over- 
dried and hn.s little tenneitj’, AA’hilo a high result 
throAvs doubt on its keeping qualit}'. 

(2) Itcaction [pn)- — ^This should bo from 6-0 
to 8-5 for cake or poAA'dcr glues and bctAA’cen 
4-0 ajid S O. for jcll.y or liquid glues. Free acid 
can bo determined dircctlj’’ bj’^ titrating to 
phenol phthalein. 

(3) Grease. — Onlj' a negligible amount should 
ho present. 

(4) Afl/i. — The ash content of good glues A’aries 
from 1-5 to 3-0%. Some bone glues contain 
considerable quantities of calcium phosphate, 
Avhile hide glues are apt to contain calcium sul- 
phate or chloride resulting from tho neutrali- 
sation of the lime used in preparing the stock, 
and arc frcquentl 3 ’ alkaline, due to tho presence 
of lime. Various Avhitening agents, such ns zinc 
Oxide, lead sulphate or carbonate, chalk, clay, 
etc., may be present. Glues AA'cighted AAfth 
hnr 3 ’tcs, etc., and some coloured glues also 5 ’'icld 
high n.sh wcight.s. 

(5) Chloride. — ^Thc chloride content is one 
index of tho behaviour under various atmo- 
spherio conditions. It should not exceed 2% 
(ns NnCI) in joiner's solid glues. 6 g. of tho 
poAvdered sam])lc are Aveighed into a nickel or 
platinum basin and 10 c.c. of cold, distilled 
Avater added. After soaking for 1 hour, it is 
heated on a Avntcr-bath until dissoh’cd and 
6 g. of pure lime added. After dr 3 dng on a 
stcam-balh and ignition so that tho sample is 
completcl 3 '' ashed, the residue is extracted by 
boiling rapidly AA'ith small quantities of water and 
the salt determined b3' neutralising AA'ith acetic 
acid and titrating AA'ith NjlO AgNOg. 

(G) Stilphnr Dioxide. — ^This is important when 
the glue is being used for sizing coloured paper, 
textiles or artificial silk. 27-5 g. of the poAvdered 
sample are Avoighed into a 1 -litre round-bottomed 
distillation flask. 300 c.c. of distilled Avater con- 
taining fig. of phosphoric acid {d 1'7) are added 
and the flask is connected by a bent glass tube 
fitted AA’ith 2 bulbs to a glass condenser, to the 
exit of Avhich a “ B.A.B.” bubbler is fixed. 
26 c.c. of N/2 iodine solution are placed in a 
recemng flask. Pure COg is bubbled through 
the contents of tho distillation flask throughout 
tho determination. Tho distillation flask is smr- 
rounded by a AA’ater-bath and heated until the 
glue is dissolved. Tho flask is then heated 
directly until 200 c.c. of distillate have been 
collected. The distillate is acidified Avith 6 c.c. 
cone. HCI, evaporated to 75 c.c. and filtered. 
Tho filtered solution is heated to boiling, 10 c.c. 
of O’GiVBaCla solution added sloAvly and allowed 
to stand overnight. It is then filtered through 
an ashless filter-paper, Avhich is washed Avith 
hot distilled Avater and ashed. Tho percentage 
SOg is calculated from the Aveight of barium 
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sulphate. Blank determinations should he made 
on the chemicals used with the same rubber 
stoppers and COg apparatus. 

(7) Gelatin. — ^Many tests have been devised 
for determining the gelatin contents of glues, 
such as precipitation with zinc sulphate and 
estimating the nitrogen in the precipitate, 
precipitation vdth tannic acid, etc., but the 3 ^ 
are all untrustworthy. Possibly the formal- 
defaj'^de titration {see Gelatijt, Vol. V, 507a) 
gives the most reliable information. 

Bibliography. — Lambert, “ Glue, Gelatine and 
their Alhed Products,” London, 1905; Eern- 
bach, “ Glues and Gelatine,” New York, 1907 ; 
Pvideal, “ Glue and Glue Testing,” London, 1914 ; 
Deports of Adhesives Research Committee, Lon- 
don, 1922-32 ; Bogue, “ Chemistry and Techno- 
logy of Gelatine and Glue,” New York, 1922; 
Thiele, “Leim und Gelatine,” Leipzig, 1922; 
Procter, “ Principles of Leather Manufacture,” 
2nd ed. London, 1922 ; Alexander, “ Glue and 
Gelatine,” New York, 1923; Sheppard, “Gelatin 
in Photography,” New York, 1923 ; Cambon, 
“ Fabrication des coUes et gelatines,” Paris, 
1923 ; Gemgross und Goebel, “ Chemie und 
Technologie der Leim- undGelatine-fabrikation,” 
Dresden and Leipzig, 1931; Stadlinger, “Die 
Leimfibel,” Berlin, 1929; Sauer, “Leim und 
Gelatine,” Steinkopff, 1927 ; Smith, “ Glue and 
Gelatine,” London, 1929. 

Extensive bibliographies on glue are given 
bj’’ R. Ditmar (Kolloid-Z. 1900, 1, 80), R. H. 
Bogue (Chem. Met. Eng. 1920, 23, No. 5), and 
W. Simon {ibid. 1938, 84, 101). 

D. B. 

“ GLUSIDE ” {v. Vol. IV, 28d). 

GLUTACON IC ACID. Propene-ay-dicar- 
boxylic acid, HOgC-CHrCH-CHg’COgH, is 
best prepared bj' one of two methods. In the 
first of them, due to Conrad and Guthzeit 
(Annalen, 1883, 222, 249), chloroform is con- 
densed with ethyl disodiomalonate and the result- 
ing yellow sodium compound decomposed with 
dilute hydrochloric acid, yielding ethyl ay- 
dicarbethoxyglutaconate, which is then hydro- 
lysed and decarboxylated to glutaconic acid by 
means of strong hydrochloric acid : 

CHCIg-f 2CH2(C02Et)2 

(C02Et)2CH-CH:C(C02Et)2 

(C02Et)2CH-CH;C(C02Et)2 

H02CCH2CH:CHC02H 

In the second, more recent, method (Grundmann, 
Ber. 1937, 70 [B], 1148) oxalocrotonic acid 
(readily obtained hy hjMrolysis of the con- 
densation product of ethyl oxalate and ethyl 
crotonate) is oxidised with warm 3% hydrogen 
peroxide ; 

C02H CH:CH-CH2 C0 C02H-f H 2 O 2 -> 

C02H-CH:CHCH2-C02H-bC02-f-H20 

The acid obtained by both of these methods has 
m.p. 138° and is now known to be the trans- 
acid : 

HCCOjH 


This acid, on treatment with acetyl chloride 
yields, not a normal anhydride, but the hydroxy- 
anhydride (m.p. 87-88°) : 

CH 

CH ^C(OH) 

II ■ I 

CH O 

CO 

hydrolysis of which, under ordinary conditions, 
yields only the trans-acid. Malachowski, how- 
ever {ibid. 1929, 62 [B], 1323) succeeded in 
preparing the cis-aeid, 

HC-COgH 

II 

HC-CHa-COgH 

by very careful hydrotysis of the hydroxy- 
anhydride. The cis,-Sicid, so obtained, melts at 
136°, but shows a considerable depression on 
admixture with the trans-acid and also differs 
from the latter in the rate with which it under-- 
goes isotopic exchange with deuterium oxide 
(Evans, Rydon and Briscoe, J.C.S. 1939, 1673); 
there is thus no doubt of the reality of the two 
stereoisomeric forms. 

Isomerism of the Glutaconic Acids . — ^The 
elucidation of the isomerism phenomena dis- 
played by glutaconic acid and its alkyl deriva- 
tives has played a great part in the development 
of modem views on tautomerism. 

Rogerson and Thorpe {ibid. 1905, 87, 1669, 
1685) showed that the two distinct esters 

Et02C-CMe(CN)-CMe:CH-C02Et 

and 

EtOgC-CH (CN)-CIVIe:CMe-C02Et 

gave, on hydrotysis, the same dimethylglutaconic 
iacid. This they interpreted as proving the 
identity of the two possible acids : 

H02C-CHMe-CMe:CH-C02H 
j3y-dimethylgIutaconic acid. 

and 

H02CCH2-CMe:CIVIeC02H 
aj3-dimethylglutaconic acid. 

A similar identity was found in the cases of a- 
and y-methyl- and the a-methyl-y-ethyl- and 
o-ethyl-y-methyl-glutaconic acids. These ob- 
servations were taken to imply the equivalence 
of the a- and y-positions in glutaconic acid (c/. 
the equivalence of the two o-positions in a 
mono-substituted benzene derivative). 

In addition to this peculiarity, the glutaconic 
acids showed other anomalous properties, viz. 
no stereoisomeric forms w'ere known (in 1905), 
geometrical isomers having been sought for 
Avithout success ; they also shownd anomalous 
addition reactions, and they formed hydroxy- 
anhydrides instead of normal anhydrides. 
These anomalies AV'ere found to disappear com- 
pletely when the mobile hydrogen atom was 
blocked by substitution, e.g. in 

HOaC-CHcCH-CMea-COgH. 


HOgC-H^C'CH 
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Thorpe himself (J.C.S. 1 923, 123, 3313) expressed 
his point of view ns follows : “ All experiments 
on the glufaconic acids . . . combine to show 
that there is something in the constitution of 
these substances which conventional s^unbols do 
not explain, and that this ‘something’ is con- 
nected with the mobile hj'drogen atom of the 
sj'stcm, becntise it disappears when that atom 
is absent; Ave assume, therefore, that this 
stnictiirnl peculiarity is connected with the mode 
of attachment of the mobile h 3 ’drogen atom to 
the rest of the molecule.” On the basis of such 
reasoning Thorpe, in 1905, put forward his 
well-known “ normal ” formula : 

C02H-CH-CH[H]-CH-C02H 

Feist (Annalcn, 1909, 370, 41) had prepared a 
second, labile, form of a-meth^’lglutaconic acid 
which ho regarded as a stcrcoisomeridc of the 
stable acid. Tliorpe, however, was of opinion 
that the stable acid possesses the “ normal ” 
structure while Feist’s and the other lalulc acids 
which were later isolated liar-c the conventional 
unsaturated structure : 

HOoC-CHiCH-CHoCOoH 

In 1931, MeCombes, Packer and Thorpe (J.C.S. 
1931, 647 ; cf. Hull, Fitzgerald, Packer and 
Thorpe, ibid. 1934, 1053) succeeded in rcsoh'ing 
the stable form of ay-dimctlndglutaconic acid; 
thus showing that this acid has the “ un- 
saturated ” structure 13, rchich contains the 
essential asj’mmetric carbon atom, absent m 
the “ normal ” structure A : 

COaH-CMe-CHCHJ-CMe-COjH 

"Formnl." 

A. 

C02H-CHMe'CH:CMe-C02H 

“ Unsaturated.” 

B. 


A reinvestigation of the whole subject was 
undertaken by Kon and collaborators, rvorking 
in Thorpe’s laboratories at South Kensington 
(Kon and Nanji, ibid. 1931, 5G0; 1932, 2420, 
2557; Kon and Watson, ibid. 1932, 1, 2434; 
Gidvani, Kon and Wright, ibid., p. 1027 ; 
Gidvani and Kon, ibid., p. 2443). This fresh 
attack was much benefited by the experi- 
ence gained in the work on three-carbon tauto- 
merism which had been carried out at South 
Kensington in the nineteeh-trvonties. It may 
noAv be concluded, as a result of these investi- 
gations, that the isomerism of the glutaconic 
acids and their derivatives is due to the simul- 
taneous occurrence of tliree-carbon tautomerism 
and cis-lrans isomerism. On this vierv it will be 
seen that an unsymmetrically substituted 
glutaconic acid can give rise to four isomers, 
e.g.: 


RC-COoH 

^ II 

HCCH 2 CO 2 H 

cis-ajS, 

HCCHRCO,H 

cis-Py. 


RCCO 2 H 

II 

HOgC-CHgC-H 

trans-ap. 

HOgCCHR-CH 

HCCO 2 H 

tmns-Py. 


Usually only two forms are encountered in 
practice, viz. the cis-aP and the Imns-py 
isomers, but Kon and Watson (l.c.) AA’crc able to 
prepare all the four possible a-benzjd-^- 
luethjdglutaconie esters and three out of the 
four possible corresponding acids. The absence 
of anomalous behaviour in glutaconic acid 
derivatives with no mobile hj'drogen atom also 
receives an explanation, since such compounds 
Avill show onl^' normal ds-trans isomerism, 
three-carbon tautomerism being structurally 
i»npo.ssible in such compounds. The folloAA'ing 
articles should be consulted for further im- 
formation on this subject: Thorpe, ibid. 1931, 
loll; Kon, Annual Reports, 1932, 29, 140; 
Linslead, J.C.S. 1941, 457. 

It is evident that the tautomerism of gluta- 
conic acid itself 


(COM-CH-.CHCHz-Ca^H^ 

COsH-CHoCHtCH-COjH) 

i^ not susceptible of study by ordinary means. 
^Nevertheless an estimate of the vorj" high 
niobilitj* of this “ crypto-tautomeric ” sj'stcm 
has been made by Evans, Ryder and Briscoe 
(i.c.) b\' a study of the exchange reaction be- 
tween glutaconic acid and deuterium oxide. 
These authors point out that the isomerisation 
takes place through a common mcsomcric ion : ' ' 


Or^ ^ /yO 

\C-C H-C H-C H-CC 

0 / 


3e 


Avhich is a resonance hybrid of the two possible 
Canonical structures : 


and 


eo/ \ 


O® 

O® 


eO\ 

eo'^ 


C:CHCH:CH-C 



This common mesomoric ion is, in fact, the 
1 modem successor of Thorpe’s “ normal ” 
formula. There can be little doubt that the 
resonance energy set free in the formation .of 
this ion is responsible for the “ reversion to 
type ” which was another puzzling feature of 
the earlier work on the chemistry of the gluta- 
conic acids (cf. Ingold, Oliver and Thorpe, 
ibid. 1924; 125, 2128). 

H. K. R. 

GLUTAMIC ACID, a-Aminoglutaric 
Acid, COgH-CHCNHaiCHa'CHg-COjH, was 
discovered bj'' Ritthausen in 186G (J. pr. Chem. 
18GG, [i], 99, G, 464) among the products of 
the hydrolysis of wheat gluten by sulphuric 
acid, and hence called by him glutaminic acid. 
Subsequently, Ritthausen and Kreusler (ibid. 
1871, [ii], 3, 214), Gorup-Besanez (Ber. 1877, 10, 
780), Schulze (Z. physiol. Chem. 1892, 9, 253) 
and WroblcAVski (Ber. 1898, 31, 3218) showed 
that it was formed by the hydrolysis of other 
Vegetable proteins ; and Hlashvetz and Haber- 
mann (J. pr. Chem. 1873, [ii], 7, 397), Panzer 
(2. physiol. Chem. 1897, 24, 138), Abderhalden 
and Fuchs (ibid. 1908, 57, 339) isolated it from 
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the products of hydrolysis of anitual proteins. 
It has been found in blood (Abderhalden, ibid. 
1913, 88, 478); in tomato conserve (Monti, 
Chem. Zentr. 1912, I, 501) ; in molasses (Stolt- 
zenberg, Ber. 1913, 46, 557) ; in echinoderm 
(Edlbacker, Z physiol. Chem, 1915, 94, 204) ; 
in yeast (Meisenheimer, Chem. Zentr. 1915, II, 
1259) ; in certain broiftTi seaweeds as an octa- 
peptide (Haas and HiU, Biochem. J., 1931, 25, 
1472) ; and among the products of hydrolysis 
of crystalline insulin (Jensen and Wintersteiner, 
J, Biol. Chem. 1932, 97, 93), of certain searveeds 
(Schindelmeiser, B.P. 481898), of beef fibrin 
(Bodensky, J. Biol. Chem. 1936, 115, 101) and 
of the protein of silk-worm chrysalis (Pan and 
Sun, Chem. Ind. China, 1936, 11, Ho. 2, 1). 
For the glutamic acid content of various proteins, 
see Jones and Moeller (J. Biol. Chem. 1928, 79, 
429), also Fiirth (Scientia Pharm. 1934, 5, 21). 
(f-Glutamic acid is formed from bhistidine by 
the action of liver histidase (Abderhalden and 
Hanson, Fermentforsch. 1937, 15, 274), and 
probably from proline in kidney (Weil-Malherbe 
and Krebs, Biochem. J. 1935, 29, 2077). 

Glutamic acid is ordinarily prepared and 
manufactmed by hydrolysis of casein or molasses 
and of vegetable proteins such as gluten, usually 
with hydrochloric acid or sulphuric acid (U.S.P. 
1928840), but alkali (3-7% as sodium hydroxide) 
has been used (B.P. 385054; U.S.P. 1947563). 
In the literature there are many descriptions and 
numerous patents for the use of hydrochloric 
acid for this hydrolysis, most of them differiug 
only in details such as the concentration of the 
acid, the time and temperature of heating, the 
use or omi.ssion of preliminary digestion, etc. 
The effects of these variables on the yield from 
soya-bean protein have been studied systematic- 
ally by Tseng and Chu (Sci. Quart. Hat. Univ. 
Peking, 1932, 3, 53; A. 1933, 814) and by 
Bokusho, Tanaka and Saito (J. Agric. Chem. 
Soc. Japan, 1937, 13, 916). llartow describes 
an autoclave for the hydrolysis of gluten or 
molasses in which the reaction can be conducted 
under pressure (Chem. Zentr. 1936, II, 246). 
The addition of ferric chloride, tin, nickel, lead 
or copper as catalysts to assist hydrolysis of 
gluten is recommended by Cheng and Adolph 
(J. Chinese Chem. Soc. 1934, 2, 221) ; small 
amounts of nitric - acid or manganese dioxide 
have also been specified (U.S.P. 1890590). 
Kumagai suggests the use of chlorine water con- 
taining 1% magnesium chloride in place of 
hydrochloric acid (U.S.P. 2050491). A pre- 
liminary separation of zein by aqueous-alcoholic 
extraction of gluten press-cakes, followed by 
precipitation with water, has been suggested 
(U.S.P. 1992804). For reviews covering the 
preparation of glutamic acid by the hydrolysis 
of gluten, see Tseng and Hu (J. Chinese Chem. 
Soc., 1935, 3, 164) and Sato and Tsuchiya (J. 
Taihoku Soc. Agric. Forestry, 1936, 1, 79). 
The product obtained in these preparations is 
usually freed from the salts of betaine, and the 
alkali inetals (B.P. 266831; U.S.P. 1928840), 
by adding HCl and concentrating below 50°, 
the impurities are separated, and the mother 
liquor heated to 80° when glutamic acid hydro- 
chloride crystallises on cooling. _The free acid 
can be recovered from the hydrochloride by care- 


ful neutralisation with alkali (carbonate or 
hydroxide), or, if racemisation is to be avoided, 
by aniline (King, Organic Syntheses GoU., Vol. I. 
281) or N-allylglycines, e.g. sarcosine or 
betaine (U.S.P. 1976997). Kutscher (Z. physiol, 
Chem. 1899, 28, 123) isolated glutamic acid from 
the products of hydrolysis of casein by sul- 
phuric acid, by precipitating the larger part of 
the .organic bases with phosphotungstic acid, 
and removing the excess of sulphuric acid and 
phosphotungstic acid from the filtrate by means 
of barium hydroxide ; the leucine and tyrosine 
crystallised out of the filtrate, and from the 
mother liquor the aspartic and glutamic acids 
were separated through their copper salts, that 
of glutamic acid being more soluble. Glutamic 
acid may be prepared from its hydrochloride by 
passing ammonia through the solution and 
evaporating to dryness ; the greater part of the 
acid may be separated by fractional ciystalh’sa- 
tion and the remainder precipitated by alcohol 
(Abderhalden, Z. physiol. Chem. 1912, 77, 76). 
Andrlik (Z. Zuckerind, Bohm. 1915, 39, 387) 
obtained the acid from aqueous solution by 
means of tartaric, sulphuric or phosphoric acid. 
Siegfried and Schntt (Z. physiol. Chem. 1912, 
81, 261) prepared the acid by way of the in- 
soluble normal barium salt. For the applica- 
tion of electro-osmosis to the separation of 
glutamic acid, see Ikeda and Suzuki (U.S.P. 
1015891) ; Scheermesser (Pharm. Ztg. 1915, 60, 
487); Corti (J.S.C.I. 1917, 36, 979; B.P. 
106081); U.S.P. 1986920 and G.P. 652765. 

The identification of glutamic acid is possible 
by the preparation of the 3:5-dinitrobenzoyl 
derivative (Saunders, Biochem. J. 1934, 28, 580) 
or by oxidative deamination with surviving 
guinea-pig kidney sections into a-ketoglutanc 
acid, which is isolated and identified as the 2:4- 
dinitrophenylhydrazone (Edlbacher and Heher, 
Z. physiol. Chem. 1934, 224, 261). Glutamic 
acid and other acyclic amino-acids neutralised 
ivith sodium carbonate, give a deep red colom 
when added to uric acid which has been heated 
with nitric acid (Arreguine, Semana med. 
Buenos Aires, 1930, 37, 1074; Amer. Chem. 
Ahstr. 1930, 24, 3488). For its _ quantitative 
estimation in the products of proteirnhydrolysis, 
see Foreman (Biochem. J. 1914, 8, 465), and for 
the determination by formol titration using 
litmus paper as indicator, see Buogo (Annah 
Chim. Appl. 1934, 24, 79). For the determina- 
tion by potentiometric titration, see Balson, 
Earwicker and Lawson (Biochem. J. 1935, 23, 
2700). Although the structure given at the 
head of this article explains the chemical 
behaviour of glutamic acid, there is evidence 
that in solution it exists in a Zwitterion form ; 

0=C-0Ht 

1 

H— C— N H 

I 

G3H5O2 

for example, the exchange reaction with HDO 
(Ogawa, Bull. Chem. Soc. Japan, 1936, 11, 367) 
and the formation and behaviour of complexes 
ivith iron (Smythe and Schmidt, J. Biol. Chem. 
1930, 88, 241). For the activity coefficients in 
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nqucous solution, ace Hoskins, Randall and 
Schmidt {ibid. 1930, 88, 215; c/. Jliynmoto and 
Schmidt, ibid. 1931, 90, 165); 'for the dielectric 
constant in aqueous ’ solution, sec Devoto 
(Gazzetta, 1932, 61, S97) ; and for the infra-red 
absorption spectrum, see Heintz (Arch, phj’s. 
biol. 1937, 14, 131). Glutamic acid is asym- 
metric and exists in d-, 1- and dl- forms. Lutz 
and Jirgensons ,{Ber. 1930, 63 [B], 448) describe 
a graphical metliod of assigning oplieall}' active 
a-amino-acids to the d- or 1-series. The rotatory 
power of the optically' active forms is a function 
of the j)jx of the solution (Vcllingcr, Compt. 
rend. 1932, 194, 718). 

d-Glutamic Acid, the naturallj' occurring 
compound, crj'.-,tnltiscs from aqueous alcohol 
in the rhombic sj-stem, o:l(:c£=0-0808:l:0-8548 
(Oebbeke, Ber. 1884, 17, 1725) ; m.p. 208° (213° 
corr.) dccomp. (Fischer, ibid. 1889, 32, 2461) ; 
224-225° (corr.) decomp. (Abderhalden, Z. 
phy.siol. Chem. 1910, 64, 540) ; 211° when heated 
rapidlj' (Skola, Z. Zuckcrind. Czcchoslov. 1920, 
44, 347) ; decomposes at 247-249° (Dunn and 
Brophy, J. Biol. Chem. 1932, 99, 221). The 
cr 3 ’stals exhibit piezo-electric phenomena. It 
is sparingly' soluble in water (0-88 g. in 100 g. at 
25°) but the solubilit 3 ’’ is raised in the presence 
of alkali and alkaline earth salts (Pfeifl’cr, Bor. 
1915, 48, 1938) ; it is insoluble in nicth 3 'l oreflud 
alcohol (less than 0-007 g. in 100 g. at 25°), ether 
and acetone and practicall 3 ' insoluble in cold 
glacial acetic acid (Pertzoff, J. Biol. Chem. 1933, 
100, 97). For the solubilit 3 ' in water-alcohol 
mixtures at various temperatures, see Dunn 
and Ross (ibid. 1938, 125, 309). The heat of 
combustion is 906 kg.-cal. and the heat of 
solution in water is 9,600 g.-cal. (Pertzoff, /.c.). 
For the free cnerg 3 % ZFjor (crystalline) —170,700 
g.-cal. and the values of'zl/f and^liS, sec Borsook 
and Huffmann, ibid. 1933, 99, 003 ; J. Amcr. 
Chem. ,Soc. 1932, 54, 4297 ; Huffmann, Ellis 
and Fox, ibid. 1930, 58, 1728. The dissociation 
constants of glutamic acid are 5-02 x 10~® and 

2-19 X 10-^", /iT'j 1-55 X 10-^“ (Ifirk and Schmidt, 
J. Biol. Chem. 1929, 81, 237 ; Harris, ibid. 1929, 
84, 179); see Schmidt, Kirk and Applcnian 
(ibid. 1930, 88, 285) for the values at 0°, and 
also Neuberger (Biochem. J. 1936, 30, 2085); 
Wilson and Cannan (J. Biol. Chem. 1937, 119, 
309). In aqueous solution [a]"^ 12-04°, and 

Wd -f 11'0° ; in 10% aqueous hydrochloric acid 
Wn +34-9°. Increasing amounts of strong 
acid cause a continuous increase in the specific 
rotation, -which tends towards a maximum. 
The addition of bases first changes the dextro- 
into IcGvo-rotation, which attains its highest 
numerical value with the formation of the acid 
salt, further quantities of base convert the 
Isevo-rotation again to a dextro -rotation. With 
lead hydroxide, no change in sign of the rotation 
takes place (Andrlik, Z. Ver. Rubenzuck.-Ind. 
Bohm, 1903, 948 ; see also Pellet, Chem. Zentr. 
1911, 1, 1766). When an aqueous solution of d- 
glutamic acid is boiled, an equilibrium is set up 
between the d-glutamic acid and its dehydration 
product i-pyrrolidone-2-carboxylio acid, the 
position of equilibrium depending on the Pq. 
In solutions near neutrality, dehydration is 
favoured but slow at 100° ; in solutions greater 
VoL. VI.— 3 


than 2M with respect to hydrochloric acid or 
0*5Jf to sodium hydroxide i-cconvcr.sion to 
glutamic acid occurs (Skola, Z. Zuckcrind. 
Czcchoslov'. 1920, 44, 347 ; Foreman, Biochem. 
J. 1914, 8, 492 ; Fischer and Boehner, Ber. 1911, 
44, 1332 ; and for the equilibrium constants at 
v'arious pu values, sec Wilson and Cannan, l.c.). 
The optical properties of tlio equilibrium solutions 
at V’arious pu values indicate that the first stage 
in tlio dehy'dration is the formation of an internal 
salt (Okinaka, A, 1928, 435). Stanek (Z. Zucker- 
ind. Bohm. 1912, 37, 1) on heating the aqueous 
solution abov'o 200°, obtained dl-pyrrolidone- 
cnrboxy’lic acid, below that temperature the 
ln?vo-rotator 3 ’ form is the chief product. 

A solution of d-glutamic acid (1:22,000) gives 
a characteristic colour reaction with triketo- 
hy'drindene (Abderhalden and Schmidt, Z. 
piiy'siol. Chem. 1913, 85, 143). 

When glutamic acid is administered ns a food, 
96% is absorbed, n portion being used in protein 
synthesis and the rest oxidised to urea (Andrlik 
and Vclich, Z. Zuckerind. Bohm. 1908, 32, 313; 
Butts, Blunden and Dunn, J. Biol. Chem. 1937, 
119, 247). Its administration to phloridzinised 
dogs leads to increased elimination of d-glucose 
in the urine (Warkalla, Beitr. Phy’s. 1914, 1, 91) 
and in normal animals increases the c.xcretion 
of urea and sulphate (Stekol and Schmidt, Univ. 
California Pub. Phy’siol. 1933, 8, 31 ; A. 1934, 
440). Glutamic acid shows little toxicity’ (Sulli- 
van, Hess and Sobrell, U.S. Publ. Health Repts. 
1932, 47, 75) and is used in foods in the form 
of the sodium salt which has a strong meat- 
like flavour (see B.P. 269576). hi vitro it is 
hfcraotoxio to the blood corpuscles of warm- 
blooded animals (Sulmann, Z. Immunitiitsforsch, 
1932, 74, 46), but its copper, iron, manganese 
and magnesium salts are effective in preventing 
antemia in rats (Brand and Stucky, Proc. Soc. 
Exp. Biol. Med. 1934, 31, 627, 689, 739). For 
its effect on hrcmoglobin production, see also 
Drabkin and i\Iiller (J. Biol. Chem. 1931, 90, 
631) ; and for its hyperglycremic action, see 
Nord (Acta med. scand. 1926, 65, 1, 61). 

For its Icntabolism in the animal organism, 
see Ringer et al. (J. Biol. Chem. 1913, 14, 541) 
and also the series of papers dealing with the 
interraolecular transfer of amino-groups be- 
tween glutamic and pyruvic acids by Braun- 
stein and Kritzmann (Biochimia, 1937, 2, 242, 
859; Enzymologia, 1937, 2, Pt. Ill, 129; 
Nature, 1937. 40, 603) and by Von Euler, Adler, 
Das et al. (Z. physiol. Chem. 1938, 254, 61 ; 
Arkiv Kemi, Min., Geol. 1938, 12B, No. 40). For 
the biological dehydrogenation, see idem., Compt. 
rend. Trav. Lab. Carlsberg, 1938, 22, 15 ; 1938, 
A III, 438; and for the oxidation of its 
phenyl derivatives in the animal body, see Von 
Beznak, Biochem. Z. 1929, 205, 420 ; Oesterlin, 
ibid. 1929, 215, 203. 

Fermentation of glutamic acid by members 
of the genus Clostridium which are widely dis- 
tributed in soil, gives rise to n-butyrio and acetic 
acids, carbon dioxide, ammonia and hydrogen 
(Barker, J. Bact. 1938, 86, 322). Under the in- 
fluence of strictly anserobic spore-forming 
bacteria from soil the fermentation leads to the 
formation of acetic and propionic acids (idem., 
Enzymologia, 1937, 2, 176, c/. Brasch and 
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Neuberg, Biocbem. Z- 1908, 13, 299). Alcoholic 
fermentation gives methyl alcohol (Leoncini, 
Boll. ist. super, agrar. Pisa, 1934, 10, 418), 
Decarboxylation by certain (legume) bacteria 
yields y-aminobutyric acid and carbon dioxide 
(Virtanen, Rintala and Laine, Nature, 1938, 142, 
674; Ackermann, Z. physiol. Chem. 1910, 69, 
273 ; Abderhalden, ihid. 1913, 85, 131). Certain 
bacilli cause the formation of a polypeptide from 
glutamic acid (Ivdnovics, Zentr, Bakt. 1938, I, 
142, 52), For the conversion to glutamine by 
enzymes, see. Krebs (Biochem. J. 1935, 29, 1951). 
Glutamic acid breaks down under the action of 
sunlight to propaldehyde, ammonia and carbon 
dioxide, especially in the presence of sensitisers 
such as aluminium, titanium and zinc oxides 
(Ganassioi, Giom. Farm, Chim, 1912, 81, 226; 
Eao and Dhar, J. Indian Chem. Soc. 1934, 11, 
617). Dissociation of the carboxyl groups occurs 
on absorption of ultra-violet light (Anslow, Phys. 
Rev. 1932, 40, 115). Oxidation of glutamic 
acid with hot sodium dichromate or potassium 
permanganate in sulphuric acid, or with hydro- 
gen peroxide, yields succinic acid (Dakin, J. Biol. 
Chem. 1909, 5, 409 ; Chu and Tseng, J. Chinese 
Chem. Soc. 1933, 1, 46). The action of sodium 
hypobromita in alkaline solutions gives glutar- 
monoaldehyde ; in neutral solution the pro- 
duct is ^-cyanopropionic acid (Friedman and 
Morgulis, J. Amer. Chem. Soc. 1936, S8, 909). 
Electrol^ic oxidation in dilute sulphuric acid 
yields succinic and succinamic acids, succinimide 
and further breakdown products (Takayama, 
J. Chem. Soc. Japan, 1931, 52, 155; Bull. 
Chem, Soc. Japan, 1933, 8, 125). The direct 
oxidation of ^utamic acid with oxygen is 
catalysed by adrenaline, pyrocatechol and 
related compotmds with the intermediate for- 
mation of glyoxyMc acid and finally ammonia, 
formaldehyde and carbon dioxide (Barren- 
scheen and Danzer, Z. physiol Chem, 1933, 220, 
57). In the presence of charcoal this oxidation 
leads to the formation of urea (Arai, Biochem. Z. 
1930, 226, 233). For the oxidation with silver 
oxide, see Herbst and Clarke (J, Biol. Chem. 
1934, 104, 769). 

TlTien treated with nitrous acid glutamic acid 
yields a-hydroxyglutaric acid (glutanic acid, 
q.v.) (Ritthausen, J. pr. Chem. 1868, [i], 103, 
239). Natmral d-glutamic acid is converted by 
nitrous acid into 1-a-hydroxyglutaric acid, and 
by nitrosyl chloride or hychochloric acid and 
nitrous acid into Z-a-chloroglntaric acid, which 
in turn yields d-a-hydroxyglutaric acid (Fischer 
and Moreschi, Ber. 1912, 45, 2447). 

For electrolytic diazotisation of the acid, see 
Krauss (J. Amer. Chem. Soc. 1917, 39, 1427). 

d-Glutamic acid forms normal and acid 
salts, the latter being the more common. Of 
these the sodium, CgHgO^NNa; potassium 
*^5hl804N K ; calcium, (C5Hg04N)2Ca ; harium, 
(C5H804N)2Ba; (C5H804N)2Pb salts, 

prepared by neutralisation or double decomposi- 
tion in aqueous solution, are crystalline and 
hygroscopic. The glutamates of general formula 
are readily soluble in water and 
have a characteristic meat-Uke flavour. The 
manufacture and consumption of the sodium 
^It are general in China and Japan (Ikeda, Orig. 
Com. 8th Intern. Cong. Appl. Chem. 1912, llj 


147 ; Tseng and Chu, Acad. Sin. Mem. Nat. Res. 
Inst. Chem. 1931, No. 5, 1 ; Han, Ind. Eng. 
Chem. 1929, 21,' 984). The disodium salt can 
be prepared by adding the acid dissolved in 
liquid ammonia to sodium in liquid ammonia 
until the blue colour disappears (Voss and 
Guttmann, Ber. 1930, 63 [B], 1726). For its 
Raman spectrum, see J. Chem. Phys. 1937, 5, 
508. The acid sodium salt is converted to 
sodium pyrrolidonecarboxylate on heating to 
150-160° (Tseng and Chu, Sci. Quart. Pekin, 
1932, 3, 1) and the calcium salt cyclises at 180- 
185° (Abderhalden, Z. physiol. Chem. 1910, 64, 
447) ; it is precipitated quantitatively from 
aqueous solution if sufficiently concentrated 
(Foreman, Biochem. J. 1914, 8, 479), For 
solubility data of the dibasic calcium salt, see 
Takayama (J. Soc. Chem. Ind. Japan, 1930, 33, 
Suppl. binding, 91). The normal barium salt 
is almost insoluble in water (Siegfried and 
Schutt, Z. physiol. Chem. 1912, 81, 261). If 
the hydrochloride, hydrobromide or hydriodide 
of glutamic acid be boiled in aqueous solution 
with freshly precipitated calcium or barium car- 
bonate, the filtrate on concentration deposit well 
formed crystals of a salt of the type 

(C5H804N)2 Ba-BaCl2,a:H20. 

The corresponding strontium compounds are 
obtained by crystallising the glutamate with 
excess halide (Anslow and King, Biochem. J. 
1927, 21, 1168). For the transference numbers 
and conductivities of the sodium, calcium and 
barium salts, see Miyamoto and Schmidt ( J . Biol. 
Chem, 1933, 99, 335 ; also Univ., Calif. Pub, 
Physiol, 1932, 8, 9). The normal ammonium 
salt, (NK4)2C5H704N, loses NHg at 110-115°, 
and forms the acid salt (NH4)C5Hg04N ; [a]D 
about — 3'6° (Schulze and Trier, Ber. 1912, 45, 
257). Evaporation of cZ-glutamic acid with 
aqueous ammonia causes decomposition of the 
ammonium salt but with ammonium chloride 
the acid salt is formed (Tseng and Chu, Sci. 
Rep. Nat. Univ. Peking, 1936, 1, No. 4, 17), 
which is also obtained by dissolving the acid in 
liquid ammonia (Voss and Guttmann, Z.c.). 

The blue copper derivative, 

(C5Hg04N)y4Cu0,7JH20, 

is crystalline ; zinc and cadmium salts and 
cobalt and niclcel derivatives have been prepared 
(Hugounenq and Florence, Bull. Soc. chim. 
1920, [iv], 27, 750). Wolff described an amor- 
phous greenish-blue copper salt as 

C 5 H, 04 NCu,iH 20 , 

which dissolves in 400 parts of boiling water 
(Annalen, 1890, 260, 79) ; Pfeiffer and Werner 
formulate the copper salt 

[Cu(C5H204N)2]Cu,H20 
since it reacts with sodium hydroxide precijn- 
tating copper hydroxide and forming a bluish- 
violet solution which contains a substance 
precipitated by alcohol and having the required 
Cu;N ratio (Z. physiol. Chem. 1937, 246, 
212). For an asymmetric synthesis of optically 
active cobalt complexes with the formula 
fCo(C5H_04N)3]Na3, see Lifschitz Proc. 
Acad. Sci. Amrterdam, 1936, 39, 1192). Two 
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forms of this complex, each having d- and U 
forms, Imve been described; one is red with 
insoluble silver and lead salts, the other violet 
rdth salts soluble in boiling water. Tlic silver 
sails, CgH-OjNAg, and C^HjjOjNAg, are 
wliito insoluble powders; the ferrous sail is 
obtained when glutatnie acid is boiled with an 
excess of iron jjowder in an oxygon-free atmo- 
sphere (Hoffmann, G.P. 2G1300); the zhic sail 
is basic (CgHgO^NljZn'ZnO ; the mcreuric 
salt a heavy crj'stalfinc powder decomposing 
at 208-20!)°* (Ilabermann, Annalen, 1871, 179, 
248 ; Abderhaldcn and Katitzsch, Z. physiol. 
Cliom. 1910, 64, 447 ; 68,487; 1912,78,333). 
The hydrochloride has in.p. 202°, or lieatcd 
rapidly, m.p. 213° (Abderhaldcn, Z. phj'siol. 
Chem. 1910, 64, 450); when precipitated from 
hydrochloric acid solution it contains 2 mol. 
HjO (Wei and King, Science, China, 1936, 19, 
354), It has -}-25° (Abderhaldcn, he.); 

or 24’5° (Fischer and Bochner, Bcr. 1911, 44, 
1334). For crj’Stallography of the hydro- 
chloride, see Kaplanova (Abh. Bohm. Alcad. 
1915, No. 23, from Jahrb. j\an. 1917, 1, 123), 
and for the Banian spectrum, see Edsall (J. 
Chem. Physics, 1937, 5, 508). Data are given 
by Takaj'ama for its identification with the 
polarising microscope (.1. Chem. Soe. Japan, 
1931, 52, 245). d-Oluiamic aeid pierolonale has 
[a]p -f85° (Levenc and Van Slyho, J. Biol. 
Chem. 1912, 12, 127). The slrychnvic salt has 
m.p. 225-230°, [a]^ —25-5°; the brucine salt 
‘ has m.p. 240°, [a]‘D —23° (Dakin, Biochom. J. 
1919, 13, 398). For the imido-orlhophosphoric 
csler, C7H14O7NP, of glutamic acid, sec Lang- 
held (Ber. 1911, 44, 2070). The a-clhyl csler 
has m.p. 110° (Neuberger, Biochem. J, 1930, 
30, 2085) ; the y-elhyl csler forms prisms from 
50% alcohol, m.p. 194° (188° liicnozr.i and 
Appiani, Gazzetta, 1894, i, 24, 384), hydrochloride 
m.p. 134°. The dielhyl csler is an oil with b.p. 
139-140°/10 mm., d^’’ 1-0737 and [a]=j? -f 7-.34° 
(Fischer, Sitzungsber. Akad. Wiss. Berlin, 1900, 
48, 1002), and is very soluble in water. For the 
dissociation constants of tho etli}! esters, see 
Neuberger (Z.c.). 

Glutamic acid forms a soluble benzene sul- 
phonyl derivative, 

PhS02-NH-CH(C02H)CH2-CH2-C02H, 

m.p. 129-132°, which can easily bo methylated to 
N-benzenesulphonylmethylglutamic acid, m.p. 
138-139°, or esterified to the di-w-butyl ester, 
m.p. 68-59° (Hedin, Ber. 1890, 23, 3190 ; Gurin, 
J. Amer. Chem. Soc. 1930, 58, 2140; see also Z. 
physiol. Chem. 1937, 250, 189). Tho p-tolucne- 
sxdphonyl derivative is an oil but gives a di-?i- 
butyl ester, m.p. 64-05°, and a methylated 
derivative, m.p, 131-132° (McChesney and 
Swann, jun. J. Amer. Chem. Soc. 1937, 59, 1116). 
Ghitamic-l^-sulphonie acid is obtained by tho 
action of N-pyridinium sulphonic acid; its 
potassium salt crystallises with 'acetic acid; 
^^sHoPvNSKgjCHa-COjH and forms double 
salts with acid potassium glutamate, 

CgH607NSK3,C5H804NK,H20 

(Baumgarten, Marggraff and Dammann, Z. 


physiol. Chem. 1932, 209, 145). Acetyl-d- 
gluiamic acid, m.p. 199°, is forme when ketone 
is passed into an aqueous solution of rf-glutamic 
acid (Bcrgmann and Stern, Bcr. 1930, 63 [B], 
437) ; or from tho sodium salt and acetic an- 
hydride (Nicolct, J. Amer. Chem. Soc. 1930, 52, 
1192), but tho sodium salt of ncetjdglutamic 
acid is readily racemised in aqueous solution by 
acetic anhydride (Du Vigneaud and jMcycr, J. 
Biol. Chem. 1932, 98, 295). Tho acetyl deriva- 
tive readily gives, with methyl sulphate, acetyl- 
incihylglutamic acid, decomp. 203° (Knoop and 
Oestcrlin, Z. physiol. Chem. 1927, 170, 186). 

Chloracctyl-d-ghitaniic acid, 

CH2CI-C0NH-CH(C02H)CH2-CH2C02H, 

m.p. 14.3° (con-,), [a]p —13-5° (±0-2°) in aqueous 
solution; with ammonia it jdolds glycyl-d- 
glutamic acid, 

NH2-CH2-C0-NH-CH(C02H)CH2CH2-C02H 
(Fischer, Bcr. 1907, 40, 3704; Irischcr, Kropp 
and Stahlschmidt, Annalen, 1909, 365, 181). 
Phenylacclylglutamic acid, CijHjgOgN, micro- 
scopic needles, has m.p. 132°, [ajj, —19° in 3-10% 
aqueous solution ; the brucine salt has [aju 
—1-37° (Thicrfclder, Sherwin, Z. physiol. Chem. 
1915, 94, 1; Ber. 1915, 47, 2630). o-Nifro- 
benzoylglut antic acid, m.p. 151°, is formed from 
the hydrochloride and o-nitrobonzoyl chloride 
in the presence of magnesium oxide. The for- 
mation of H-carbozyglutaviic acid in sugar solu- 
tions containing glutamic acid- and carbon 
dio.vido is suggested b}’ Major (Listy Cukrovar, 
1928, 47, 123 ; Amer. Chem. Abstr. 1929, 23, 728). 
For the half anilide of glutamic acid, m.p. 209° 
(dccomp.), see Voss and Guttmnnn (Z. 2)hysiol. 
Chem. 1932, 204, 1); for tho synthesis of N- 
alkyl derivatives, see Sugasawa (J. Pharm. Soc. 
Japan, 1927, No. 650, 1041) ; and for y-phcnyl- 
glvtamic acid, sec von BeznAk (Biochom. Z. 1929, 
205, 414). Numerous di- and pDlj’-poptides 
have been synthesised from glutamic acid and 
tho original literature should bo consulted for 
descriptions of these substances. 

tfi-Glutamic Acid is obtained in 60-65% 
yield from tho d-acid or its acid sodium salt by 
heating with solid ammo^iium chloride at 230- 
236° for an hour and then refluxing for 6 hours 
with 6N-hydrochloric acid. Anhj'drous dl- 
glutamic acid and' tho monohydrato were ob- 
tained in this way by Dunn and Stoddard (J.‘ 
Biol. Chem. 1937, 121, 621). A slightly better 
yield (71%) is obtained by heating tho cZ-acid 
with barium hydroxide in aqueous solution for 
9 hours at 160-170°. Sodium carbonate, bi- 
carbonate and hydroxide and calcium hydroxide 
do not cause racomisation (Tseng and Chu, J. 
Chinese Chem. Soc. 1933, 1, 188 ; Schulze and 
Bosshard, Ber. 1886, 18, 388 ; Schulze, Z. 
physiol. Chora. 1892, 9, 263). Syntheses of dl- 
glutamic acid have been carried out by Wolff 
(Annalen, 1890, 260, 79), by Knoop and 
Oesterlin (Z. physiol. Chem. 1927, 170, 186), 
and by Dunn, Smart, Redomann and Brown 
(J. Biol. Chem. 1,931, 94, 699). Wolff started 
^vith lajvulic acid and by boiling dibromolajvulic 
acid with water, obtained glyoxylpropionic acid, 
OHC CO CH^ CH^-CO^H, which reacts with 
hydroxylamino to form yS-di?sonitrosovaleric 
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acid, CH(:N0H)C(:N0H)CH2'CH2*C02H,^ 

•from which zsonitrosocyanobutyric acid, 

CN-C(:N0H)CH2*CH2-C02H 

is obtained by dehydration with sulphuric acid 
and subsequent treatment with cold sodium 
hydroxide. When isonitrosocyanobutyric acid 
is hydrolysed with boiling alkali, it yields iso- 
nitrosoglutaric acid, 

C02H-C(;N0H)-CH2-CH2-C02H, 

and this is reduced to inactive glutamic acid by 
tin and hydrochloric acid. Knoop and Oester- 
lin’s method consisted in the reduction of a- 
ketoglutaric acid in the presence of ammonia; 
c/. Shemin and Herbst, J. Amer. Chem. Soc. 
1938, 60, 1954. The third synthesis started 
from the isonitroso-derivative of malonic ester, 
ethyl oximinomalonate, H0N:C(C02Et)2. On 
reduction with aluminium amalgam, this gives 
ethyl aminomalonate which was benzoylated 
and then condensed with /3-bromopropionie acid 
to - ethyl a-benzamidopropane-aay-tricarboxyl- 
ate, 

CflHgC0-NH-C{C02Et)2CH2-CH2-C02Et. 

This ester, on hydrolysis, gives dl-glutamic acid 
which forms rhombic plates from water, m.p, 
199° (Dunn, Smart et (d., l.c., show photomicro- 
graphs of d- and dl-glutamic acids) ; Dunn 
and Brophy give the m.p. as 225-227° (J. Biol. 
Chem. 1932, 99, 221). It is soluble in hot water 
and sparingly soluble in cold water (1 part in 
66-7 parts at 20°), also sparingly in alcohol, 
ether, light petroleum and carbon disulphide. 
The flavours of the sodium, potassium, lithium, 
calcium, barium, strontium, magnesium, methyl 
ammonium (m.p. 76° ; hydrochloride, m.p. 
168-169°), and dimethylammonium (hydro- 
chloride, m.p. 178-5°) salts have been described 
(Tseng and Chu, l.c.). The potassium and 
methylammonium salts are hygroscopic. The 
copper salt, C5H704NCu,2|H20, forms blue 
needles, becomes anhydrous at 135° and is not 
soluble in less than 1,000 parts of boiling water. 
A number of derivatives have been reported: 
the hydrochloride crystallises in needles, m.p. 
193° (Wolff), 200° (Abderhalden and Kautsch, 
Z. physiol. Chem. 1910, 68, 487), and is crystallo- 
graphieally identical with the hydrochloride of 
-the d-acid, a:i:c=0-8873:l:0'3865 (Wolff, l.c.); 
the acid sulphate, m.p. 164-6°; picrolonate, fine 
short spindles, decomposing at 184° (Levene and 
van Slyke, J. Biol. Chem. 1912, 12, 127) ; the 
H-chlor acetyl derivative has m.p. 123°, formyl, 
m.p. 181-7° ; acetyl, m.p. 187-5° ; propionyl, 
m.p. 173-1° ; n-huiyryl, m.p. 179° ; andisovaleryl, 
m.p. 180-6°. The hydrochloride of the ethyl 
ester has m.p. 113-1° (Tseng and Chu, l.c.). 
Al-Benzoyl-glutamic acid crystallises with 1 HgO, 
m.p. 15^163° (156-157° corr.), and is soluble in 
124 parts of water at 20° (Fischer, Ber. 1899, 
82, 2461). 

When _ dZ-glutamic acid is ciystallised from 
water, right- and left-handed enantiomorphous 
crystals are deposited, but the fact cannot con- 
veniently be utilised for resolution and the pre- 
paration of the Z-isomeride ; this was, however, 
effected by the cultivation oiPenicilUum glaucum 
in a solution of the cZZ-acid, whereby the cZ-acid 


is destroyed and the Z-acid remains in solution 
(Menozzi and Appiani, Gazzetta, 1894, i, 24, 
370). Fischer (Ber. 1899, '32, 2451) resolved 
dZ-glutamic acid by the fractional crystallisation 
of the strychnine salt. The optical resolution is 
best carried out by converting dZ-glutamic acid 
to dZ-pyrrolidonecarboxylic acid by heating to 
the melting-point and resolving the latter acid 
by heating with an equimolecular portion of 
quinine in the presence of water. The quinine 
salts are easily separated by successive treat- 
ment with alkali, acid and absolute alcohol. 
The mother liquor, after separation of the tZ-acid, 
is concentrated in vacuo, filtered, hydrolysed 
with normal sodium hydroxide, neutralised and 
dried in vacuo. Extraction with alcohol and 
evaporation give the Z-pyrrolidonecarboxylic 
acid. Recovery of d-glutamio acid from the 
Z-pyrrolidonecarboxylic acid and Z-glutamic acid 
from the d-pyrrolidonecarboxylic acid is readily 
effected by heating with 15% hydrochloric acid 
(Sugasawa, J. Pharm. Soc. Japan, 1926, No. 637, 
934). 

l-Olutamic Acid is usually obtained by resolu- 
tion of dZ-glutamic acid {v. supra) but it may be 
obtained by the cultivation of certain bacilli, 
e.g. B. mesentericus, on <Z-glutamic acid thereby 
forming a polypeptide-like substance the diffi- 
cultly soluble copper salt of which is hydrolysed 
by hydrochloric acid to Z-glutamic acid (Bruck- 
ner and IvZtnovics, Z. physiol. Chem. 1937, 247, 
281). A theoretical yield of Z-glutamio acid is 
given on hydrolysis with hydrochloric acid of the 
purified capsular substance of anthrax bacillus 
(idem. Z. Immunitatsforsch. 1938, 93, 119). 

Z-Glutamic acid forms leaflets from water, 
m.p. 213°, with decomposition (rapid heating). 
It is tasteless and has [a]^ -12-9° in water. 
The crystal structure has been studied by 
Bernal (Z. Krist. 1931, 78, 363, in English). 
l-Olutamic acid hydrochloride has m.p. 200-204° 
and [a]’p -30-06°. Data are given by Takayama 
(J. Chem. Soc. Japan, 1931, 52, 246) for its 
micro-identification with the polarising micro- 
scope. Benzoyl-l-glutamic acid has m.p. 130- 
132°, dissolves in less than 2 parts of water at 
100°, or 21 parts at 20°, and has [a]j, -1-13-81° 
in 5% aqueous solution, and the potassium salt 
has [a]p —18-7°; it yields Z-glutamic. acid on 
hydrolysis and by the Curtius degradation gives 
Z-benzamido-1 ;3-diaminopropane hydrochloride, 
m.p. 168° (picrate, m.p. 100°), which is hydrolysed 
to ^-aminopropaldehydo (dimedone derivative, 
m.p. 208-209°), (Bergmann, Zervas and 
Schneider, J, Biol. Chem. 1936, 113, 341). 

^-Hydroxyglutamic Acid, 

CO^H-CH (NH2) CH (0H)-CH2-C02H. 

The isolation of )3-hydroxyglutamic acid from 
the product of hydrolysis of caseinogen with 
26% sulphuric acid has been described by 
Dakin (Kochem. J. 1918, 12, 290) and by 
GuUand and Morris (J.C.S. 1934, 1644). Accord- 
ing to the later authors, the hydrolysate is 
neutralised to Congo Red with barium hydroxide 
and the barium sulphate, which adsorbs all the 
^-hydroxyglutamic acid, is eluted with 1% 
hydrochloric acid at 26°. The amino-acids so 
obtained' are treated to remove glutamic and 
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aspartic acids, Moiicinc and other aniino-acidfi, 
and the barium salt of jS-hydroxyglutaniic acid 
is separated. Ilhis salt on crystallisation de- 
composes to give tlie monohj’dratc, 

CsHoOjN.HaO, 

similar to Dahin’s sp^cimen. Syntheses of jS- 
hydroxj'glutamic acid ha%-o been described by 
Dakin (from glutamic acid, Diochem. J. 1918, 
12, 290: 1919, 13, 398) and by Harington and 
Randall (by o.atalytic hydrogenation of the a- 
jsonitroso derivative of ethj'l ncctoncdicar- 
box 3 'lnte, ibid. 1931, 25, 1917), but there were 
marked discrepancies between the products 
from these two s 3 'ntheses. 

The estimation of / 3 -h 3 ’drox 3 'glutamic acid is 
best made after a proliminar 3 ' purification b 3 ' 
olectrodiah'sis. The anode liquid is then freed 
from nicthfoninc with 7i-htifc3'I alcohol and 
oxidised with chloraminc-T. The product, 

COsH-CH.-COCHO. 

is not isolated but determined as the p- 
nitrophonylosazonc (Gulland and Jlorris, /.c.). 
The anh 3 *drous dl-acid has m.p. 195° with de- 
composition and is soluble in water but in- 
soluble in alcohol. The h 3 'drochlorides of the 
dl-acid and of its ethyl ester have m.p. 87° and 
1CS'5° rcspectivcl 5 ’. The silver, copper and acid 
calcium salts have been prepared (Harington 
and Randall, l.c.). rf-/?-Il 3 'dro.X 3 ’glulamic acid 
cr 3 'stalliscs from water in prisms which sinter at 
100°; it is soluble in water and acetic acid, 
sparingl 3 ’- soluble in methanol and insoluble in 
ethyl alcohol and ether. Its isoelectric point 
occurs at pji 3-28. Ror the dissociation con- 
stants, sec ICirk and Schmidt, J. Biol. Chera. 
1929, 81, 237. In aqueous solution (4%) it has 
[a]o about -f-0'S° and in 2% h 3 'drochioric acid 
solution [a]p -l-16-3°. On prolonged heating at 
100-110° over phosphorus pentoxido it 3 dclds 
hydrox 3 'pyrrolidonecarbox 3 dic acid. It yields 
silver, copper, mercury, lead, cadmium, zinc, 
calcium and barium salts of which the silver and 
mercury salts only are insoluble, and it gives a 
diethyl ester, m.p. 62-03°, Avhich is converted, 
in the presence of light and moisture, into ethyl 
hydroxyp 3 wrolidonecarbox 3 date, m.p. 116°, and 
on boiling Math concentrated hydrochloric acid 
to a-ketoglutaric acid (Abderhaldcn and Murke, 
Z. physiol. Chem. 1937, 247, 227). The benzoyl 
derivative has m.p. 176-176° and the derived 
hydantoin, 191-193° (Knoop el al., ibid. 1930, 
239, 30). The brucine salt has m.p. 2O0°, with 
decomposition and [a]^ — 25-0°. The strychnine 
salt has m.p. 246° and [a]^ —26-3°. When 
heated with hydriodic acid at 160°, ci-/3-hydroxy- 
glutamic acid is converted to <l-glutamic acid. 
As a hydroxy-acid, it gives colour reactions with 
phenols and concentrated sulphuric acid, purple 
with resorcinol, bright green with thymol and 
red (flesh) with phloroglucinol. 

- M. A. W. 

GLUTAMINE, 

C02H-CH(NH2)CH2-CH2-C0NH2, 

18 a half amide of glutamic acid. It was dis- 
covered in 1877 by Schqlze and Urich (Ber. 


1877, iO, 85) in the juice of young pumpkin 
plants and isolated from beet-root sap by 
Schulze and Bosslmrd (ibid. 1883, 16, 312), 1 
litre 3 'ieiding 0'7-0-9 g. of glutamine ; see also 
Smolcnski (Chem. Zentr. 1911, I, 618, from Z. 
Vcr. dout. Zuckcr-Ind. 1910, 1215), Schulze 
(Z. physiol. Chem. 1894, 20, 327; 1897, 24, 
18j Bcr. 1896, 29, 1882; Landw. Vcrsuchs.- 
Slnt. 1898, 49, 442) and Deleano (Z. phy.siol. 
Chem. 1912, 80, 79). It appears to replace its 
homologuc, asparagine, in some families, c.g. 
Caryophyllacem, Cnicifcrm and Filices, where 
it occurs in the leaves, seedlings, roots and tubers. 
The amount of glutamine found in seedlings, 
etc., is only about 3% of the di^Mveight, which is 
much less than the amount of asparagine found 
in leguminous seedlings. The glutamine content 
docs not appear to be constant but, for e.xample, 
in the beetroot, it increases in the growing plant, 
reaches a maximum and then disappears, 
npparcntl 3 ’- being replaced b 3 ' allantoin (Ravenna 
and Nuccorini, Annali Cliim. Appl. 1928, 18, 
609). B 3 ' the application of ammonium sul- 
phate, the glutamine content can bo raised to 
5-4% of the dry weight (Viekcr 3 % Pucher and 
Clark, Plant Ph 3 ' 8 iol. 1936, 11, 413). It appears 
to be a direct product of the h 3 'drol 3 'sis of pro- 
teins during germination (Nuccorini, Annali 
Chim, Appl. 1930, 20, 239). Glutamine is widely 
j distributed in plants ; thus, it occurs with 

1 asparagine in the juice of ripening oranges 
(Scurti and do Pinto, Chem. Zentr. 1908, II, 
1370) ; in rhubarb leaves (Vickery, Pucher, 
Leavenworth and Wakeman, J. Biol. Chem. 1938, 
125, 627) and in appreciable amounts in tobacco 
leaves, accounting for the formation of ammonia 
when the leaves are boiled witli water (Vickery 
and Pucher, J. Biol. Chem. 1936, 113, 167). The 
white exudation which appears on the tip of 
Chewing’s fescue grass, after the application of 
ammonium sulphate, has been identified ns 
glutamine (Doak, New Zealand J. Sci. Tech. 
1937 , 18, 844). For distribution and r61o in 
plants, see also Stieger (Z. ph 3 'siol. Chem. 1913, 
86, 246) and Schwab (Plants, 1935, 24, 160 ; ' 
1936, 25, 579). According to Thierfelder and 
and Von Cramm, glutamine is a component 'of 
protein molecules (Z. physiol. Chem. 1919, 105, 
58). For the formation of glutamine by enzymic 
digestion of gliadin, see Damodaran, Jaaback 
and Chibnall, Biochem. J. 1932, 26, 1704. 

The isolation of glutamine from beetroot can 
bo effected by the method of Schulze and Boss- 
hard (l.c.), modified in detail by Viclcery, Pucher 
and Clark (J. Biol. Chem. 1935, 109, 39). The 
roots are ground and pressed out. The residue 
is cytolysed in ether for 30 minutes and on 
pressing again the glutamine is expressed. 'The 
juice is treated with lead acetate, filtered and 
precipitated with mercuric nitrate at neutrality. 
The precipitate is decomposed with 10% sul- 
phuric acid and with hydrogen sulphide and 
the filtrate is concentrated in vacuo at not more 
than 60°C., refiltered and concentrated to crystal- 
lisation, when 2 vol. of ethyl alcohol are added. 
The product is crystallised from water by adding 

2 vol. of alcohol. A similar method'of extracting 
glutamine from expressed beet juice (giving 3 -4 g. 
per litre) has been described by Eisenschimmel 
(Z. Zuckerind, Czcchoslov. 1927, 51, 337). The 
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eynthesis of d-glutamine from <f-glutamic acid 
has been carried out by biienburg (Ber. 1935, 
68 [B], 2232). The y-ethyl ester of glutamic acid 
'tras converted to the carbobenzyloxy derivative 
and'treated rvith liquid ammonia at 15-20° and 
the amide so formed, 

PhCH20-C0-NH(C02H)-[CH2]2-C02H, 

vras hydrogenated in the presence of palladium 
catalyst to fZ-glutamine. The y-esters of 
glutamic acid have also been converted to the 
amide (glutamine) by vay of the hydrazide and 
azide (B.P. 437873). For the conversion of d- 
glutamic anhydride to d-glutamine, see Berg- 
mann, Zervas and Salzmaim, Ber. 1933, 66 [B], 
1288. For the biochemical synthesis of gluta- 
mine from ammonium glutamate, see Krebs, 
Biochem. J. 1935, 29, 1951. 

Glutamine crystallises in needles from aqueous 
alcohol, m.p. 184-185°; it dissolves in about 
25-7 parts of vater at 16° (Schulze and Godet, 
Landw. Yersuchs-Stat. 1907, 67, 313) and is 
sparingly soluble in alcohol. It is unstable in 
aqueous solution (Damodaran, Jaaback and 
ChibnaU, Z.c.) and behaves as a very veak acid 
towards indicators (Sellier, Chem. Zentr. 1904, 
I, 789). Glutamine is dextrorotatory in aqueous 
solution; seven specimens from various vegetable 
sources were found to have [a]D between -bl-9° 
and -r9-5°, the differences being probably due 
to the presence of the two stereoisomers in 
varjdng proportions (Schulze and Bosshard, 
Ber. 1885, 18, 390 ; Sellier, l.c . ; Schulze, Ber. 
1906, 39, 2932 ; Landw. Versuchs-Stat. 1906, 
65, 237). Schtdze and Trier (Ber. 1912, 45, 
257) found that a 4% aqueous solution of gluta- 
mine, purified through its copper salt, has [a]^ 
-f 6° to 4-7°, while for synthetic samples, Berg- 
mann, Zervas and Salzmann (Z.c.) give [a]^ 
-f8-0° and Kienburg (Z.c.) [a]j, -f8-3°. A 7-8% 
solution in 5% hydrochloric acid has [a]^ -f 31° 
to -f 32° (Schulze and Trier, Z.c., cf. Pellet, Chem. 
Zentr. 1911, 1, 1766, from Z. Zuckerind. Bohm. 
1911, 35, 437). For the refractive index, density 
and [a] of solutions of glutamine, see Eisen- 
schimmel (Z.c.). The isoelectric point is 8-0 to 
10-0 (Errera, Compt. rend. 1931, 193, 1347). 
In the presence of liver tissue, glutamine is con- 
verted into urea (Leuthardt, Z. physiol. Chem. 
1938, 252, 238) ; for the action of asparaginase 
on glutamine and also on asparagine, see Geddes 
and Hunter, J. Biol. Chem. 1928, 77, 197. 

The estimation of glutamine can be effected 
by Schlosing’s method (Schulze, J. pr. Chem. 
1885, [ii], 31, 233), ammonium salts being re- 
moved by distillation with magne.sia at a pres- 
sure' sufficiently reduced to cause the solution to 
boil at 40°. Under these conditions the amide 
group is not hydrolysed (Sellier, Bull. Soc. chim. 
SucT. Hist, 1907, 25, 124; Schulze, Landw. 
Versuchs-Stat. 1906, 65, 237). More recent 
determinations of glutamine by hydrolysis were 
carried out in solutions buffered to 6-5 
(ChibnaU el al., Biochem. d. 1935, 29, 2710; 
^Mendel and Vickery, Carnegie Inst. Washington 
Y^rbook, 1935, 34, 298). The van Slyke deter- 
mination of amino-compounds using nitrous acid 
gives abnormal results with glutamine but 
normal with a.sparagine, and these difference 


have been applied by ChibnaU and WestaU to 
the determination of glutamine in the presence 
of asparagine. For the determination of gluta- 
mine (-f asparagine) in citrus juices by formol 
titration, see Solarino, Ind. ital. conserve, 1938, 
13, 32. Titration constants for d-glutamine and 
d-fsoglutamine are given by Melvflle and 
Richardson (Biochem. J. 1935, 29, 187). For 
methods of separating and determining gluta- 
mine, see also Tanbock and Winterstein, Handb. 
Pflanzenanalyse, 1933, 4, 190 ; Chem. Zentr. 
1933, II, 3321 and Schwab, Planta, 1936, 25, 
579. 

Owing to the feebly acidic character of gluta- 
mine, very few salts have been isclated: the 
copper derivative, Cu(C 5 Hg 03 N 2 ) 2 > forms 
bluish-violet crystals, the cadmium derivative, 
Cd (C 5 Hg 03 N 2 ) 2 . fine prisms. Glutamine forms 
a compound with tartaric acid, that separates in 
large transparent crystals (Schulze and Godet, 
Z.C.). Phenylacetylglutamine has [ajj, —18° in 
2—4P/q aqueous solution; the specific rotation 
decreases in acid solution (Thierfelder and 
Sherwin, Z. physiol. Chem. 1915, 94, 1). N- 
cMoracetylglutamine forms needles from ethyl 
acetate, m.p. 130-132° and has [a]p —104° in 
water. For a description of dipeptides and tri- 
peptides containing glutamine, see Thierfelder 
and von Cramm, Z.c. ; also Abderhalden and 
Spinner, Z. physiol. Chem, 1919, 107, 1. 

d-fsoGlutamine, 

CON Hg-CH (N HajCHg-CHg-COgH, 

has been synthesised by Bergmann and Zervas 
(Ber. 1932, 65 [B], 1192) by converting the N- 
carbobenzyloxy derivative of (Z-glutamic acid, 

PhCHgOCO-N H-CH (C02H)-[CH2VC02H 

(m.p. 120°, [a]p — 7‘1° in acetic acid) into the 
anhydride (m.p. 94°) and so to the half amide, 
N-carbobenzyloxy-d-fsoglutamine, m.p. 175°, 
which on catalytic hydrogenation gives d-iso- 
glutamine, [a]^ +21*1° in alcohol. It is soluble 
in water but very sparingly so in organic 
solvents. 

By the action of alcoholic ammonia on the 
ester of d~ or Z-glutamic acid, the amide of the 
corresponding pyrrolidonecarboxylic acid is 
formed ; these are caUed glutimides by Menozzi 
and Appiani, and the d-, Z- and tZZ-forms have 
been described. 

CH^-CHgx 

d-Glutimide,' 1 >CH-CONH2,H20, 

CO— NH^ 

cij^stallises in needles belonging to the anorthic 
system, a:6;c=l'403:l:l-421, /S=86° 58'; it has 
m.p. 165° and [aJu -f41-29°. 1-Gluiimide has 
[a]j) —40° and has the same m.p. and other 
properties as its dextro-isomer. dd-Glutimide is 
formed when Z-glutimide is heated with alcohobc 
ammonia at 140—150°, or alone at 200° ; it has 
m.p. 214° (220-221°), the hydrochloride ciystal- 
lises in the orthorhombic sj^stem, 

a:6:c=0-8853:l:0"3866 

pienozzi and Appiani, Atti. R. Accad. Lincei., 
1892, 7, i, 33 ; Gazzetta, 1894, i, 24, 370). 

M. A. W. 
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GLUTAN IC ACID, a-Jiydroxijghilaric act'd. 

C0„H-CH(0H)CH„-CH„-C02H. 

(1) cf-a-Hydroxyglutaric acid, ni.p. 72® (from 

ether), [a]^ occurs in sugar-beet 

molasses (see Lippmann, Ber. 1882, 15, 1156; 
1891, 24-, 3301), is formed by the liydrolysis of 
l-a-chloroglutaric acid (E. Fischer and Morcschi, 
{it'd. 1912, 45, 2447) or in almost quantitative 
yield by the dismutation of mcthylglyoxnl 3 d- 
acetic acid bj' keloaldehj'dc mutaso from top- 
j’east (Neuberg and Collatz, Biochom. Z. 1930, 
225, 242), by the cnzjuno from germinating peas 
(Maj’cr, ibid. 1931, 233, 361), by animal gly- 
oxalasc (S. l*Hijise, ibid. 1931, 236, 237) or W 
the action of jB. coli (S. Vcibel, ibid. 1931, 232, 
435). 

(2) i-o-Hj'droxyglutarie acid, from d-glu(amic 
acid bj' HbiOo at —7°. has m.p. 72-73“ (Fischer, 
I.C.). Na sait“[a]’® -8-65“. 

(3) di-a-Hydroxyglutaric acid is isolated ns Zn 
ealt (-l-3H20) from the products of the action 
of MnO, on synthefic glptamic acid (Wolff, 
Annalon,l890, 260, 12). 

GLUTARIC ACID, 

a P y 

CO,HCH„-CH„-CHvCO„H. 

“ a ' p " a' “ 

occurs naturally in the juice of unripe sugar-beet 
and in the wash-water of crude wool. It is best 
prepared in the laboratory' bj' the acid hydrolysis 
of triraothyleno cyanide (Rcboul, Ann. Chim. 
Phy's. 1878, [v], 14, 501 ; Marvel and Ttdey, 
Organic Symtlicscs, 1926, 5, 69) or of mothylcne- 
dimalonic ester (Knoevcnngcl, Ber. 1894, 27, 
2346 ; Dressel, Annalen, 1890, 256, 176 ; Ottcr- 
bneher. Organic Syntheses, 1930, 10, 58) or by 
the oxidation of cyciopontanono with dilute nitric 
acid (Hentzschel and Wislicenus, Annalen, 1893, 
275, 315 ; Bo^dtltcr, J. Pharm. Chim. 1932, 
[viii], 15, 226). 

Glutaric acid crystallises in large monoclinio 
plates, m.p. 97-98“, b.p. 200°/20 mm. It is 
readily soluble in water (100 c.c. dissolve G3'9 g. 
at 20° ; Lamouroux, Compt. rend. 1899, 128, 
999) and in alcohol and ether. For the separa- 
tion of glutaric acid from succinic, adipic and 
pimelic acids, see Bouvcault, Bull. Soc. chim. 

1898, [iii], 19, 662. 

When aqueous solutions of glutaric acid are 
evaporated at 100° and the resulting syrup 
allowed to crystallise over HjSO^, butyro- 
kctone-y-carboxylic acid is formed, m.p. 49- 

CHg— CHgv 

1 >CHCOOH 

CO 

Ethyl butyrolactonecarboxylate is formed by 
the action of epichlorhydrin on ethyl sodio- 
malonate. Colourless oil, b.p. 176/25 mm. 
(Traube and Lehmann, Bor. 1901, 34, 1971).’ 

Dimethyl (b.p. 93’6-94'5°/13 mm.) and diethyl 
glutarate (b.p. 103-104“/7 mm.) are obtained by 
Cstorifying the acid with the respective alcoholic 
hydrogen chloride (Meerburg Rec., trav. chim. 

1899, 18 ,’373; Reboul, Lc., p. 606). When the 
acid is heated with acetyl chloride it yields the 


anhydride in needles, m.p. 66-57 (JIol, Rec. 
tmv. chim. 1907, 28, 381). On heating, am- 
monium glutarate is converted into ghitarimide, 
m.p. 162°. With phosphorus pcntachloridc or 
thionyl chloride, glutaric acid yields glntaryl 
chloride, b.p. 107-108°/10 ram. (Roboul, l.c., 
p.504; Ruggli, Annalen, 1913, 399, 179) which 
reacts as a mixture of the straight-chain form (a) 
and the cymlic form (6), 

' /CH«-COCI XHyCO 

CHC “ CH„ >0 

^CHyCOCI ^CHyCCL 

(a). (bl 


(Plant and Tomlinson, J.C.S. 1935, 856). For 
puqioscs of identification the following deriva- 
tives (in addition to the anhy'drido and imido) 
may bo tised: amide, m.p. 175°; anilide, m.p. 
126-127°; li-toluididc, m.p. 218°; -y-phenyl- 
phcnacyl ester, m.p. 162°; jt-nilrobcnzyl ester, 
m.p. 09°. 

Halogenoglutaric Acids. — a-Chloroijhilaric 
acid is obtained by the action of sodium nitrite 
on the hydrochloride of a-aminoglutaric (glu- 
tamic) acid ; it is a solid, m.p. 97-100° (Jochem, 
Z. physikal. Chem. 1900, 31, 124). Ethyl a- 
bromoghitaratc, b.p. 142°/11 mm,, is obtained by 
directly' brominating glntaryl chloride and 
pouring the product into alcohol (Perkin and 
Tattcrsall, J.C.S. 1905, 87, 300 ; Ingold, ibid. 
1921, 119, 310). P-Bromoglntaric acid, m.p, 
139-140°, is obtained by the direct addition of 
hydrogen bromide to glutaconic acid (Sseme- 
now, J. Russ. Phys. Chem. Soc. 1912, 31, 
389). 

Dibromination of glutaric acid (ns its chloride) 
yields a mixture of the two stereoisomeric oa'- 
dibromoglntaric acids (Auwers and Bemhardi, 
Ber. 1891, 24, 2230; Ingold, J.C.S. 1921, 119, 
316; Ing. and Pcrldn, ibid. 1925, 127, 2387); 
the meso-acid melts at 170° and forms n solid 
dimethyl ester, m.p. 46°, whereas the Ji-acid, 
m.p. 142°, forms a liquid dimethyl ester, b.p. 
143-146°/10 mm. Only one of the two possible 
aP'dibromoghitaric acids is known ; this form, 
m.p. 167°, is obtained by tlio direct addition of 
bromine to glutaconic acid (Verkade and Coops, 
Rec, trav. chim. 1920, 39, 686). 

Alkyl Derivatives. — a-Methylghitaric acid, 
m.p. 79°, is best obtained by the acid hydrolysis 
of ethyl propane-ayy-tricarboxylate (AuAvers, 
Annalen, 1896, 292, 210; Mellor, J.C.S. 1901, 
79, 128) and has been resolved, the d-acid, m.p. 
81°, having [aj^ +20° in water (Berner and 
Leonardsen, Klg. Norske ’Pidensljab, Sellcabs. 
Forh. 1936, 7, 126). ^-Methylglutaric acid, 
m.p. 86°, is obtained by acid hy^olysis of the 
Michael addition product from ethyd malonate 
and ethyl crotonate (Auwers, Ber. 1891, 24, 
308 ; Auwers, Kobner and von Meyonburg, ibid. 
2888). 

aa-Dimethylglntaric acid, m.p. 85°, is best pre- 
pared by heating aa-dimethylbutyrolactone -with 
potassium cyanide in a sealed tube at 270° and 
hydrolysing the product with alkali (Blanc, 
Bull. Soc. chim. 1905, [iii], 33, 886). j3j3- 
Dimethylglutaric acid, m.p, 101°, is obtained by 
the hydrolysis of the cyano-imide formed by 
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condeiiEation of ethyl cyanoacetate irith acetone 
in the presence of alcoholic ammonia (Guareschij 
Atti Pi. Accad. Sci. Torino, 1901, [ii], 50, 235; 
Kon and Thorpe, J.C.S. 1919, 115, 694; Vogel, 
ibid. 1934, 1758), this process may be extendi^ 
to the preparation of the a)3^-triall< ylglutaric 
acids (Kon and Thorpe, ibid. 1922, 121, 1795) or 
by the hypobromite oxidation of dimethyl, 
dihydroresorcinol (Komppa, Ber. 1899, 32, ' 
- 1423 ; Walker and Wood, J.C.S. 1906, 89, 59.9). 
a^-Dirnethylglutaric acid, m.p. 87°, is obtained, 
.by hydrolysis of the corresponding imide (Thorpe 
and Young, ibid. 1903, 83, 357). aa'- Dimethyl, 
glutario acid is obtained (i) by the action of 
methylene iodide on ethyl sodio-a-cyanopro- 
pionate, followed by acid hydrolysis of the 
resulting cyano-ester (Zelinsky, Ber. 1899, 22, 
2823), (ii) by hydrolysis and decarboxylation of 
ethjl aa'-dimethjl-a-cjanojrlutarate (Howies, 
Thorpe and XJdall, J.C.S. 1900, 77, 949) and 
(iii) by acid hydrolysis of the condensation pro- 
duct from ethyl methylmalonate and ethyl a- 
methylacrylate or ethyl a-bromoisobutjTate 
(Auwerscand Jackson, Ber. 1890, 23, 1611; 
Auwers and Thorpe, Annalen, 1895, 285, 310; 
Auwers and Kobner, Ber. 1891, 24, 1936). The 
meso; m;p. 128°, and racemic, m.p. 143°, forms 
may be separated by treatment of the mixture 
with acetyl chloride, whereby the latter is con- 
verted into the anhydride. (S'ee aUo Caeeoxyi-tc 
Acms.) 

H. K. R. 

GLUTEN (a.VoLH, 84<;). 

GLUTENIN, GLUTELIN (v. Vol. It, 
85bc). 

“ CLUrOLlN ’• (V. Vol. n, 480a). 

GLYCERIC ACID, 

H0-CH2'CH(0H)C02H. 

di-GIyceric Acid is prepared by the action of 
fuming nitric acid (1 part) on a 50% aqueous 
solution of glycerol (2 parts). The acid is 
separated from the products of the reaction in 
the form of the lead or calcium salt and isolated 
by treatment of these salts with hydrogen 
sulphide or oxalic acid respectively (Debus, 
Annalen, 1858, 106, 80 ; Eedstein, ibid. 186X, 
120, 229; Moldenhauer, ibid. 1864, 131, 324; 
Mulder, Ber. 1876, 9, 1902; Bottinger, ibid', 
1877, 10, 267 ; Eosenthal, Ann alen, 1886, 233, 
16; Meyer, Ber. 1886, 19, 3294; Lewkowitsch, 
ibid. 1891, 24, Ref. 653 ; Wohlk, J, pr. Chern. 
1900, [ii], 61, 209). Also prepared, together with 
other products, by the action of air or H 2 O 2 on 
an alkaline solution of glucose (Glattfield, J, 
Amer. Chem. Soc. 1929, 50, 151; cf. Ke^ 
Annalen, 1914, 403, 217). Glyceric acid forms 
a thick sy^p, soluble in water and alcohol but 
insoluble in ether. 

Meihyl ester has b.p. 119-120°/14 mm., dj® 
1-2814. Ethyl ester has b.p. 120-121°/14 mm., 
^is 1'1909 (Frankland and McGregor, J.C.S. 
1893, 63, 512). 

rf-Gfyceric Acid. The calcium salt is oh- 
tamed firom the corresponding salt of the dU 
acid by the action of E. ethaceticus (FranklamJ, 
^ ah, J.C.S. 1891, 59, 97; 1893, 63, 296); c,f 
P. ^aucum (Lewkowitsch, Ber. 1883, 16, 2720; 
McKenzie and Harden, J.C.S. 1903, 83, 431) - 


or by the action of A. niger and A. griseus on 
d^-glyceric acid (Mackenzie and Harden, l.c.) ; 
also by the fractional crystallisation of the 
brucine salts formed by the dl-acid (Frankland 
and Done, ibid. 1905, 87, 622). The aqueous 
solution of the acid is dextrorotatory, the salts 
are Irevorotatory and more soluble in water than 
those of the dLacid. 

-The methyl ester has b.p. 119-120°/14 mm., 
djg 1-2799, [a]o“ -4-80°, the ethyl ester has dj® 
1-1921, [a]^*' —9-18° (Frankland and McGregor, 
ibid. 1893, 63, 511). The amide forms plates or 
prisms, m.p. 99-5-100°, df® 1-3347, [4^ 
39-98° (Frankland, Wharton and Aston, ibid, 
1901, 79, 269). 

(-Glyceric Acid, prepared by the action of 
milk of Kme on glucuronic acid (Keuberg and 
Silberroann, Ber. J9D4, 37, 339). The salts are 
dextrorotatory, the barium salt having [ajn 
-M7-l°. 

G L YCER 1 N (G lycerol ; a)3y-trihydroxy- 
propane; l:2:3-propanetriol, 

CH2(0H)CH(0H)CH2(0H)), 

a trihydric aliphatic alcohol occurs in combina- 
tion with fatty acids as esters or “ glycerides ” 
in all fatty oils and fats. Glycerin was dis- 
covered by Scheele (CreU’s Chem. J. 1779, 4, 190 ,- 
Crell’s Chem. Ann. 1784, 1, 99) in the course of 
studies on the action of litharge on olive oil 
(preparation of “ lead plaster ”) and other fatty 
oils, and termed by him principium dtdcc' 
oleorum. 

The name glycerin (from the Greek yXvKepos, 
sweet), later modified to glycerol ^ in conformity 
with the usual nomenclature for alcohols, was 
conferred upon it by Chevreul, who recognised 
it as an essential and characteristic component 
of the fats, and pointed out the nature of its 
association with the fatty acids therein. 

I The composition of glycerol was ascertained by 
Pelouze (Ann. Chim. Phys. 1836, [ii], 63, 19; 
Compt. rend. 1845, 21, 718) and its constitution 
was finally established by* the work of Berthelot 
(Ann. Chim. Phys. 1854, [iii], 41, 216) and of 
Wurtz (Compt. rend. 1857, 44, 780; Annalen, 
1857, 102, 339) and confirmed by its synthesis 
by Friedel and Silva (Compt. rend. 1872, 74, 
805 ; 1873, 76, 1594) and by Piloty (Ber. 1897, 
30, 3161). The fatty ods and fats consist 
essentially of glycerides, the esters formed by the 
combination of fatty acids with glycerol with 
the elimination of 3 mol. of water, as expressed 
by the following equation : 

/OH fRCO-OH 

CsHg^OH + <^RiCO-OH ^ 

\0H iRaCO-OH 

/O-OCR 

CgHgfo-OCRi-bSHaO 

\O-OCR 2 

in which RCO-, B^CO-, B^CO- represent 
radicals of fatty acids, which may be aU alike, 
or derived from different fatty acids. 

^ In view of the common usage of the trivial name 
glycerin, it is convenient to retain this to denote the 
ordinary technical or commercial material, and to 
reserve the term glycerol for the pure chemicaL ' 
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Propylene is chlorinated directly at a tempera- 
ture of 500°C. (the so-called “ hot chlorination 
process,” cf. GroU and Heame, Ind. Eng, Chem. 
1939, 31, 1530) to yield allyl chloride, from which 
the synthesis of glycerol may proceed by either 
of two routes. Thus allyl chloride may be 
treated with caustic soda at a controlled ‘pn 
of 8-11 to convert it into aUyl alcohol: this 
reacts with aqueous h 3 rpochlorous acid to form 
glycerol mono- and di-chlorohydrins, which in 
turn are hydrolysed by a solution containing 
10% of caustic soda and 1% of sodium carbonate 
to yield glycerin. The alternative method 
(which appears to be preferable for large scale 
production) is to chlorohydrinate the allyl 
chloride directly, by treating it with a solution 
of hypochlorous acid and sodium chloride (pre- 
pared by the action of chlorine on caustic soda 
solution) so as to obtain glycerol dichlorohydrin 
(in 90-95% yield), which is then hydrolysed to 
glycerin by the aid of caustic soda or caustic 
soda and hme. The crude glycerin synthesised 
by such methods is concentrated and distilled : 
bj'’ taking appropriate cuts during the distilla- 
tion, and refining them by extracting coloured 
impurities •vv’ith xylene (r. Shell Development Co., 
U.S.'P. 2154930) and redistilling, a glycerin 
meeting aU commercial specifications may be 
recovered in high yield. 

Laboratory preparations of glycerol from 
propylene (itself synthesised from acetylene) via 
tribromopropane or trichloropropane have been 
described by Berthelot {lx.) and Wurtz (?.c,). 
Allyl alcohol may be oxidised to glycerol by 
means of potassium permanganate (Wagner, 
Ber. 1888, 21, 3347, 3351), or by potassium 
chlorate in the presence of osmium tetroxide as 
catalyst (Hofmann, Ehrhart and Schneider, 
ibid. 1913, 46, 1657, 1667). 

Glycerol may likewise be prepared from pro- 
pane, which itself may be recovered from 
petroleum. 

Crude glycerin is obtained on the large scale 
from fats and oils as a by-product of soap- 
making and of the various saponification pro- 
cesses (fat-hydrolysis) practised in soap and 
candle works for the manufacture of fatty acids. 
According to the process by which the fat is 
hydrolysed, the foUo^ving five commercial 
qualities of glycerin have been distinguished 
hitherto, viz : (1) Soap-Lye Glycerin, or Soap 
Crude Glycerin; (2) Saponification Crude Gly- 
cerin; (3) Twitchell Crude Glycerin; (4) Crude 
Distillation Glycerin ; and (5) Fermentation 
Crude Glycerin {N.B. this refers to the glycerin 
obtained by hydrolysing fats by the help of 
enzymes or ferments, and not to glycerin ob- 
tained from the fermentation of sugars). In 
view of potential developments discussed above, 
crude glycerin derived from the fermentation 
of sugar and, perhaps, also synthetic crude 
glycerin should be added to complete the list of 
crude glycerins from aU sources. Typical 
analyses of some crude glycerins are 8ho^vn in 
Table I. 

In the soap and stearine industries, the by- 
product glycerin is obtained as a dilute aqueous 
solution (soap lyes or “ sweet waters ”), con- 
taining varioM impurities, viz., salts, inorganic 
and/or organic acids and other organic sub- 


stances — the nature and quantity of which 
depend upon the manufacturing processes them- 
selves — and which must be removed as far as 
possible before the liquors can be concentrated 
by evaporation to obtain commercial crude 
glycerin. The method employed depends 
naturally upon the type of impurity to be 
eliminated. 

The organic contaminants, which . although 
small in quantity may cause considerable diffi- 
culties in the processing, may arise from the use 
of low-grade, impure or deteriorated fats for 
saponification. The purest raw material results 
from saponification by means of lime in open 
vessels ; hardly inferior to this is the glycerin 
obtained by “ autoclaving.” Less pure is the 
raw material recovered from the “ acid saponifi- 
cation process,” “ TwitcheU’s process,” and the 
“ ferment process.” The crude glycerin ob- 
obtained from soap lyes, notwithstanding its 
high proportion of inorganic salts, may, on the 
one hand, surpass in purity {i.e. as regards the 
amount of organic impurities) the crude material 
from the last-named processes ; but, on the 
other hand, it may be very impure if fats and 
oils of low quality have been saponified by means 
of black-ash lyes, as was done until some years 
ago in Lancashire and in Marseilles. Modem 
processes of refining have', however, overcome a 
number of difficulties caused by the several im- 
purities, so that to-day a chemically pure 
glycerol from good soap lyes cannot be distin- 
guished from chemically pure glycerol obtained 
by lime saponification. Crude glycerins further 
vary as regards quality in accordance with the 
care exercised in the manufacture. Crude gly- 
cerins obtained from the acid saponification, the 
TwitcheU and the ferment processes, retain 
tenaciously certain impurities and are therefore 
rather more difficult to purify. 

(1) Soap-Lye Glycerin, Soap Crude Gly- 
cerin, Soap Crude. — Since Cheyreul estab- 
lished the constitution of fats and oils, it has 
been known that the spent soap lyes, obtained 
in the manufacture of soap by boih’ng oils and 
fats in an open pan with caustic soda, contam 
practically all the glycerol which the natural oils 
and fats are capable of yielding. During the 
first half of last century, however, no attempt 
was made to recover the glycerol from those 
lyes, not only on account of the difficulty 
attending this operation, but also for the reason 
that the small demand for glycerin then ruling 
in the market could be readily satisfied by the 
candle makers’ crude glycerin. When, at the 
end of the ’seventies of the last century, a great 
demand for nitroglycerin {dynamite) sprang up, 
attention was drawn to this source of glycerin, 
and serious endeavours were made to recover 
the hitherto wasted product. Although as early 
as 1858, H. Reynolds had patented (B.P. 1322) 
the main features of a process of recovery, 
features which essentially reappeared in all 
subsequent processes, yet serious failure at first 
attended all attempts at the recovery of glycerin, 
on account of the considerable amount of im- 
purities in the spent lyes, and most prominently 
on account of the large amount of dissolved salts. 
The first process to achieve successful technical 
production of crude glycerin from soap lyes was 
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patented in 1S79 by Thomas, Fuller and King 
(B.P. 1282). Jlodcrn processes, especially im- 
provements in apparatus on the one hand, and 
the rapidl3' growing omplojnnent in the soap in- 
dustry of caustic soda of the highest piiritj', 
tended to evolve a process which is now worked 
with more or less success in all the large soap 
works, nob onl^' of Europe and America, but also 
of Australia, Africa, India and New Zealand. 
The earliest successful attempts to recover 
glj’-corin from soap l.ves were made in English 
soap works, which wore the largest soaporics of 
the world ; this process inaj' be said to have 
established its success in Great Britain towards 
the middle of the ’eighties of the last century. 
Since that time, crude pli’cerin recovered from 
soap l^'es, “ soap crude gli’corin,” has established 
its great importance in the world’s commerce. 

According to the manner in which the soai) 
is processed, the spent Ij’cs contain from G to 
8% of gl^’^cerol, also the' common salt used in 
“ cutting ” or “ graining ” (i.c. salting-out) the 
soap, and small amounts of free caustic soda, 
sodium carbonate, soap and organic impurities. 
The smaller the amount of free caustic soda, 
sodium carbonate and organic impurities 
present, the more readily' can the process of 
recover^' and purification bo carried out. In 
cases where impure caustic soda Ij’cs have been 
used,, the spent soap lyes ma}* contain, in 
addition to the substances enumerated above, 
thioc3'anates, sulphides, thiosulphates, c3'nnidcs, 
and.fcrro-cyanides. These impurities were pre- 
sent in the crude (black-ash) l3^cs which wore at 
one time used in the Jrarseilles district. The 
difficulties caused thereby in the recovery of 
crude gl3fcerin, coupled with the establishment 
of Solvay’s soda works in that neighbourhood, 
led to the almost complete abandonment of 
black-ash lyes, so that even in Marseilles the vast 
majority of soaps are now prepared with pure 
caustic l3'es. The exact treatment of the l3'es 
in a soap works depends on the state of purity of 
these tyes, and has, as its object, the removalbr 
destruction of the soapy, resinous, albuminous 
and mineral impurities present, so that the final 
dilute glycerin liquors passing to the evaporators 
shall contain practically no impurity other than 
common salt. 

This is achieved by first separating any un- 
decomposed fat, then very carefully acidif3dng 
with hydrochlorie acid to decompose traces of 
soap, and adding ferric chloride (or less commonly 
aluminium sulphate) until no further precipita- 
tion takes place. (ITormerly iron sulphate was 
much used, c/. Van Ruymbeke, U.S.P. 468647 ; 
G.P. 86G63). The liquor is then filter-pressed, 
made alkaline to precipitate any excess of iron 
and again filter-pressed. Other methods (cf. 
Schlenker, Chem. Umschau, 1932, 39, 28) in- 
volving the use barium carbonate and other 
salts have been proposed but are not much used 
on the large scale. 

If “ chemically pure ” glycerin is subse- 
quently to be prepared from the crude product, 
attention must be paid to the elimination of 
arsenic compounds, and arsenic-free reagents 
should be emplo3’'ed for the purification of the 
lyes. A. C. Langmuir (Ind. Eng. Chem. 1932, 
24, 378) states that simple treatment with crude 


ferric sulphate and filtration is sufficient to 
remove arsenic from spent lyes. The removal 
of arsenic from concentrated glycerin solutions 
is more troublesome (v. infra, “ C.P. Glycerin ”). 

The chief difficult3' attending the concentra- 
tion of the purified soap l3'es arises from the 
high content of common salt ; for, unless special 
arrangements are made, the salt is liable to 
cr3’8lnllise out as a deposit on the walls and in 
the tubes of the evaporator, reducing its working 
elRcicnc3' and necessitating frequent stoppages 
for cleaning. 

In the cnrl3'’ days of the industry, the con- 
centration of tlio purified gl3'cerin liquors was 
carried out in fire- or steam-heated open pans 
of conical shape, so that the salt, as it crystal- 
lised, could slide down into a vessel fixed to the 
bottom of the pan, whilst rotating gear kept the 
heating surface free from incrustation. In tho 
case of large and modern installations, the lyes 
arc evaporated, usuall3' under reduced pressure, 
with tho help of steam in single- or multiple-effect 
closed evaporators of sjiecial design. Tho Foster 
dovhh-cjfccl evaporator, illustrated in Fig. 1 (c/. 
Foster, B.P. 3118/1895, 23681/1899, 26836/1902), 
which is most commonl3'’ used in England, is a 
t3’picnl example of such apiiaratus. Thegl3meriu 
liquors arc heated as they circulate from tho 
conical bottom of tho evaporator up through 
a number of narrow tubes located in the 
cnlandria or steam-chest into the vapour zone 
or evaporation space proper, where some of the 
water volatilises : thence tho liquors return for 
recirculation to the bottom of tho vessel through 
tho Avide downcomer which is a notable feature 
of all such evaporators, and facilitates tho rapid 
circulation of the l3*es. Various other patented 
evaporators — such as tho Scott and tho Ameri- 
can Wiirstcr-Sanger, Oarrigue and Buflovak 
CA'aporators — differ in details of construction,^ 
but embod3' similar principles, tho object of the 
design being to achieve a rapid, positive cir- 
culation of the lyes without churning, so that a 
high rate of heat transfer and evaporation is 
attained, and tho separating salt crystals are 
able to groAV freely and to settle down on the 
bottom of the evaporator, whence they are with- 
drauTi continuously or intermittently by suitable 
salt-extractors or salt-drums, Avithout breaking 
the vacuum in the evaporator. 

In tho Blair, Campbell and McLean system, 
tho lyes are heated under pressure (so that no 
salts arc deposited in the tubes), and tho actual 
evaporation is produced by “ flash ” effect in 
a separate vessel remote from the source of 
heat. 

Tho Avell-knoAvn Kestner climbing-film eva- 
porator has also been adapted for concentrating 
glycerin by the provision of a salt-separating 
vessel through Avhich the liquors flow after each 
passage up the tubes of the evaporator (u. 
Evapokation, Vol. IV, p. 4106) ; as a rule, two 
or four evaporating units are coupled AAdth one 
salt-separating vessel. 

^ The various English and American evaporators are 
illustrated, and their operation, described in some detail 
by E. T. Webb, " Soap and Glycerine Manufacture,” 
London, 1927 ; G. Martin, “ Modern Soaps and 
Detergents Industry,” Voi. Ill, London, 1925 ; and by 
J. W. LaAvrie, " Glycerol and the Glycols,” Ncav York, 
1928. 
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The collected salt sludge is ultimately filter- required by commerce, if the boiling-point is 
pressed or centrifuged, and -washed -with purified 150°. The crude glycerin then contains 80% 
dilute glycerin lyes in order to recover any en- of pure glycerol, and about 10% of salts, the 
trained glycerin. The salt itself is recovered in remainder consisting of water and a small 
a sufiicient state of purity to be returned to the amount of organic impurities. If the con- 
soapery. centration is carried a little further, crude 

The glycerin solutions are concentrated until glycerin, containing as much as 86% of glycerol, 
the crude glycerin has reached a sp.gr. of l-S. can readily be obtained. 

The progress of concentration is controlled by The proportion of organic impurities in soap- 
the sp.gr. test, or, equally well, by taking out lye glycerin varies considerably, depending on 
samples and ascertaining the boiling-point in a the process of purification and the care of the 
porcelain dish, by means of a thermometer, operator. Some commercial “ soap crude ” gly- 
while the contents of the dish are kept stirred, cerins contain less than l%,bf organic impurities 
so that the salt may not cause bumping of the {thus representing a better quality glycerin than 
contents or cracking of the dish. The glycerin “ crude distillation glycerin,” crude glycerin 
has reached the sp.gr. of 1-3 and the percentage from the “ TwitcheU process,” and crude gly- 



Fig. 1. — Section of Foster’s patent Evaporator. 


cerin from the “ fermentation process ”), Other mon salt contained therein. Impxue samples 
specimens of crude glycerin, again, contain large have a most unpleasant garMc-like taste, even if 
quantities of impurities, consisting of fatty acids, sulphides be absent. This is specially character- 
rosin acids, and of albuminoid substances, istio of the lyes obtained in the Marseilles dis- 
gelatin and hydrocarbons (from bone fat), and trict, owing to the use of “ sulphur ” olive oil. 
also trimethyleneglycol in the lyes resulting from Soap-lye glycerin can be rapidly distinguished 
bone fat which have been allowed to ferment, from the crude glycerins described below by the 
Even organic bases, amongst which picoline and large proportion of common salt which it con- 
lutidine were identified, have been found in the tains (heavy precipitate with silver nitrate 
distillates^ from such impure glycerins (Lewko- solution) and by its high specific gravity, 
witsch, “ Oils, Fats and Waxes,” 6th ed., 1923, Crude soap-lye glycerin, if containing consider- 
Vol. Ill, 385. able quantities of sulphides, thiosulphates or 

The colour of “ soap crude glycerin ” is pale- sulphites, is almost valueless to the refiner of 
yellow to brown, or almost black, according to crude glycerin. 

its purity. The taste of good “ soap crude ” is Table I illustrates the composition of recent 
sweet, modified, of course, by that of the com- soap-lye and saponification crude glycerins. 



GLycmRTN, 


46 


Tablk I. 


Soap-Lye Crude Geyoeuin. 



1. 

«> 

y. 

4. 

5. 

Sp.gr. at 15-5° 

i-.IOIG 

l-2fl01 

1-2971 

1-30G2 

1-3073 

Total acetyl value 

83-38 

81 -GG 

82-72 

84-91 

87-24 

Acetyl value of residue .... 

— 

0-CG 

0-51 

2-39 

1-01 

Not glycerol 

— 

81 -00 

82-21 

82-52 

8G-23 

Ash 

fl-45 

O-IO 

9-26 

9-51 

8-88 

Organic residue 

1-5G 

2-07 

1-26 

3-16 

1-29 

Water 

5-79 

6-60 

7-01 

4-90 

3-24 


100-18‘ 

98-87 

99-72 

100-09 

99-04 


Saponikioation Crddj: GrA'onniN. 



1, 

2. 

3. 

4 

5. 

Sp.gr. at 15-.5‘’ 

Total acetyl value 

1-2517 

1-24 17 

1-254G 

1-2579 

1-2472 

90-18 

88-57 

8G-0G 

91-85 

90-88 

Acet)'! value of residue .... 

0-20 

— 

0-73 

0-31 

— 

Net gh’cerol 

89-98 

— 

85-33 

91-54 

— 

AsJi 

0-97 

0-S3 

2-47 

1-39 

0-47 

Organic residue 

1-30 

0-48 

2-72 

1-13 

0-33 

Water 


10-05 

9-24 

5-82 

8-34 


99-801 

99-93 

99-7C 

99-88 

100-02 


^ 'Wlien the organic rc'iidiic of soap crude glycerin is less than 2-5% It Is onslomary in the trade not to 
determine the acetyl value of the residue. In such eases the sum of total acetyl value, ash, organic residue 
and water will usually he a little over 100. When the acetyl value of the residue Is dclerinined and 
deducted so as to arrive at not glycerol the sum will usually he a little less than 100. In the case of 
saponlllcatlon crude glycerin the acetyl value of a residue less than 1% Is not usually determined (sec p. 026). 


(2) Saponification Crude Glycerin. — ^Thi-s 
product rcprc.sonts the best quality of crude 
glycerin. It is recovered from tlio “ sweet 
waters ” of the autoclave process (a process in 
Avhicli fats are hydrolysed with water at high 
temperatures and ])ressures in the presence of 
small quantities of lime, magnesia or v.inc oxide 
as catalyst) or as a by-product from the manu- 
facture of soap by double decompo.sition. (In 
this method the fats are completely converted 
into calcium soaps by treatment w'itli excess of 
lime and umter, and subsequently converted into 
sodium or potassium soaps by double decom- 
position with appropriate alkali salts : the gly- 
cerin liquors aro washed out of the limo soaps 
at the end of the first step in the process.) 

The proportion of glycerin in tho “ sweet 
waters ” varies from about G to 1G%. The re- 
fining of these liquors is comparatively simple, 
and some of tho operations necessary for tho 
treatment of soap lyes may bo omitted. Pre- 
liminary purification may bo olFected by partial 
concentration over closed steam coils assisted by 
skimming, Tho liquors are then acidified with 
sulphuric acid, in order to decompose metallic 
hydroxides and soaps, and after filtering off any 
separated fatty acids, tho solution is noutraliscd 
with lime and concentrated in single- or multiplo- 
effect evaporators : since the purified autoclave 
sweet waters ” contain relatively little dissolved 
salts, tho provision of special salt-extractors, etc.. 


•such as are required in dealing with soap crudes, 
is superfluous. 

The evaporation is carried on until tho crude 
glycerin contains about 85-00% of glycerol. 
Its sp.gr. is then from L240 upwards, corro- 
sponding with tho commercial brand of “ 28°B6. 
saponification crude ” or “ candio crude gly- 
cerin.” colour of this gl^morin varies from 
yellow to dark-brown ; its tasto is swoot. With 
basic lead acetate, it givc.s but a slight precipi- 
tate. By refining this crude glycerin with 
charcoal, a “ refined ” glycerin (used for a 
number of commercial purposes) is obtained. 
This crude glycerin contains np to 0'3% of ash, 
chicflj’' calcium (or magnesium or v.ino) sulphate, 
and only small quantities of organic impurities. 
It is valued on tho percentage of pure glycerol, 
of ash and of organic impurities. 

Tho “ Bwcot water ” obtained in tho process 
of soap making by double decomposition is 
treated in tho same manner as described above, 
and yields a good “ saponification crude,” which 
is equal in quality to a “ candle crude glycerin,” 
provided that the original fatty matter- was of 
good quality. Since this process is used in 
small works only, where chiefly low- quality 
greases aro worked up, tho crude glycerin 
thus obtained may have a very high ash con- 
tent and is apt to contain a considorablo amount 
of organic impurities, so that it is liable to fer- 
ment when stored. (The experience of Levvko- 
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witsch that such crude glycerins did ferment 
shows that the organic impurities in low-class 
grease are not destroyed by treatment with 
hme.) In the course of the fermentation, tri- 
methyleneglycol is formed. 

(3) Crude Glycerin from the Twitchell 
and Analogous Processes. — ^This kind of 
crude glycerin is obtained from the acid “ sweet 
waters ” resulting from the TwitcheU process of 
fat-splitting, which consists in treating the fat 
TOth water containing a little sulphuric acid in 
the presence of a complex organic sulphonate as 
catalyst. The acid liquors are treated wth 
baryta or barium carbonate or lime to precipi- 
tate as far as possible the dissolved sulphuric 
acid, after which the purification and con- 
centration proceed as described under “ saponifi- 
cation crude glycerin.” Any dissolved calcium 
sulphate may be removed by precipitation with 
barium hydroxide or carbonate, in order to 
avoid complications during the evaporation. 
The purified liquors are concentrated up to a 
sp.gr. of about 1-24 or more. The quality of this 
crude glycerin varies considerably with the 
quality of the fatty material from which it has 
been obtained. If the raw material is of good 
quahty, the glycerin is fairly good; but even 
in that case, ovung to the high amount of ash 
it contains, and o\ving to its unpleasant taste, 
it is valued at a somewhat lower price than is 
crude candle glycerin. Since the Twitchell 
saponification process is best adapted to low- 
class material (such as greases), the glycerin 
obtained from such material contains so con- 
siderable an amount of organic 'impurities that 
it cannot be refined by itself, even for the pro- 
duction of dynamite glycerin. Each special 
make of such glycerin must therefore be valued 
on the basis of the impurities it contains. 

(4) Crude Distillation Glycerin. — ^This 
kind of crude glycerin is obtained from the acid 
water resulting from the so-called acid saponifi- 
cation processes in. which fats are hydrolysed 
with the help of sulphuric acid. It is termed 
in commerce “ crude distillation glycerin ” for 1 
the reason that the fatty acids obtained by this 
process must be distilled to yield candle material. 
The dilute glycerin waters (“ sweet waters ”) 
are worked up in much the same manner as 
described under “ Twitchell glycerin.” Owing 
to the large amount of sulphuric acid used in the 
process, a considerable quantity of salts remain 
in solution after the mineral acid has been 
neutralised with lime. As the concentration of 
the solution proceeds, esjjecially when the 
thickened liquor approaches the sp.gr. of 1'240, 
calcium sulphate separates out and is deposited 
on the heating surface of the evaporating 
apparatus in the form of a hard crust, thereby 
rapidly diminishing the evaporative power of the 
steam. This diflSculty is obviated by employing 
a type of evaporator which permits the heating 
surface to be continuously scraped. 

The finisned crude distillation glycerin con- 
tains considerable proportions of calcium sul- 
phate, inasmuch as the solubility of calcium 
sulphate in glycerin (see below) is increased by 
the organic impurities which are also present. 
The ash of this kind of crude glycerin rises to as 
much as 2 and even 3-5%. The amount 


of organic impurities is greater than in crude 
saponification glycerin, and may rise to even 
2%, the colour is usually pale-yeUow, the taste 
sharp and astringent, and when rubbed between 
the hands it emits an unpleasant odour. On 
adding basic lead acetate, a voluminous pre- 
cipitate is obtained ; hydrochloric acid produces 
a turbidity, due to the presence of fatty acids. 

The trade term for this kind of glycerin is 
“ crude distillation glycerin, 28°Be,” it has 
sp.gr. 1-240-1-242, and as a rule contains from 
84 to 86% of glycerol. 

(5) Fermentation Crude Glycerin. — ^The 
“ sweet water ” from the hydrolysis of fats by 
means of enzymes is rich in proteins and other 
organic impurities. In addition to the usual 
treatment described above, it must be filtered 
over char, which retains the bulk of these im- 
purities. Nevertheless, a certain amount is still 
retained and the finished crude is not only dark 
in colour, but has also a very unpleasant odour 
and taste, even if the glycerin be made from 
good raw material, such as refined cotton-seed 
oil or refined linseed oil, and in the infancy of 
the process this crude glycerin was practically 
unusable. In consequence of improvements, 
the amount of impurities has been considerably 
reduced and a sample examined by J. Lewko- 
witsch (op. cit. Ill, 379) give the following some- 
what favourable results : sp.gr. 1-2369 ; ash, 

0- 49% ; organic impurities (proteins, etc.), 

1- 54%. But the difiSculties have not yet been 
surmounted, and the process is stiU but little 
used. This product, like the TwitcheU crude 
glycerin, is difficult to refine by the usual process 
of distillation and must be mixed in the stiU 
%vith better kinds of crude glycerin. 

(6) Crude Glycerin from the Fermenta- 
tion of Sugars. — The purification of the 
relatively dilute glycerin liquors obtained from 
the fermentation process presents special pro- 
blems on account of the quantity dnd variety 
of the associated contaminants. After filtering 
the fermented mash to remove the yeast, the 
pleared glycerin slop may contain only from 2 to 
7%’ of glycerol together with a wide variety of 
organic products of the fermentation, alkaline 
salts, sulphites and other inorganic salts which 
were originaUy added as nutrients for the yeast. 
Alcohol, aldehydes and other volatile impurities 
may be removed by distiUation. According to 
Verbeek’s description of the process used by 
the Protol Co. in Germany (Seifens.-Ztg. 1921, 
47, 591, 633), this distiUation was continued 
until the liquors reached the point of incipient 
crystallisation of the contained salts ; the con- 
centrated solution (containing some 14-18% of 
glycerol) was settled, filtered and treated with 
calcium chloride and calcium hydroxide to 
precipitate the bulk of the salts present. These 
were removed by filtration, and the iron and 
calcium salts in the filtrate were precipitated 
by the addition of sodium carbonate in the 
presence of a little solid ferrous sulphate (the 
calcium salts might also be precipitated as 
insoluble oxalate, cf. Vereinigle Chem. 'VVerke, 
Altenburg and Menz, G.P. 403077), and the 
filtered solution was acidified with hydrochloric 
acid prior to the final evaporation to “ crude 
glycerin.” Even the best crudes obtained. 
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however, did not contain more tlmn 00 % of 
glycerol, and were heavily' contaminated with 
sulphites, thiosulphates and trimethylenc 
glycol, etc. Kellner (Z. dent. Ocl- u. Fett-Ind., 
1920, 40, 077) states tliat it was found impossible 
to prepare a pharmaceutical qiiality of gl 3 'ecrin 
from these crudes. 

Improved methods for the purification and 
rccoverj* of d 3 ’namito gl 3 'ccrin from fermented 
blackstrap molasses liavo been patented by Du 
Pont de Kemours & Co., U.S.P. 1020980, 
1027040, 1881718, 193G497; B.P. 31G5G7, 
31G597, 410782, etc. ; Barbet ct Fils & Cie., 
B.P. 1G8835, and crudes containing 75% of 
gl 3 ’cerin have been produced. These are, how- 
ever, dark in colour and contain a considerable 
amount of oi-ganic impurities which tend to 
cause c.xcessive foaming and other difficulties 
in the subsequent distillation. 

(Idethods for the anal 3 ’sis of sugar fermenta- 
tion crude gl 3 ’ccrins worked out b 3 ' Cocking and 
Lill 3 % Fachini. Lawrio and others are described 
by J. W. Lawrie, “ Gl 3 ’ccrol and the Gh'eols,’’ 
London and New York, 1928, pp. 139-151). 

Considerable quantifies of crude glycerin, 
especially crude saponification glycerin, arc used 
in the arts for various purposes {sec hcloie). B 3 ' 
far the largest quantities of crude gl 3 ’cerin are, 
however, purified by’ distillation, and thereby’ 
converted into dtslillcd glycerin. In commerce, 
two kinds of distilled glycerin are difTcrentiated, 
t.c. distilled glycerin for making nitrogly’ccrin 
(dynamite), dynamite glycerin, and chemically 
pure {C.P.) glycerin, sometimes termed double- 
distilled glycerin. 

Distilled Glycerins. — The distillation is 
most commonly’ carried out in a vacuum. In 
the early days of the industry', fire-heated stills 
were employed which remained in use to some 
extent even after the introduction of steam ns a 
carrier vapour (c/. Wilson and Payme, B.P. 
1024/1854) and the development of processes for 
steam-distillation in vacuo {cf. O’Farrcll, B.P. 
3284/1881; Clark, B.P. 6348/1881). Some 
manufacturers work off a certain amount (de- 
pending on the size of the still) of crude glycerin 
in one batch. Other manufacturers resort to 
continuous distillation, the still being fed as the 
glycerin distils off. 

The successful distillation of erudo glycerin 
depend largely on the skill and care of the 
operator, and although a considerable number of 
special apparatus have been patented, and arc 
still being patented, the success depends more on 
attention to details than on the particular 
apparatus employed, and the details of the modus 
operandi in conducting the distillation arc 
considered valuable secrets. 

In the Van Ruymbelce still (U.»S.P. 458047—8/ 
1891 ; B.P. 24556/1893 ; G.P. 86829/189G) the 
steam is simultaneously expanded and super- 
heated by passing through the coil of a pre- 
heater, before injection into the glycerin, which 
itself has been previously heated by means of 
a closed steam-coil. The superheating coil is 
heated by boiler steam. The working of the 
van^ Ruymbeke still, which is employed ex- 
tensively both in England and on the Continent, 
and is capable of yielding a very high grade 
glycerin, is described in detail by Webb, 


“ Modern Soap and Glycerine Manufacture,” 
London, 1927. Hot-water or air-cooled jacketed 
condensers are employed for the first fractions, 
and water-cooled condensers for the least con- 
densable “ sweet waters.” 

The condensates irom the last few air con- 
densers require to bo concentrated subsequently 
by’ evaporation to bring them to the requisite 
strength. Similarly, the last condensed “ sweet 
waters ” may be concentrated, if they contain 
sufficient gly’ccrin to justify' the treatment. 

Similar principles are involved in the Scott, 
and the Blair, Campbell arid McLean processes. 

Considerable economy in steam consumption 
is effected by’ the so-called “ closed systems,” 
favoured in the United States. In the American 
Wood plant the stills are arranged in series ; the 
vapours from the first still are only' cooled to 
such an extent that the strongest gly'cerin liquoi-s 
ate condensed, whilst the steam passes on 
through the next unit, and so on, until, at the end 
of the scries, the vapours arc taken through a 
water-cooled condenser to the sweet-water 
collector. 

The steam obtained from the evaporation of 
tho very dilute glycerin distillates (“ sweet 
waters ”) is used ns the heating fluid for tho 
evaporator, which in turn supplies tho steam to 
be injected into the glycerin still {cf. also the 
Wurstcr-Sangcr and Garr/yuc systems, which are 
described fully' by’ J. W. l.awric, ‘‘Glycerol and 
the Gly’cols,” London and New York, 1928). 

Tho economy' of this system is offset by tho 
inherent disadvantage, that volatile impurities 
present in tho sweet-wntor condensate nro 
returned to tho evaporator, and so recirculated 
throughout tho -whole system. The quality of 
the glycerin obtained by this method is no better, 
and may bo lower, than that prepared by the 
Van Buymbche 2 )rocess. 

One distillation of crude gly'cerin, especially 
in tho case of soap-lye gly'cerin, may' not give a 
satisfactory pioduct for nitrating purposes, 
owing to contamination with sodium chloride and 
organic impurities (volatile fatty acids and even 
polyglycerols), and a second distillation becomes 
ihipcrative. 

The yield obtainable from crude glycerin 
depends, just like tho distiUation itself, on tho 
care of the operator. Tho losses incurred by 
faulty methods are large, and may range from 
as much as 15 to even 40%. A large proportion 
of tho loss is due to destruction of glycerol with 
tho formation of volatile acids and acrolein on 
the one hand, and to tho formation of poly- 
glycerols on tho other. The polyglycerols which 
are formed in tho course of distillation should 
remain in the still itself, and are found with the 
still residue {see below). 

Tho distilled glycerin liquors collected from 
the columns are treated with char, if required, 
to remove some organic impurities, and, at the 
same time, to clarify the glycerin and improve 
its colour. The collected and filtered glycerin 
liquors are finally concentrated in a vacuum 
evaporator, up to the desired specific gravity. 

Tho commercial ‘‘ distilled glycerins ” vary in 
colour from yellow to white ; they also vary in 
their content of glycerol according to their 
specific gravities, which range, as a rule, between 
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1-220 and 1-260. Glycerin, purified by distil- 
lation, sbould contain only a very small amount 
of asb and is thereby easily distinguished from 
crude glycerins. 

For the grade known as dynamite glycerin, the 
specific gravity must be at least 1-261 at 15°. 
Other commercial quahties of distilled glycerin 
need only be concentrated to a sp.gr. of 1-250 or 
1-240. 

The distilled glycerins described above con- 
tain, as a rule, amounts of impurities, which 
although small, are yet sufficiently large to 
prohibit their employment for pharmaceutical 
and dietetic purposes. The “ distfiled glycerins ” 
must therefore be subjected to a second distil- 
lation. If this distillation be carried out with 
sufficient care, the distillates give, after con- 
centration and treatment ■with char, the chemi- 
cally pure (O.P.) glycerin of commerce. 

At a time when the art of preparing chemically 
pure glycerin was not so far advanced as it is 
at present, some chemically pure glycerin was 
manufactured by allowing gl^'^cerin to crystallise, 
and centrifuging the crystals, whereby the im- 
purities were removed with that portion of 
glycerin which melted in the centrifugal machine. 
This process has, however, been abandoned, not 
only on account of its costliness, but also on 
account of the inferiority of the product as com- 
pared "with the best brands of chemically pm-e 
glycerin obtained by careful distillation, since it 
was found that the crystals were apt to occlude 
impurities. 

As stated above, O.P. glycerin for edible 
purposes must be virtually free from arsenic 
(c/. below). Such glycerin is most conveniently 
. prepared by the distillation of arsenic-free 
crudes. A. C. Langmuir (Ind. Eng. Chem. 1932, 
24, 378) states, however, that arsenic com- 
pmmds may be effectively removed from 20- 
25% distilled glycerin by agitating the hot 
glycerin "with powdered cast-iron borings by 
means of an air- jet. In the case of more con- 
centrated distilled glycerin, this may be freed 
from arsenic by treating it %vith 0-05-0-1% (calc, 
on the anhyd. glycerol present) of potassium 
permanganate which has been pre'viously dis- 
solved in sufficient water ^ to reduce the con- 
centration of the glycerin to 65% ; the mixture 
is heated to 90-5°C., made alkaline -with 0-3% 
caustic soda and filter-pressed. The excess of 

^ Warning : If concentrated glycerol comes into con- 
tact vith dry potassium permanganate, even in the 
cold, the mixture ignites spontaneously -with the pro- 
duction of an intensely hot flame and red hot residue 
(Langmuir, l.c. ; see p. 56). 


alkali serves to hold back volatile fatty acids 
during the subsequent distillation. 

Electro-osmotic processes of decolorising and 
purifying glycerin have been patented (B.P. 
144727, 145046, 146865, of 1920). 

Chemically pure glycerin is obtainable in 
commerce in the foUorving “ strengths ” : sp.gr 
1-24, 1-25 and 1-26. That of the highest specific 
gravity approaches, as nearly as is possible for 
a product made on a large scale, the chemical 
substance glycerol. 

Glycerol (pure glycerin) is a hygroscopic, 
odourless, colourless, highly "viscid liquid, ha-ring 
a siveet taste. The preparation demanded by 
the Pharmacopoeias of different countries is the 
purest commercial article, which consists 
practically of glycerol containing a very small 
amount of water. Glycerol is optically inactive, 
and is neutral to litmus. On exposure to 
intense cold for a prolonged time it crystallises 
in rhombic bisphenoid forms (see Lang, Poggen- 
dorff’s Ann. Phys. Chem. 1874, 152, 637; 
cf. Henninger, Soc. chim. 1875, [ii], 23, 

434). By seeding -with a few crystals, large 
quantities of glycerol can easily be solidified at 
a temperature even above the freezing-point of 
■n-ater. The freezing-points of aqueous glycerol 
solution are sho%vn in Table XV (p, 64). 

The crystals have m.p. 18°C. (Sampsoen, 
Compt. rend. 1926, 182, 846; cf. (libson and 
Giauque, J. Amer. Chem. Soc. 1923, 45, 93; 
confirmed by Pushin and Glagoleva, J.O.S. 1922, 
121, 2818), The latter authors find glycerol to 
have a cryoscopic constant of approximately 3-1. 

Glycerol is oily to the touch, and produces on 
the skin, especially on the mucous membrane, 
the sensation of heat, owing to its absorbing 
moisture from the tissues. The water-absorbing 
power of glycerol is so great that, on exposure 
to the atmosphere, it takes up as much as 50% 
of its weight of water. 

The determination of the specific gravity of 
pm-e glycerol has been attempted by many 
workers (Kailan, Gerlach, Skalweit, Lenz, 
Strohmer and others), whose results show con- 
siderable disagreement, which is due, no doubt, 
to the difficulty of removing the last traces of 
water. The values of 1-26414 at 15°/4° found by 
Kailan (Z. anal. Chem. 1912, 51, 81) and 
1-26533 at 15-6°/15-5° by A. C, Langmuir (Ind. 
Eng. Chem. 1921, 13, 944), are in good agree- 
ment with those recorded by other chemists 
and with the figures published by Bosart and 
Snoddy (ibid. 1927, 19, 506 ; 1928, 20, 1377) and 
reproduced below (Table II). 


Table II. — Specieic Gea-vity and Density of Puee Glyceeol (Bosart and Snoddy). 


Specific gra-vity at 


15-5716-5°, 

20°/20°, 


Apparent sp.gr. (in air) . 

True sp.gr. (weighings re- 

1-26557 

1-26532 

1-26362 

1-26201 

duced to vacuum) , 

1-26526 

1-26501 

1-26331 

1-26170 

Absolute density ^ . . . 

1-26415/15° 

1-26381/15-5° 

1-26108/20° 



^ I.e.>=sp.gr. related to water at maximum density, all veighings being reduced to vacuum. 
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Values for the spcciflo gravity of aqueous 
glycerol solutions at 15°/15" and 20720° deter- 
mined by Bosart and Suoddj' arc shown in 
Table III : full tables showing apparent sp.gr. 
at 15-5715>6° and 25°/25°, true specific gravities 
(/» vacuo), absolute densities and coefiieicnfs of 
expansion of glycerol solutions arc given in the 
original papers. 


The figures of Bosart and Snoddy were 
obtained as the result of a most careful and ex- 
haustive investigation, and must bo regarded as 
the most trustworthy data at present available. 
They agree closely with results obtained in the 
Eastern Laboratorj'’ of tlio E. I. Du Pont do 
Nemours Co. from which Table r\^ has been 
constructed. 


Tabli: III, — Smcirio Gkavitv or GiA'cnnor. Solutions (Bosart and Snoddy). 


Glycerol % 
by weiglit. 

App.sront specific gravity * (In air). 

Glycerol % 
by weight. 

Apparent spcciflo gravity ^ (in air). 

100 

15715“ 

1-26557 

20‘’/20° 

1-26362 

60 

1-12985 

20720° 

1-12845 

99 

1-26300 

1-26105 

49 

1-12710 

1-12570 

98 

1-26045 

1-25845 

48 

1-12440 

1-12.300 

97 

1-25785 

1-25585 

47 

1-12105 

1-12030 

9G 

1-25525 

1-25330 

40 

1-11890 

1-11760 

95 

1-25270 

1-25075 

45 

1-11620 

1-11490 

94 

1-25005 

1-24810 

44 

1-11345 

1-11220 

93 

1-24740 

1-24545 

43 

1-11076 

1-10950 

92 

1-24475 

1-24280 

42 

1-10800 

1-10680 

91 

1-24210 

1-24020 

41 

1-10525 

1-10410 

90 

1-23950 

1-23755 

40 

M0255 

1-10135 

89 

1-23680 

1-23490 

39 

1-09985 

1-09870 

88 

1-2.3415 

1-23220 

38 

1-09715 

1-09605 

87 

1-231.50 

1-229.55 

37 

1-09445 

1-09335 

80 

1-22885 

1-22090 

36 

1-09176 

1-09070 

85 

1-22020 

1-22420 

35 

1-08905 

1-08805 

84 

1-22355 

1-22155 

34 

1-08635 

1-08635 

83 

1-22090 

1-21890 

33 

1-08365 

1-08270 

82 

1-21820 

1-21020 

32 

1-08100 

1-08005 

81 

1-21555 

1-213.55 

31 

1-07830 

1-07736 

80 

1-21290 

1-21090 

30 

1-07600 

1-07470 

79 

1-21015 

1-20816 

29 

1-07295 

1-07210 

78 

1-20740 

1-20540 

28 

1-07036 

1-06960 

77 

1-20465 

1-20270 

27 

1-06770 

1-06690 

76 

1-20190 

1-19996 

26 

1-00510 

1-00435 

75 

1-19915 

1-19720 

25 

1-06260 

1-06175 

74 

1-19640 

1-19460 

24 

1-05985 

1-05915 

73 

1-19365 

1-19176 

23 

1-05726 

1-05655 

72 

1-19090 

1-18900 

22 

1-05460 

1-05400 

71 

1-18815 

M8630 

21 

1-05200 

1-05140 

70 

1-18540 

1-18356 

20 

1-04936 

1-04880 

69 

' 1-18260 

1-18080 

19 

1-04686 

1-04630 

68 

1-17985 

1-17805 

18 

1-04435 

1-04380 

67 

1-17705 

1-17530 

17 

1-04180 

1-04136 

60 

1-17430 

1-17255 

16 

1-03930 

1-03886 

65 ^ 

1-17155 

1-16980 

16 

1-03676 

1-03636 

64 

1-16875 

1-16705 

14 

1-03425 

1-03390 

63 

' 1-16600 

1-16430 

13 

1-03176 

1-03140 

62 

1-16320 

1-16165 

12 

1-02920 

1-02890 

61 

1-16045 

. 1-16875 

11 

1-02670 

1-02640 

60 

1-16770 

1-15605 

10 

1-02416 

1-02395 

59 

1-16490 

1-16325 

9 

1-02176 

1-02165 

58 

1-15210 

1-16060 

8 

1-01936 

1-01916 

57 

1-14936 

1-14776 

7 

1-01690 

1-01675 

56 

1-14656 

1-14600 

6 

1-01460 

1-01436 

55 

1-14376 

1-14220 

6 

1-01210 

1-01196 

54 

1-14100 

1-13946 

4 

1-00965 

1-00965 

53 

1-13820 

1-13670 

3 

1-00726 

1-00720 

52 

1-13640 

1-13396 

2 

1-00486 

1-00480 

51 

1-13265 ■ 

1-13120 

1 

1-00240 

1-00240 . 


^ Accurate to the nearest 6 in the 5th place. 

VoL. VI.— 4 
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Table W . — wlw Pee Cext. Gltceeol CoeeesboxdehG to Specific GEAvrry at 15 - 6 °/ 1 o - 6 '= C.^ 




1 - 

2 . 

3 . 

4 - 

5 . 

6 . 

7 . 

a 

9 . 



— 





95-00 

95-03 

95-07 

95-11 

95-15 

95-19 

1-253 

95-23 

95-27 

95-31 

95-35 

95-39 

. 95-43 

95-46 

95-50 

95-54 

95-58 

1-254 

95-62 

95-65 

95-69 

95-73 

95-77 

95-80 

95-84 

95-88 

95-92 

95-96 

1-255 

96-00 

96-03 

96-07 

96-11 

96-15 

96-19 

96-23 

96-26 

96-30 

96-34 

l - 2 o 6 

96-38 

96-42 

96-46 

96-50 

96-54 

96-58 

96-62 

96-66 

96-70 

96-74 

1-257 

96-78 

96-82 

96-86 

96-90 

96-94 

96-98 

97-02 

97-05 

97-09 

97-13 

1-258 

97-17 

97-21 

97^24 

97-28 

97-32 

97-36 

97-40 

97-44 

97-48 

97-52 

1 - 2.59 

97-56 

97-60 

97-64 

97-68 

97-72 

97-76 

97-80 

97-84 

97-88 

97-92 

1-260 

97-96 

98-00 

98-03 

98-07 

98-11 

98-15 

98-19 

98-23 

98-26 

98-30 

1-201 

98-34 

98-38 

98-41 

98-45 

98-49 

98-53 

98-57 

98-60 

98-64 

98-68 

1-262 

98-72 

98-76 

98-80 

98-84 

98-88 

98-92 

98-96 

99-00 

99-03 

99-07 

1-263 

99-11 

99-15 

99-19 

99-22 

99-26 

99-30 

99-34 

99-37 

99-41 

99-45 

1-264 

99-49 

99-53 

99-56 

99-60 

99-64 

99-68 

99-72 

99-76 

99-80 

99-84 

1-265 

99-88 

99-92 

99-96 

100-00 

— 







^ Da Pont de Xemours & Co., reproduced through J. VT. Lavrrie, " Glycerol and the Glycols,” p. 291. 


The specific graTity date of Bosarfc and Snoddy 
supersede those of the earlier investigators, in- 
cluding Gerlach, vhose tables have gained wide 
currency in the past; Bosart (ibid. 1921, 13, 
944 ; and Lc.) has shown that, whilst Gerlach’s 
sp.gr. at lo°/15° are sufficiently accurate to be 
usable for technical purposes, his table of values 
at 20’/20° must be discarded entirely. 

Provided a specimen of C.P. glycerol satisfies 
the qualitative tests for purity described on 
p. 58c, the proportion of glycerol in it may be 
deduced from a determination of the specific 
gravity by the pycnometric method with the help 
of the tables referred to above. 

The variation in the rate of expansion^ 
of solutions of glycerol with temperature (i.e. 
the change in specific gravity with tempera- 
ture) Ls shown in Table V (Bosart and 


Table V . — Bate of Espaxsiok of 
Gltcebol )SoLTJnoss (Bosart and Snoddy). 


Glycerol, 
concen- 
tration %. 

Change in specific gravity per °C. 

15-20°. 

15-25°. 

20-25°. 

100 

0-000615 

0-000615 

0-000610 

97-5 

0-000620 

0-000615 

0-000603 

95 

0-000615 

0-000615 

0-000615 

90 

0-000610 

0-000615 

0-000620 

80 

0-000620 

0-000615 

0-000610 

■ 70 

0-000580 

0-000570 

0-0005G5 

60 

0-000540 

0-000545 

0-000550 

50 

0-000485 

0-000495 

0-000510 

40 

0-000430 

0-000435 

0-000445 

SO 

0-000370 

0-000385 

0-000400 

20 

0-000300 

0-000315 

0-000325 

10 

0-000230 

0-000255 

0-000280 

0 

0-000180 

0-000205 

0-000230 


Sncddy, ibid. 1927, 19, 506 ; cf. Hehner, J.S.C.I. 
1889, 8, 8; Gerlach, Z. anal. Chem. 1885, 24, 
111 ; Comey and Backus, J. Ind. Eng. Chem. 
1910, 2, 11); hence it is necessary, when cor- 
recting specific gravities from experimental to 

^ Bosart and Snoddy adopt the expression “ rate of 
expansion ” to denote the rate of change of the specific 
ffranfy per degree of temperature in order to avoid 
with tile true “ coefficient of expansion,” 
wnich applies only io the change of xolxime with 
temperature. 


standard temperatures, to use the factor corre- 
sponding to the temperature at which the deter- 
mination is made.' 

The following formulae have been computed 
by Bosart and Snoddy for the purpose of cal- 
effiating the specific gra'vity of glycerol solutions 
at 15°/15° and 2o°/25° when the actual deter- 
mination has been made at another experi- 
mental temperature : 

(i) For calculating from a higher to a lower 
temperature — 

^ G5-f-Bc(T — f) 
c 

(ii) For calculating from a lower to a higher 
temperature — 

dc — Bc(T— t) 

- “= V — 


where a=sp.gr. of givcerol at T°/T°. 

„ „ “ „ 

6= sp.gr. of water at fi". 


B=change in sp.gr. of glycerol per O. 
T=higher temp, of sp.gr. determination. 
f=lower ,, ,, ~ ,, 


Analogous formulsj and tables are given by 
Comey and Backus (Z.c.). For dynamite gly- 
cerins, round figures for the values of the 
average rates of expansion, "viz. 0 - 00061 , 
0-000615 and 0-00062 at 20 °, 25 ° and 30°respM- 
tively, are convem'ent to remember and suffi- 
ciently accurate for most practical purposes. ^ 
In cases when the volume of the available 
sample does not permit of accurate deter- 
mination of specific gravity, the content ot 
glycerol may be derived from the refractive index 
of the specimen. The Abbe refractometer is 
convenient and rapid in use and only requires a 
few drops of material, but the reading is of some- 
what doubtful accuracy in the fourth place m 
decimals so that refractive indices determined 
with this instrument must be regarded as a less 
accurate indication of the concentration ot 
glycerol solutions than determinations of specific 
gra-rity (Hoyt). More accurate results (per- 
mitting the determination of concentration to 
within 0-1%) can be obtained by the use of the 
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Tabu: VI. — ^Refractivi: Index of GEYOF.Rorj Solutions at 16°C. (Skalweit) and 

(Ifoyt). 


Glycerol % by 
weight. 

Sp.gr. at 1.5° com- 
pared with water 
at 15° (Sk.alwcit). 

Refractive Indc.v .at 
15° (Skalweit). 

Refractive index at 
20° (Hoyt). 

Glycerol % by 
weight. 

Sp.gr. at I.'j’ com- 
pared with water 
at 15° (Skalweit). 

Refractive index at 
15° (Skalweit). 

Refractive index at 
20° (Hoyt). 

0 

1-0000 

1-3330 

1-33,303 

61 

1-1318 

1-4010 

1-39958 

1 

1-0024 

1 -11342 

1-33116 

52 

1-1346 

1-4024 

1-40107 

2 

1-0048 

1-3354 

1-33530 

63 

1-1374 

1-4039 

1-40250 

3 

1-0072 

I -3300 

1-33045 

64 

M402 

1-4054 

1-40405 

4 

1-0090 

. 1-3378 

1-33702 

55 

1-1430 

1-4009 

1-40564 

6 

1-0120 

1-3390 

1-33880 






‘ 



56 

1-14.58 

1-4084 

1-40703 

0 

1-0144 

1-3402 

1-33999 

67 

1-1480 

1-4099 

1-40852 

7 

1-0108 

1-3414 

1-34118 

58 

1-1614 

1-4104 

1-41001 

8 

1-0192 

1-3420 

1-34238 

59 

M542 

1-4129 

1-41150 

9 

1-0216 

1-3439 

1-343,59 

GO 

1-1570 

1-4144 

1-41299 

10 

1-0240 

1-3452 

1-34481 









01 

1-1599 

1-4100 

1-41448 

11 

1-0205 

1-.3404 

1 -.34004 

62 

1-1028 

1-4175 

1-41.597 

12 - 

1-0290 

1-3477 

1-34729 

03 

1-1057 

1-4190 

1-41740 

13 

1-0315 

1-3490 

1-34834 

04 

1-1080 

1-4205 

1-41895 

14 

1-0340 

1-3503 

1 -.34 980 

05 

1-1715 

1-4220 

1-42044 

16 

1-0305 

1-3510 

1-35100 









GO 

1-1743 

1-4236 

1-42193 

16 

1-0390 

1-3.529 

1-35223 

07 

1-1771 

1-4250 

1-42.342 

17 

1-0416 

1-3542 

1-3.5301 

08 

1-1799 

1-4205 

1-42491 

18 

1-0440 

1-3555 

1-3.5490 

69 

1-1827 

1-4280 

1-42040 

19 

1-0405 

1-3508 

1 -.35019 

70 

1-1855 

1-4295 

1-42789 

20 

1-0490 

1-3581 

1-35749 









71 

1-1882 

1-4309 

1-42938 

21 

1-0510 

1-3594 

1-35879 

72 

1 1 

1-4324 

1-43087 

22 

1-0542 

1-3007 

1-30010 

. 73 


1-4339 

1-4.32.36 

23 

1-0508 

1-3020 

1-30141 

74 

BbiiIH 

1-43.54 

1-43385 

24 

1-0594 

1-3033 

1-36272 

75 

BSTnfl 

1-4369 

1-435.34 

25 

1-0020 

1-3047 

1-30404 









70 

1-2017 

1-4384 

1-4.3083 

20 

1-0040 

1-3000 

1-30530 

77 

1-2044 

1-4399 

1-43832 

27 

1-0672 

1-3074 

1-30009 

78 

1-2071 

1-4414 

1-43982 

28 

1-0098 

1-3087 

1-30802 

79 

1-2098 

1-4429 

1-44135 

29 

1-0724 

1-3701 

1-30930 

80 

1-2125 

1-4444 

1-44290 

30 

1-0760 

1-3716 

1-37070 









81 

1-2152 

1-4400 

1-44460 

31 

1-0777 

1-3729 

1-37204 

82 

1-2179 

1-4475 

1-44612 

32 

1-0804 

1-3743 

1 -37338 

83 

1-2206 

1-4490 

1-44770 

33 

1-0831 

1-3767 

1-37472 

84 

1-2233 

1-4505 

1-449.30 

34 

1-0858 

1-3771 

1-37000 

85 

1-2260 

1-4520 

1-45085 

35 

1*0886 

1-3785 

1-37740 









80 

1-2287 

1-4535 

1-452.37 

36 

1-0912. 

1-3799 

1-37874 

87 

1-2314 

1-4550 

1-45389 

37 

1-0939 

1-3813 

1-38008 

88 

1-2341 

1-4505 

1-46539 

38 

1-0906 

1-3827 

1-38143 

89 

1-2368 

1-4.580 

1-45689 

39 

1-0993 

1-3840 

1-38278 

90 

1-2395 

1-4595 

1-45839 

40 

1-1020 

1-3854 

1-38413 









91 

1-2421 

1-4610 

1-45989 

41 

1-1047 

1-3868 

1-38648 

92 

1-2447 

1-4625 

1-46139 

42 

1-1074 

1-3882 

1-38683 

93 

1-2473 

1-4640 

1-46290 

43 

1-1101 

1-3896 

1-38818 

94 

1-2499 

1-4655 

1-40443 

44 

1-1128 

1-3910 

1-38953 

95 

1-2525 

1-4670 

1-46597 

45 

1-1165 

1-3924 

1-39089 









96 

1-2560 

1-4084 

1-46762 

40 

1-1182 

1-3938 

1-39227 

97 

1-2575 

1-4698 

- 1-46909 

47 

1-1209 

1-3952 

1-39368 

• 98 

1-2600 

1-4712 

1-47071 

48 

1-1230 

1-3966 

1-39513 

99 

1-2626 

1-4728 

1-47234 

49 

1-1263 

1-3981 

1-39660 

100 

1-2660 

1-4742 

1-47399 

60 

1-1290 

1-3990 

1-39809 
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dipping or immersion refract ometer. The original 
Zeiss instrument did not allow of testing more 
concentrated solutions than those containing 
26% of gh'cerol,^ but improved modem types 
with interchangeable prisms, such as that used 
by Hoyt for the determinations reproduced 
below, enable accurate measinements to be made 
over the whole range of solutions from 0 to 100% 
glycerol. 

The figures for refractive indices at 20"C. 
shown in Table YI have been computed by 
Hoyt (Ind. Eng. Chem. 1934, 26, 329) from the 
results of the examination, by means of such an 
immersion refractometer, of 30 samples of 
diluted glycerin solutions prepared from a highly 


purified specimen of double-distilled C.P. gly. 
cerin. There have been included in the same 
table values for the refractive indices and 
specific gravities of glycerol solutions at lo'G., 
pubh'shed by Skalweit (Rep. anal. Chem.* 1SS5, 
5, 17) ; this author used an Abbe refractometer, 
the experimental observations being made on 
“ numerous diluted samples ” prepared from 
crystallised glycerol. Wagners table of re- 
fractive indices of dilute glycerol solutions 
(tc(v%) at n-o°C. determined by means of a 
Zeiss immersion refractometer is shown in 
Table WH (from Wagner, “ Immersion Refracto- 
meter Tables,” 1907, p. 46, Table 70; repro- 
duced through Hoyt, Oil and Soap, 1933, 10, 43). 


Table VII. — Refractive Ltd ex of Dilete Glycerol Solutions {«?/u%) at 17-5°C. 

(Wagner). 


r 

Scale 1 
reading, ] 
‘ Zeiss. 1 

Eefractive 

index. 

iCjV /o 

glycerol, g. 
per 100 c.c. 

Scale 

reading, 

* Zeiss. 

Ee&active 

index. 

tr/c % 
glycerol, g. 
per 100 c.c. 

Scale 

reading, 

° Zeiss. 

Refractive 

index. 


15 

1-33320 

0-00 

46 


10-01 

76 


19-48 

16 


0-33 

47 


10-33 

77 


19-79 

1 17 


0-66 

48 


10-65 

78 


20-10 

: IS 


0-99 

49 


10-96 

79 


20-41 

1 19 


1-32 

50 

1-34650 

11-28 

80 

1-35750 

20-72 

, 20 

1-33513 

1-64 

51 


11-59 

81 


21-03 

21 


1-97 

52 


11-91 

82 


21-34 

1 22 


2-29 

53 


12-22 

83 


21-65 

1 23 


2-62 

54 


12-54 

84 


21-96 

* 24 


2-94 

55 

1-34836 

12-86 

85 

1-35930 

22-27 

' 25 

1-33705 

3-27 

56 


13-17 

86 


22-58 

< 26 


3-59 

57 


13-49 

87 


22-89 

, 27 


3-92 

58 


13-81 

88 


23-20 

! 28 


4-24 

59 


14-12 

89 


23-50 

29 


4-56 

60 

1-3.5021 

14-44 

90 

1-36109 

23-81 

. 30 

1-33896 

4-88 

61 


14-75 

91 


24-12 

1 31 


5-21 

62 


15-07 

92 

- 

24-43 

* 32 


5-53 

63 


15-38 • 

93 


24-73 

1 33 


0-85 

64 


15-70 

94 


25-04 

i 


6-17 

65 

1-35205 

16-02 

95 

1-36287 

25-35 

35 

1-340S6 

6-49 

66 


16-33 

96 


25-66 

i 36 


6-81 

67 


16-65 

97 


25-96 

1 37 


7-13 

68 


16-96 

98 


26-26 

; 38 


7-45 

69 


17-28 

99 


26-57 • 

; 39 


7.77 

70 

1-35388 

17-59 

100 

1-36464 

26-SS - 

• 40 

1-34275 

8-09 

71 


17-91 

101 


27-18 

' 41 


8-41 

72 


18-22 

102 


27-49 

. 42 


i 8-73 

73 


18-54 

103 


27-80 

! 43 


! 9-05 

74 


18-85 

104 


28-11 

■ 44 

1 

1 9-37 

75 

1-35569 

19-16 

105 

1-36640 

28-41 ‘ 

i 45 

1 

« 

1 1-34463 

9-69 


1 


106 


28-72 


Table VIII. dne to Ho.vt {J.c. 1934), shows the 
refractive index of pure glycerol at various 
temperatures. 

The figures given imply a temperature co- 
efficient for the refractive index of 99-84% 
glycerol averaging -0-000225 per I'C. over the 
range 10-20'C. This is somewhat lower than 
the figures of 0 0002S;1=C. and 0-0002G,'rC. 

is not i";nnfi=5ble to dilute concentrated iplyrarin 
V. ita a amount of watf*! a lo^’cr 

and th'n to d'tcrminc the refractive index, ina^mneh 
as contraction takes place on iriijicR RlvcMin with 
Wat. r (r-e p, 


over the range 1 2-5-1 7-5’C. reported by Wolff 
(Z. angew. Chem. 1919, 32, 1, 14S) for glycerol of 
86% and 77% concentration respectively * : 
Van der Willigen (Fortschr. d. Phy.sik, 1869, 25. 
2SS) gives temperature coefiicients of refractive 
index varying from — 0-00021/1'C. for glycerol 
of appro.x. 45% concentration to ~0-00(J2Jfl'C. 
for a 90% (approx.) gh'cerin. Listing (iTi'd. 
1SG9, 25, 294) reported a change in refractive 

- The concentration' mentioned here and in the n-'st 
few line* arc computed from the specific frrrivity dat-- 
riven hy th'- original anthors, with tne aid of the Bc'vrt- 
Snoddy tables. 
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Tahi.k VIII. — Rkfractive Index of Pdbe 
Geyoeroe (99'8‘t%) AT Various Tem’Era- 
TURES (Hoyt). 


Temp., 

°G. 

10'2 

11-2 

12-2 

12-8 

13-8 

15-0 

15-8 

17- 6 

18- 0 
20-0 


llcfrnctlvo index, 
»'d- 

. 1-47592 . 

. 1-47575 
. 1-47552 
. 1-47536 
. 1-47512 
. 1-47-185 
. 1-17464 
. 1-47418 
. 1-47408 
. 1-47367 


index of —0-00032 per °C. for gl3-corol of nbout 
96% concentration. The temperature cooflioient 
of the refractive index of glycerol Bolutioius is 
obviously a function of concentration arid lienee 
would be expected to become numerically 
smaller as the dilution increases, since the 
average temperature cocfliciont of refractive 
index of pure water is -0-000081 per 1°C. over 
the range 10-20°C. 

Glycerol boils at 290° (corr.) under 760 mm. 
(759-7 mm. corr.) prc-ssuro (Jlendcldcf, Annalcn, 
1860, 114, 107; r/. Gerlacb, Z. anal. Chem. 
1885, 24, 110) with only slight decomposition; 
it distils unchanged under considerably reduced 
pressure, and table IX contains the most trust,- 
worthy observations of the b.p. of glycerol 
under reduced pressures ' (c/. aUo Richardson, 
J.C.S. 1880, 49, 740 ; Kailan, Z. anal. Chem. 
1912, 51, 81) : 


Tabee IX. 


Pressure, 

BolIinK-point, 

ram. 

°G. 

385-33 

200-4 

347-10 

257-3 

231-87 

250-3 

201-23 

241-8 

100-81 

220-3 

50-00 

210-0 

45-01 

201-3 

30-00 

191-8 

20-46 

183-3 

12-50 

179-5 

10-00 

107-2 

6-53 . 

101-3 

5-00 

155-5 

0-24 

118-5 

0-056 

115-116 


_ Glycerol is miscible with water in all propor- 
tions. The mixing is accompanied by a con- 
traction of volume and an increase of tempera- 
ture. The greatest increase of temperature, viz. 
5°, is observed when 58 parts of glycerol (by 
weight) are mixed with 42 parts of water ; the 
greatest contraction is 1-1% (Gerlach). Glycerin 
can be completely freed from water by allowing 
it to stand in vacuo over sulphuric acid for a 
prolonged period. 

Glycerol does not volatilise at the -ordinary 
temperature, but from concentrated solutions 
appreciable quantities volatilise with water 
vapour at 100°. 


The vapour pressure of a dilute solution of 
glycerol falls ns its normal boiling jjoint in- 
creases. Since glycerol and water are miscible 
in every iwoportion, the composition of the 
escaping vapours cannot bo calculated according 
to Halton’s law, but must bo derived from 
actual observations. Gerlach determined, by a 
barometric method, the vapour pressures given 
in Table X. 

Tabee X. — ^^Lvrouu Pressures of Geyoeroe 
AND OF Aqueous Solutions of Geyoeroe 
(Gerlach). 


Glyceroi 

0/ 

/o« 

Water %. 

i JJ.p. at 700 
i mm. pressure, : 
‘'C. 1 

Vapour pres- 
sure at 100°G. 
ram. of 
mercury. 

100 

0 

290 

04 

99 

1 

239 

87 

98 

2 

208 

107 

97 

3 

188 

120 

96 

4 

175 

144 

95 

5 

104 

102 

94 

0 

150 

180 

93 

7 

150 

198 

92 

8 

145 

215 

91 

9 

141 

231 

90 

10 

138 

247 

89 

11 

135 

203 

88 

12 

132-5 

279 

87 

13 

130-5 

295 

80 

14 

129 

311 

85 

15 

127-5 

320 

84 

10 

120 

340 

83 

17 

124-5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

80 

20 

121 

396 

79 

21 

120 

408 

78 

22 

119 

419 

77 

23 

118-2 

430 

70 

24 

117-4 

440 

75 

25 

110-7 

450 

74 

20 

no 

400 

73 

27 

115-4 

470 

72 

28 

114-8 

480 

71 

29 

114-2 

489 

70 

30 

113-6 

496 

65 

35 

111-3 

553 

00 

40 

109 

505 

55 

46 

107-5 

593 

50 

50 

106 

618 

45 

66 

105 

039 

40 

60 

104 

657 

35 

65 

103-4 

675 

30 

70 

102-8 

690 

25 

75 

102-3 

' 704 

20 

80 

101-8 

'717 

10 

90 

100-9 

740 

0 

100 

100 

760 ■ 


Up to a concentration of about 50%, no 
glycerol escapes with the water vapours, oven 
if the dilute .solutions bo kept boiling . for a 
prolonged time. At a concentration of about 
70%, traces of glycerol escape from the boiling 
solution (Hehner, Analyst, 1887, 12, 65). The 
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Table XI. — ^Absolute Viscosities (Centipoises) oe Glycebol Solutions (Sheely), 
(Experimental data : interpolated values for every 10% glycerol shown in hlack type.) 



Per cent. 
Glycerol. 

Viscosity (centipoises) at 

20°C. 

22-5°C. 

25'’C. 

27-5°C. 

30°C. 


0-0 (water) 

1-005 

— 

0-893 

— 

0-800 


3-85 

1-109 

— 

0-981 

— 

0-877 


7-31 

1-216 

— 

1-073 

— 

0-956 


100 

1-311 

— 

1-153 

— 

1-024 


10-58 

1-331 

— 

1-172 

— 

1-040 


14-13 

1-478 

— 

1-295 

— 

1-147 


17-40 

1-634 

— 

1-428 

— 

1-259 


19-79 

1-756 

— 

, 1-530 

— 

1-351 


20-0 

1-769 

— 

1-542 

— 

1-360 


23-65 

1-995 

— 

1-731 

— 

1-520 


27-98 

2-323 

— 

2-007 

— 

1-751 


30-00 

2-501 

— 

2-157 


1-876 


30-44 

2-545 

— 

2-191 

— 

1-907 


33-11 

2-822 

— 

- 2-420 

— 

2-098 


36-29 

3-207 

— 

2-741 

— 

2-364 


39-02 

3-595 

— 

3-054 

— 

2-625 


40-0 

3-750 

— 

3-181 

— 

2-731 


41-60 

4-029 

— 

3-407 

— 

2-919 


44-78 

4-668 

— 

3-927 

— 

3-347 


48-20 

5-518 

— 

4-611 

— 

3-909 


50-0 

6-050 

— 

5-041 

— 

4-247 


51-33 

6-516 

— 

5-409 

— 

4-552 


64-10 

7-600 

— 

6-266 

— 

5-236 


65-59 

8-282 

7-494 

6-804 

6-203 

5-679 


57-12 

9-092 

8-209 

7-447 

6-776 

6-187 


58-74 

10-070 

9-074 

8-184 

7-430 

6-770 


59-74 

10-787 

9-679 

8-756 

7-918 

7-222 ' 


60-0 

10-96 

9-83 

8-823 

8-015 

7-312 


61-46 

12-061 

10-793 

9-731 

8-792 

7-986 


62-50 

— 

11-642 

10-473 

9-438 

8-548 


64-50 

14-99 

13-35 

11-96 

10-79 

9-750 


64-66 

15-13 

13-46 

12-05 

10-84 

9-80 


66-94 

17-89 

15-86 

14-12 

12-68 

11-40 


70-0 

22-94 

20-23 

17-96 

15-96 

14-32 


70-19 

23-35 

20-53 

18-21 

16-23 

14-53 


72-40 

28-57 

24-98 

22-03 

19-56 

17-41 


74-61 

35-11 

30-57 

26-81 

23-64 

20-97 


75-69 

38-98 

33-80 

29-61 

26-06 

23-02 


77-71 

47-97 

41-41 

36-08 

31-58 

27-81 


79-37 

57-79 

49-52 

42-85 

37-49 

32-86 


80-0 

62-0 

52-77 

45-86 

40-00 

34-92 


80-83 

70-28 

60-08 

51-90 

— 

— 


82-80 

85-73 

72-75 

62-53 

54-01 

46-90 


84-27 

103-17 

87-23 

74-50 

64-08 

55-29 


86-07 

131-08 

110-20 

93-52 

79-81 ' 

68-64 


86-56 

140-42 

117-87 

99-86 

85-20 

73-12 


87-89 

172-2 

143-4 

120-9 

102-7 

87-65 


89-89 

231-6 

191-5 

160-6 

135-1 

114-5 


90-0 

234-6 

194-6 . 

163-6 

137-3 

115-3 


90-81 

268-0 

220-5 

183-8 

154-4 

130-4 


92-19 

337-9 

276-5 

229-2 

191-6 

161-0 


92-82 

375-6 

306-8 

254-7 

212-1 

177-9 


93-70 

442-3 

359-9 

295-9 

245-6 

205-9 


94-32 

481-7 

390-7 

321-5 

266-3 

222-3 


95-0 

545-0 

443-8 

366-0 

301-8 

248-8 

r 

95-19 

565-6 

457-6 

374-9 

309-7 

257-2 


95-65 

618-5 

499-5 

408-3 

336-6 

279-6 


96-08 

671-6 

542-1 

441-8 

363-6 

300-6 


96-48 

724-0 

582-9 

474-8 

389-9 

322-4 


96-89 

783-5 

- 629-0 

512-3 ' 

420-7 

346-7 


98-06 

986-0 

789-9 

636-8 

519-8 

427-2 

1 9 S -84 

1158 

926-0 

747-0 

607-3 

496-2 

i 99 - 6 G 

1385 

1102 \ 

884-0 

715-5 

583-3 

1 100-0 

1 

1499 

1186 ^ 

945-0 

764-0 

624-0 
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boiling-point of such a solution is lllbO® {sec 
tabic). Above this concentration, noticeable 
amounts of glj'cerol escape, so that the quantita- 
tive determination of glycerol in an aqueous 
solution by evaporating it dou'n on the water- 
bath leads to faulty results. Even if the con- 
centration of glycerol solutions bo carried out 
in racno, considerable proportions of glycerol 
escape with the water vapour when the con- 
centration of the solution exceeds 80% (Lewko- 
witsch). 

On heating glycerol slowly in a platinum dish 
to 150-100'’, it evaporates gradually nithout 
Ica^-ing a residue; at 150° it will burn with a 
bluish non-Iuminous flame without emitting an}- 
odour. If, however, glycerol is heated rapidly 
in a platinum dish, it burns with formation of 
acrolein, and yields a residue consisting of 
polyglycerols. 

Viscosity of Aqueous Glycerol Solutions . — ^Tho 
most accurate figures for the viscosities of 


aqueous glycerol solutions appear to be those of 
Shccl}^ whoso experimental values are repro- 
duced in Table XI (a full table, prepared by 
interpolation, is given in the original memoir, 
Ind. Eng. Ciicm. 1932, 24, 1000). The concen- 
trations of the test-solutions were deduced from 
the observed specific gravities (not quoted) by 
the help of the Bosart and Snoddy tables. The 
viscosities found agree fairly closely with the 
few experimental values of Archbutt and 
Decle}' (“ Lubrication and Lubricants,” 5th cd., 
London, 1927, p. 19G), but diverge appreciably 
from figures given by Hera and Wegner (Z. dcut. 
Oel-u. Fctt-Ind. 192.5, 45, 401), particularly for 
the higlier concentrations, at which the dis- 
crepancy ma}'^ amount to 5-10%. Although the 
accuracy of the Hera and Wegner figures is under 
question, it has been thought advisable to 
reproduce their table of relative viscosities {see 
Table XII) since this covers a u-ido range of 
temperatures, for which no other figures are 


Table XII. — Relative Viscosities or Aqueous Glycerol Solutions as coiupared 
WTT ii \7 ater. (Hera and Wegner, Darke and Lewis.) 


Wt. % Glycerol. 




Temperature °C. 





Herz 

Corrected 











and 

Wegner. 

v.alucs, 

Siicely.^ 

B 

10° 

15° 

20° 

0 

O 

40° 

50° 

00° 

70° 

80° 

10 

9-77 

1-300 

1-344 

1-3.31 

1-321 

1-275 

1-274 

1-272 

1-210 

1-212 


20 

19-9G 

1-902 

1-870 

1-8.57 

1-834 

1-7,53 

1-030 

1-.598 

1-.518 

1-402 

1-415 

30 

29-00 

2-043 

Wblilil 

2-5.58 

2-503 

2-358 

2-210 

2-080 

1-994 

1-875 

1-835 

•10 

39'83 

4-320 

4-175 


3-858 

3-r.io 

3-198 

2-958 

2-020 

2-495 

2-342 

50 

50-12 

7-195 



5-802 

5-100 

4-021 

4-190 

3-835 



CO 

59-94 

13-150 

12-27 

11-20 

10-28 

8-807 

7-508 

0-712 

5-004 

5-3.59 

5-004 

70 

09-98 

34-230 

30-82 

ttUHlIM 

24-11 

18-12 

14-19 

12-14 

10-11 

8-742 

7-801 

80 

79-85 

100-380 


74-23 

03-31 

43-07 

30-75 

24-20 

19-41 

■WHIM 

11-40 

85 

84-81 

190-4 

1.54-4 

144-2 

99-05 

00-84 

47-97 

35-30 

27-00 

21-00 

17-52 

88 

87-02 

274-0 


181-3 

145-8 

99-03 

08-10 

40-77 

35-.50 

20-48 

21-32 

90 

89-30 

419-4 

fi ufsS^I 

251-3 

191-3 

123-5 

80-40 

51-00 

43-81 

BMIlM 

25-25 

92 

91-09 



mm 

283-0 

180-4 

110-4 

77-24 

50-50 

39-42 

30-04 

Water viscosity in\ 
centipolses “ J 

— 

1-3001 

1-1400 

1-OOJO 

0-8010 

0-0533 

0-5497 

0-4701 

0-4002 

0-3.550 


’ Glycerol concentrations re-calculated from the d.ita of Herz aud Wegner by Slieoly, using the specifle 
gravity concentration table.s of Bosart and Snoddy. 

The first column gives tho concentration derived by Herz and Wegner from tiieir own speciuc gravity tables. 

. ® Darke and Lewis, Chem. and Ind. 1 928, 6, 1078. 

® Landolt-Bornfiteln, 5th cd., let Suppl., 1027, p. 83 (after Bingham and Jackson, 1917). 


available. Some supplementary figures, due to 
Darke and Lewis (Chem. and Ind. 1928, 6, 1078), 
have been ineluded. Herz and Wegner used 
the less accurate specific-gravity tables compiled 
by themselves to ascertain the concentrations 
of their test solutions. Dor purposes of com- 
parison, therefore, Sheely has applied the Bosart 
and Snoddy tables to recalculate the concen- 
trations in question from tho data supplied by 
the earlier authors ; these corrected values have 
been inserted in Table XII. 

Figures for absolute viscosities calculated from 
the experimental data of Table XII are given 
in the original paper by Herz and Wegner,^ 
(c/. also Cocks, J.S.C.1. 1929, 48, 279t). 

Glycerol is miscible with alcohol in all pro- 

^ Tho values for the viscosity of water used for cal- 
ouiation by Herz and Wegner were taken from the 
5th ed. (1923) of the tables of Landolt-Bornstein and 
are not quite identical vdth the revised values (due to 
Bingham and Jackson) given in the Ist Suppl. (1927) 
of Landolt-Bornstein. 


portions, dissolves readily in a mixture of alcohol 
and ether, but is sparingly soluble in ether 
alone (1 part of glycerol, sp.gr. 1-23, requiring 
about 500 parts of other) it is therefore im- 
possible to extract glycerol from its aqueous 
solution by means of ether. Glycerol is soluble 
in acetone. Nino parts of glycerol dissolve in 
100 parts of ethyl acetate. It is insoluble in 
chloroform, light petroleum, carbon disulphide 
or benzene ; it is also insoluble in oils and fats 
(Lewkowitsch). 

Glycerol has powerful solvent properties; it 
combines in this respect the properties of water 
and of ordinary alcohol ; many substances dis- 
solve more readily in it than in either of these two 
other liquids. The following list of solubilities 
illustrates thiB(Klever, Chem. Zentr. 1872,434): 

100 parts of glycerol dissolve at 15° 98 parts 
of sodium carbonate ; CO parts of borax ; 60-6 
parts of potassium arsenate ; 50 parts of sodium 
arsenate ; 60 j)arts of zjne chloride | 48-8 parts 
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of tannic acid; 40 parts of alnm; 40 parts of 
zinc iodide 40 parts of potassium iodide ; 35*2 
parts of zinc sulphate ; 32 parts of potassium 
C3'anide ; 30 parts of copper sulphate ; 25 parts 
of ferrous sulphate; 25 parts of potassium 
bromide ; 20 parts of lead acetate ; 20 parts of 
ammonium carbonate; 20 parts of arsenions 
oxide ; 20 parts of arsenic oxide ; 20 parts of am- 
monium chloride; 15 parts of oxalic acid; 11 
parts of boric acid ; 10 parts of barium chloride ; 
10 parts of copper acetate ; 10 parts of benzoic 
acid ; 8 parts of sodium bicarbonate ; 7-5 parts 
of mercuric chloride; 5 parts of calcium sul- 
phide; 3-7 parts of potassium chloride; 3-5 
parts of potassium chlorate; 1’9 parts of 
iodine; about 1 part of calcium sulphate; 0*1 
part of sulphur ; 0-25 part of phosphorus. 

An aqueous glycerol solution, of sp.gr. 1'114, 
dissolves 0*957% of calcium sulphate. ■ Metallic 
soaps (which are insoluble in water) are to some 
extent dissolved by aqueous glycerol; thus: 
100 parts of glycerol solution, sp.gr. 1-114, dis- 
solve 0*71 part of iron oleate, 0*94 part of 
magnesium oleate, and 1-18 parts of calcium 
oleate. 

Glycerol is completely oxidised to carbon 
dioxide and water by potassium dichromate in 
an acid solution, and this reaction forms the 
basis of one of the standard methods for the 
quantitative determination of glycerol (see 
p. 61c). In dilute aqueous solution and in the 
presence of caustic alkali, potassium perman- 
ganate oxidises glycerol quantitatively to oxalic 
acid, carbon dioxide and water (Wanklyn and 
Eox, Chem. News, 1886, 53, 15 ; Benedikt and ; 
Zsigmondy, Chem.-Ztg,, 1885, 9, 976). 

Dry potassium permanganate reacts violently 
with concentrated glycerol. If finely powdered 
potassium permanganate be heaped up to form 
a small truncated cone and concentrated glycerol 
be poured into a hole made in the top, fumes 
escape; after a very short time the glycerol 
commences to froth and ignites spontaneously 
with violent evolution of gases. 

Glj'cerol treated with hydrogen peroxide in 
presence of a ferrous salt yields glyceraldehj’^de, 
CH2(0H)CH{0H)CH0. 

Of the eleven possible products of moderate 
oxidation of glycerol, ten have been isolated, 
viz. glyceraldehyde (glycerose), glyceric acid, 
dihydroxj^acetone, hydroxjqiyroracemic acid, 
tartronmonoaldehyde, tartrondialdehyde, tar- 
Ironic acid, mesoxalmonoaldehyde, mesoxal- 
dialdehyde and mesoxalic acid; hydroxypjTo- 
racemaldehydc is unknown. The glyceric acid 
obtained by gentle oxidation with nitric acid is 
a racemic compound and has been resolved into 
opticallj- active enantiomorphous acids by J. 
L^wkovitseh (Ber. 1883, 16, 2720), Further 
o.xidation yields carbon dioxide, formic acid and 
water, 

A strong aqueous solution of glycerol reduces 
Barrcsivil’s (]?'ehling’s) solution only slightly. 
If. however, the glycerol be diluted previously 
with 10 times its bulk of water, no reduction 
occurs, 

Jtilxture of glycerol and silver nitrate 
solution heated at the temperature of boiling 
water with n few drops of ammonia, gives a 
yrrecipitate of mclallie silver. If ammonia 


solution be added to glycerol in the cold, and 
heat he then applied, as a rule no reduction takes 
place on adding silver nitrate ; the addition of 
cau-stic soda or potash, however, causes metallic 
silver to separate slowly. 

Glycerol dissolves caustic alkalis, alkaline 
earths and lead oxide, forming chemical com- 
pounds (c/. BuUnheimer, Ber. 1898, 31, 1453; 
1899, 32, 2347 ; 1900, 33, 817), The compounds 
so formed are termed metallic glycerozides or 
glycerates and are thought to have a cyclic 
structure resembling that of the saccharates. 
Lime, strontia and baryta are precipitated 
nearly completely from such solutions by carbon 
dioxide, a smaU quantity only of the bases 
escaping precipitation. In the presence of 
caustic alkalis, glycerol also dissolves ferric 
oxide, cupric oxide and bismuth oxide, no 
doubt in consequence of the formation of soluble 
compounds (metallic glyceroxides), such as are 
represented by monosodiumcupriglyceroxide 
(NaCuC3Hs03)2,3H20. The o.xides enume- 
rated above are not reduced to metals, or at 
most only to their lower oxides. The following 
oxides : silver oxide, gold oxide, mercury oxide, 
rhodium oxide, paUa&um oxide and platinum 
oxide (AggO, AUgOg, HgO, RhOg, PdO, 
PtO g), are reduced to metals when heated with 
alkaline glycerol solution (BuUnheimer). 

The great solubility of zinc sulphate, as also 
of nickel, cohalt and copper sulphates, in 
glycerol, is explained by the fact that these 
salts combine with 3 mol. of glycerol to form 
compounds (Griin and Bockisch, ibid. 1908, 41, 
3465) of the general formula : 

(IVl-3C3H803)S04,Hg0 

Where M represents an atom of one of the above- 
mentioned metals. For these compounds, the 
name glycerinates has been proposed by Griin, 
in order to distinguish them from the metallic 
glyceroxides described above. 

Quaxitattve Tests for GlyoeroI/. 

One of the simplest tests for glycerol, which is 
capable of detecting quite smaU quantities, is 
based on the penetrating odour of acrolein, which 
is formed when glycerol is heated in the presence 
of acid salts. The same odour is also noticeable 
when a fatty-oil lamp or tallow candle is blown 
out. For the test, a small portion of the sub- 
stance should be heated with potassium bisul- 
phate, and the acrolein detected either by its 
odour or the red colour formed when the 
I vapour is passed into SchifTs reagent (a solu- 
1 tion of rosanilin which has been decolorised 
by sulphur dioxide). Alternatively, an am- 
moniacal solution of silver nitrate may he 
i used for the detection of the acrolein which 
produces in it a precipitate or mirror of metallic 
silver. 

Some other useful tests described by Denigt'S 
(Compt. rend. 1909, 148, .570) are based upon the 
colour reactions of dihj-droxyacetone which is 
formed when glycerol is heated with bromine 
water. About 0*1 g. of the glj-cerol is heated 
with 10 ml. of bromine water in a bath of 
boiling water for about 20 minutes or until tke 
free bromine has disappeared. In four separate 
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test tubes there nro plncccl 0-1 ml. of nn alcoholic 
solution of (1) codcin, (2) resorcinol, (3) thymol 
und (4) ^-naphthol. To each tube is added 0-4 
ml. of the hrominated sample and OT ml. of a 
4% solution of potn.ssium bromide, then 2 ml. of 
cone, sulphuric acid. The tubes containing 
codcin and ^-naphthol arc heated for 2 minutes 
in n u’ater bath. The codcin solution M'iU show 
a blue tint; the resorcinol a blood-red colour 
becoming j’ollow-rcd on dilution u-ith acetic 
acid; the thymol a wine-red colour becoming 
rose-red on dilution ; and the j8-naphthol will 
develop an emerald-green fluorescence. A more 
positive identification may bo based upon the 
formation of glyceryl tribenzoato which has 
m.p. 72°. For this purpose O-I ml. of the speoi- 
mcn is .shaken for 6 minutes with 0-4 ml. of 
benzoyl chloride and 5 ml. of 10% sodium 
h 3 ’droxido solution. After shaking, 10 ml. of 
cold water nro added and the jmccipitatcd tri- 
benzoate is filtered, washed and crj'stalliscd 
from 35% alcohol. 

Provided that a sufficient amount of the sample 
is available, it is possible bj’ distillation under 
reduced pressure to separate moderatcl 3 ’^ pure 
gl 3 'cerol, even from fairl 3 '^ comple.x mixtures. 

QuANTiTATn^E Determutatiok Or Glycerol. 

Here onty the determination of glycerol in 
commercial products containing considerable 
quantities of it can bo considered. The deter- 
mination of gtycerol in fermented liquors falls 
outside the scope of this article. 

A direct method for determining glycerol 
in oils and fats b 3 ’’ isolating it has been worked 
out by Shukoif and Scliestakoff (Z. angow. 
Chem. 1905, 18, 294; cf. Fachini and Dorta, 
Boll. Chim. farm. 1910, 49, 237). It is ncccssnr 3 ’- 
to operate with a solution containing at least 
40% of gtyccrol. If the solution bo more 
dilute, a quantity^ corresponding to about 1 g. 
of glycerol is carefully ovaiooratcd on the 
water-bath, the concentration not being in- 
creased to such a point that volatilisation of 
gtycerol can take place (i.e. a concentration of 
about 60% must not be exceeded). Before 
evaporating, the solution is rendered slightly 
alkaline with potassium carbonate. The con- 
centrated solution is then mixed ■with 20 g. of 
ignited and powdered anhydrous sodium sulphate 
and exhausted in a Soxhlet extractor noth 
anhydrous acetone (previously well dried over 
anhydruos potassium carbonate). As acetone 
attacks both cork and indiarubber, all connec- 
tions must be made with ground-glass fittings. 
The extraction requires several hours, and the 
results, at best, are only approximately correct. 

As a rule, the determination of glycerol in 
oUs and fats is carried out by one of the following 
indirect methods. 

Dichromate Process. — ^This method which 
Was first described by Hehner (J.S.C.I. 1889, 8, 
5) has displaced the older permanganate method 
of Wanklyn and Fox (i.c., p. 80) and Benedikt 
and Zsigmondy (l.c., p. 80). With due attention 
to the details as described on p. 61c, it affords a 
most reliable determination and has been 
often recommended as the standard method. 
It depends upon the complete oxidation of the 


purified glymorol to carbon dioxide and water, 
but can bo suitably applied only after removal 
of all organic impurities ; sec p. 01 . The appli- 
cation of this method to various ty'pes of 
glymerin has been criticall 3 " studied by- S. Fachini 
and S. Somazzi (Chim. et Ind. 1924, Spec. No. 
(Paris 1923 Congress) fi54<S). 

Acetin Process. — In case an impure glycerin 
be under o.varaination (such ns tiio crude gly’-- 
ccrins described on p. 42), it is best to determine 
the proportion of glycerol by the Bcncdikt- 
Canlor acetin process, whicli is based on the 
quantitative conversion of glycerol into triacctin 
on heating the solution with acetic anh 3 ’drido. 
If the product of this reaction is then dissolved 
in water, and the free acetic acid carefully^ 
neutralised with alkali, the dissolved triacctin 
can bo readily' estimated by' saponification with a 
knoum volume of standard alkali, and titrating 
back the excess. 

Details of the method are given in the Report 
of the International Committee on the Ai^aly'sis 
of Gly'ccrin {see p. C06). 

Copper Process. — ^A newer method of some 
promise has been put forward by' Bertram and 
Rutgers (Rec. trav. chim. 1938, 57, 681) and 
revised by' the Glycerin Analysis Committee of 
the American Oil Chemists’ Society (Oil and 
Soap, 1941, 18, 14) which depends upon the 
formation of a glycerol-copper complex in nn 
alkaline alcoholic solution. 

Although the precision obtainable falls some- 
what short of the standard required for com- 
mercial transactions, the method has the groat 
advantage that it can bo applied to impure 
preparations and mixtures without preliminary 
purification, and so affords a rapid and- easy 
moans of determining the approximate glycerol 
content of products grossly contaminated with 
substances wliich would interfere rvith the 
standard acetin or dichromato procedures, such 
as sugars, trimothyleno glycol, diethyleno glycol, 
glycol ethers {c.g., “ cellosolvc," “ carbitol ”) 
oxalic acids, or hy'droxy'acids such ns tartaric 
and citric. None of these shows as much as 1% 
of apparent glycerol when tested by the new 
method ; ethylene glycol, propylene glycol and 
hoxahydric alcohols (mannitol, sorbitol) show 
from 2 to 6% apparent glycerol. Polyglycoryl 
ethers and alkylolamines interfere with the 
determination, but small quantities of ammonia 
do not. According to A.O.C.S. revised pro- 
cedure, not more than 10 ml. of the glycerin 
solution, containing not more than 0'8 g. of 
glycerol, is weighed into a 100-ml. calibrated 
flask and diluted to 10 ml. with distilled water ; 
10 ml. of sodium hydroxide solution (30 g. per 
100 ml.) are added, followed immediately by 
60 ml. of 95 v/v% alcohol, and after mixing 
there is added (from a burette) an alcoholic 
solution of cupric chloride (10 g. CuCl 2 , 2 H 20 
per 100 ml.) until a permanent undissolved 
precipitate of copper hydroxide remains after 
shaking; an excess of 0-6 ml. of the copper 
solution is added and the volume adjusted to 
100 ml. with alcohol, and the solution shaken 
for at least a minute. (The solution is main- 
tained at 20° throughout these operations.) At 
least 60 ml. of the well-mixed solution is centri- 
fuged at 1,300 r.p.m. for about 10 min.. 
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tempered at 20% and a 50 ml. ab'qnot of the clear 
decanted solution is transferred to a 300 mL 
conical flask, diluted -with 100 ml. of rrater, and 
made just acid with glacial acetic acid ; 2 ml. 
excess of the acetic acid is added, and after 
cooling the mixture in ice, 10 g. of K 1 are added 
and the liberated iodine is immediately titrated 
with 0-1 JV-sodium thiosxdphate solution, using 
a starch indicator: just before the end-point, 
2 g. of ammonium thiocyanate are added. The 
percentage of glvc-erol in the sample is given bv 

, .. (T-B) . Y . 18-41 ^ .r , ^ 

the relation ^ where T and B 

o 

are the titration figures for the sample and 
blank tests re-spectiveh', Y is the normality of 
the thiosulphate solution and S the weight of 
the sample. If greater accuracy is required, 
a correction can be applied for the volume of the 
copper precipitate: in this case, the whole of 
the solution is c-entrifuged and the factor 18-41 

becomes 9-205 X ^ where V is the 

oO 

apparent volume of the precipitate after centri- 
f^ng. 

Chemically Pure Glycerin. — ^The propor- 
tion of glycerol in chemically pure glycerin is most 
conveniently ascertained by determining the 
spec-ific gravity {see tables on pp. 49, 50} or by 
oxidising the glycerol by means of dichromate, 
provided organic impurities be absent. This is 
ascertained in the following manner : A some- 
what dilute solution is mixed with a cold am- 
moniacal silver nitrate solution; the solution 
should remain colourless even after .standing for 
24 hours. Any acrolein present in the sample is 
detected by the test described above. Any 
polyglyeerols, due to fault}* di-stillation, are 
determined by allowing an accurately weighed 
quantity of the sample to evaporate gently at 
160'. Care .should be taken not to heat too 
rapidly, othenvise even the purest glycerol may 
become polymerised with the production of the 
very sul^tanc-es that are to be detected. From 
the weight of the residue, the weight of a.=h, sub- 
sequently found on incineration, must be de- 
duc-ted. The difference (the “ orgam'c residue ”) 
is a fair indication of the cave with which the 
glc'cerol has been manufac-tured. 

The foUowing Table Xm gives the “ organic 
residue ” and ash of a number of typical pure 
glycerin-s. 

Tasi-e xm. — O egaxic Residue axd Ash is 

CoMlIEBCIAE GlYCTEEISS. 


Once distilled (dynamite) glycerin. 



liesidne at 

%. 

Ash, %. 

Organic 
residue, %. 

Chloride, 
NaCf, %. 

1 

0-018 

0-007 

0-011 

0-0013 

2 

0-013 

0-003 

0-008 

0-0020 

3 

0-019 

0-007 

0-012 

0-0022 

4 

0-020 

0-009 

0-011 

0-00.30 


Double dLtilled (G.P.) ^ycerin. 

5 

0011 

0-005 

0-006 

00013 

6 

0014 

0-009 

0-005 

0-0020 . 

7 

0-009 

0-004 

0-005 

0-0010 


Chemically pure glycerin mu.st be free fi:om 
aU but the most minute traces of arsem’c; the 
maximum content permitted by the British and 
United States Pharmacopoeias is 4 and 10 p.p.m. 
respectively. This is ascertained by the Gutzeit 
test (v. Vol. I, 4705). 

It should be neutral to litmus, leave no ash on 
ignition, and have sp.gr. of at least 1-260 at 15-5°. 
It should not emit an}* odour when heated on 
the water-bath, or any fruity odour when 
warmed v-ith alcohol and sulphuric acid. It 
.should not contain sulphates, chlorides, oxalates, 
metals or sugars, and when mixed with an equal 
volume of water must not reduce Barreswirs 
(Fehfing's) solution. It should show at most a 
yeDow coloration in Hager's test, according to 
which 5 ml. of the sample are mi,xed with 5 mL 
of 26% ammonia solution and 5 drops of silver 
nitrate solution, and left in the dark for 15 
minutes at the ordinary temperature. 

The British Pharmacopoeia (1932) requires 
glycerin to have sp.gr.jj!? 1-260-1-265 ; to have 
not more than 0-01%'of ash; to be free from 
reducing substances and fatty acids; and to 
contain not more than about 2 p.p.m. of iron, 
not more than 1 p.p.m. of Jead and not more 
than 4 p.p.m. of arsenic. 

Distilled Glycerin (Dynamite Glycerin). — 
The proportion of glycerol in these products is 
bc-st determined by the acetin method. “ Dyna- 
mite glycerin ” is usually sold according to a 
specification agreed upon between buyer and 
seller. The following conditions are usually 
stipulated -. sp.gr.jjij not below 1-262 ; neutral 
to litmus, fight in colour, free from smell; ash 
not more than 0-05% ; saponification equivalent 
not more than 0-1% as NugO ; salt not more 
than 0 01% ; water not more than 1-5% and 
glycerol at least 98-5%. A test for reducing 
substances -with sDver nitrate is generally in- 
cluded and some well-known specifications in- 
clude a test for the }’ield and separation on 
nitration. The latter t^t reqm’res great care 
and is by no means always a reliable guide to 
the vield on the large scale. 

Axaeysis oe Cetide Geyceeixs. 

The Intemaiicmal Standard Acetin Method stiU 
retains official status, although objections against 
it have been raised, both on account of the 
tedious procedure and a doubt as to the accuracy 
of the results. Many of the objections raised 
from time to time are, however, a result of in- 
attention to the important details set out in the 
I.S.M. For example the use of well-boiled COj- 
free water is essential to accuracy. The com- 
mittee of the American Oil Chenoists’ Society 
(Oil and Fat Ind. 1931, 8, 297; Oil and Soap, 
1933, 10, 71) report that the figures obtained 
by the diehromate method agree better with 
those deduced from the specific gravity (Bosait- 
Snoddy) than do the resnlts of the acetin 
method. 

International Standard Methods?- 

“Analysis of Crude Glycerol. — ^The 

valuation of crude glycerol has assumed great 
commercial importance owing to the value of the 
1 Analj-st, 1911, S6, 314. 
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commodit}'. Tlio wanfe of uniforniit}' in the 
metliods and processes of analysis, togetlier with 
the irregularity of the results obtained, em- 
phasised the desirability for the standardisation 
of crude glycerol analysis ; so with this object 
in view coniinittccs were formed in America, 
France, Germany, and Great Britain. These 
committees worked in the first instance in- 
depcndentl 3 % but were ultimately brought to- 
gether, and after a scries of conferences the con- 
clusions arrived at by the various committees 
were summarised, and drawn up in the form in 
which thej’ are now presented. The methods 
detailed in this rei)ort have the unanimous sup- 
port of each of the above committees, and arc 
strongly recommended by them as International 
Standards. 

“ Sampling. — ^The most satisfactoiy method 
available for sampling crude gl 3 ’ccrol liable to 
contain suspended matter, or which is liable to 
deposit salt on settling, is to have the gU'cerol 
sampled b}- a mutuaU 3 ’ approved sampler as 
soon as possible after it is filled into dnims, but 
in an 3 " case before an 3 " separation of salts has 
taken place. In such cases he shall sample 
with a sectional sampler (a suitable sampling 
apparatus is described in. an appendix to the 
report), brand them with a number for identifi- 
cation, and keep a record of the brand number. 
The presence of any visible salt or other sus- 
pended matter is to be noted b 3 ' the sampler, 
and a report of same "made in his certificate. 
Each drum must bo sampled. Gl 3 merol which 
has deposited salt or other matters cannot be 
accurately sampled from the drums, but an 
approximate sample can bo obtained by means 
of the sectional sampler, which will allow a com- 
plete vertical section of the gl 3 'ccroI to be taken, 
including an 3 ' deposit. 

“ Analysis. — (1) Delcrininalion of Free Caustic 
Alkali . — ^Veigh 20 g. of the sample into a 
100 ml. flask, dilute with npproximatel 3 ’’ 50 ml. 
of freshly-boiled distilled water, add an excess 
of neutral barium cldoride solution, 1 ml. of 
phenolphthalein solution, make up to the mark, 
and mix. Allow the precipitate to settle, draw 
off 50 ml. of the clear liquid, and titrate with 
N-acid. Calculate to percentage of N UgO exist- 
ing as caustic alkali. 

‘(2) Determination of Ash and Total Alka- 
linity . — ^Weigh 2-5 g. of the sample in a plati- 
num dish, bum off the glycerol over a luminous 
Argand -burner, or other source of heat gi-ring a 
low flame-temperature, the teihperaturo being 
kept low to avoid volatilisation, and the for- 
mation of sulphides. When the mass is charred 
to the point that water -will not become coloured 
by soluble organic matter, lixi-vdate Avith hot 
distilled water, filter, wash and ignite the residue 
m the platinum dish. Return the filtrate and 
Washings to the dish, evaporate and carefully 
Ignite Avithout fusion. Weigh the ash. Dissolve 
the ash in distilled water, and titrate total 
alkalinit 3 % using as indicator methyl orange 
cold, or litmus boiling. 

‘ (3) Determination of Alkali present as 
Carbonate . — Take 10 g. of the sample, dilute 
■(rith 50 ml. distilled water, add sufficient N-acid 
to neutralise the total alkali found at (2), boil 
under a reflux condenser for- 15-20 minutes. 


wash down the condenser tube Avilh distilled 
Avater free from carbon dioxide and titrate back 
AA'ith ■ N/l-NaOH, using phenolphthalein as 
indicator. Calculate the percentage of NagO. 
Deduct the Na^O found in (1). The difference 
is the percentage of Na^O existing as carbonate. 

“ (4) Alkali combined with Organic Acids . — 
The sum of the percentage of NajO found at 
(1) and {3) deducted from the percentage found 
at (2) is a measure of the NaoO or other alkali 
combined AA'ith organic acids. " 

“ (5) Determination of Acidity. — ^Take 10 g. 
of the sample, dilute Avith 50 ml. of distilled 
Avatcr free from carbon dioxide, and titrate AA'ith 
N/l-NaOH and phenolphthalein. Express in 
terms of Na;0 required to neutralise 100 g. 

“ (6) Determination of Total Residue at IfiO^.-r 
For this determination the crude glycerol should 
bo slighth' alkaline AA-ith NaoCOg, not exceeding 
the cquiA'alent of 0-2% Na,0, in order to pre- 
vent loss of organic acids. To aA'oid formation 
of pol 3 'gl 3 'cerol, this alkalinity must not bo 
exceeded. 

'^Preparation of Glycerin. — 10 g. of the sample 
arc weighed into a 100 ml. flask, diluted with 
water, and the calculated quantit 3 ' of N/l-HCI 
or NajCOg added to giA'e the required degree 
of alkalinit 3 '. The flask is filled to 100 ml., the 
contents mixed and 10 ml. measured into a 
weighed Petri or similar dish 2-5 in. diameter and 
0'6 in. deep, Avhich should haA'c a flat bottom 
(and rounded connection Avith the sides). In 
the case of crude gl 3 'cerins abnormally high 
in organic residue a less quantity is to bo 
CA'aporated, so that the Aveight of organic 
residue does not materially exceed 30-40 mg. 

“ Evaporation of the Glycerol. — The dish is 
placed on a AA’atcr-bath (the top of the 160° 
oven acts equally avoII) until most of the AA'ater 
has CA'aporated. From this point the eA'apora- 
tion is effected in the oA'en. Satisfactory results 
are obtained in an oA'en measuring 12 in. cube, 
liaA'ing an iron plate | in. thick lying on the 
bottom to distribute the heat. Strips of 
asbestos millboard are placed on a shelf half- 
way up the oven. On these strips the dish 
containing the glycerol is placed. The bulb of 
the thermometer should also rest upon one of 
the strips. 

“ If the temperature of the oven has been 
adjusted to 160° AA'ith the door closed, a tem- 
perature of 130-140° can be readily maintained 
AA'ith the door partially open, and the glycerol, 
or most of it, should be evaporated off at this 
temperature.^ When onl 3 '- a slight vapour is 
seen to come off, the dish is removed and alloAved 
to cool. 

“ An addition of O'5-l ml. of water is made, 
and by a rotatory motion the residue brought 
AvhoUy or nearly into solution. The dish is then 
alloAved to remain on a water-bath or top of 
the oven until the excess water has evaporated 
and the residue is in such condition that on 
returning -to the oven at 160° it AviU not spit. 
The time taken up to this point cannot be 
definitely giA'en, nor is it of importance. Usuall3’- 
2-3 hours are required. From this point, how- 
ever, the schedide of time must be strictly 
adhered to. The dish is alloAV'ed to remain in 
^ See note by GrimAvood mentioned on p. 62c. 
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the oven, the temperature of which is carefully 
maintained at 160° for 1 hour, when it is 
removed, cooled, the residue treated with water 
and the water evaporated as before. The residue 
is then subjected to a second baking of 1 hour, 
after which the dish is allowed to cool in a 
desiccator over sulphuric acid, and weighed. 
The treatment with water, etc., is repeated 
until a constant loss of 1-1-5 mg. per hour is 
obtained. 

“ Corrections to be Applied to the Weight of 
Total Residue. — In the case of acid glycerol, a 
correction must he made for the alkali added. 
One ml. N/1 -alkali represents an addition of 
0-022 g. In the case of alkaline crudes a 
correction should be made for the acid added. 
Deduct the increase in weight due to the con- 
version of the NaOH and NagCOg to NaCI. 
The corrected weight multiplied by 100 gives 
the percentage of total residue at 160°. 

“ Preserve the total residue for the deter- 
mination of the non-volatile acetj^lisahle im- 
purities. 

“ (7) Organic Residue. — Subtract the ash from 
the total residue at 160°. {Note. — It should be 
noted that alkaline salts of organic acids are 
converted to carbonates on ignition, and that 
the COg radicle thus derived is not included in 
the organic residue.) 

“ (8) Moisture. — ^This test is based on the 
fact that glycerol can be completely -freed from 
water by allowing it to stand in vacuo over 
sulphuric acid or phosphoric anhydride. 2-3 g. 
of very bulky asbestos freed from acid-soluble 
material, which has previously been dried in a 
water-oven, are placed in a small stoppered 
weighing-bottle of about 15 c.c. capacity. The 
■ weighing-bottle is kept in a vacuum desiccator 
furnished with a supply of concentrated sul- 
phuric acid, under a pressure equivalent to 1-2 
mm. of mercury, until constant in weight. 
From 1 to 1-5 g. of the sample is then carefully 
dropped on to the asbestos in such a way that 
it win be aU absorbed. The weight is again 
taken, and the bottle replaced in the desiccator 
under 1-2 mm. pressure until constant in weight. 
At 15° the weight is constant in about 48 hours. 
At lower temperatures the test is prolonged. 
(Note. — A blank similarly prepared from glycerol 
free from glycols and dried until anhydrous in 
vacuo over sulphuric acid is kept with the test 
sample and any loss in weight of the anhydrous 
blank may be deducted from the amount lost 
by the sample. If glycols are present in the 
crude glycerins under test the bla^ may slightly 
increase in weight.) 

“ The sulphuric acid in the desiccator must 
be frequently renewed. 

“ Acetln Process for Glycerol Deter- 
mination . — ^This process is the one agreed upon 
at a Conference of Delegates from the American, 
British, French and German Committees, and 
has been confirmed by each of the above Com- 
mittees as giving results nearer to the truth on 
crudes in general, and is the process to be used 
(if applicable) whenever only one method is 
employed. On pure glycerols the results are 
identical with those of the dichromate process. 
For the application of this process the crude 
glycerol should not contain over 50% water. 


“ The following reagents are required ; 

“ (A) Best Acetic Anhydride. — ^This should he 
carefully selected. A good sample must not 
require more than 0-1 ml. normal NaOH for 
saponification of the impurities when a blank is 
run on 7-5 ml. Only a slight colour should 
develop during digestion of the blank. 

“ (B) Pure Fused Sodium Acetate. — The pur- 
chased salt is again completely fused in a 
platinum, silica or nickel dish, avoiding charring, 
powdered quickly and ,kept in a stoppered 
bottle or a desiccator. It is most important 
that the sodium acetate be anhydrous. 

“ (C) A Solution of Caustic Soda for Neu- 
tralising, of about Nil-Strength, free from 
Carbonate. — This can be readily made by dis- 
solving pure sodium hydroxide in its own weight 
of water (preferably water free from carbon 
dioxide), and allowing to settle until clear, or 
filtering through asbestos (in the absence of 
carbon dioxide). The clear solution is diluted 
with water free from carbon dioxide to the 
strength required. 

“ (D) N /I Caustic Soda, free fro7n_ Car- 
bonate. — Prepared as above, and carefully 
standardised. 

“ Some caustic soda solutions show a marked 
diminution in strength after being boiled ; such 
solutions should be rejected. 

“ (E) N/1 Acid. — Carefully standardised. 

“ (F) Phenolphthalein Solution. — Q-5% phenol- 
phthalein in alcohol and neutrahse. 

“ The Method. — ^Into a narrow-mouthed flask 
(preferably round-bottomed), capacity about 
120 ml., which has been thoroughly cleaned and 
dried, weigh accurately and as rapi&y as possible 
1-25-1-5 g. of the glycerol. Add first about 3 g. 
of the anhydrous sodium acetate, then 7-5 ml. 
of the acetic anhj’^dride, and connect the flask 
with an upright Liebig condenser. For con- 
venience the inner tube of this condenser should 
not be over 60 cm. long and 9-10 mm. diameter. 

“ The flask is connected to the condenser 
by either a ground glass joint (preferably) or a 
rubber stopper. If a rubber stopper is used,^ it 
should have had a preliminary treatment wth 
hot acetic anhydride vapour. 

“ Heat the contents and keep just boiling 
for 1 hour, taking precautions to prevent the 
salts drying on the sides of the flask. Allow 
the flask to cool somewhat, and through the 
condenser tube add 60 ml. of the carbon- 
dioxide-free distilled water, heated to about 80 , 
taking care that the flask is not loosened from 
the condenser. The object of cooling is to avoid 
any sudden rush of vapours from the flask on 
adding water, and to avoid breaking the flask. 
Time is saved by adding the water before the 
contents of the flask solidify, but the contents 
may be allowed to solidify, and the test pro- 
ceeded with the next day without detriment. 
The contents of the flask may be -warmed to, 
but must not exceed, 80°, until the solution 
is complete, except a few dark flocks repre- 
senting organic impurities in the crude. By 
giving the flask a rotatory motion solution is 
more quickly effected. Cool the flask and con- 
tents without loosening from condenser. When 
quite cold wash down the inside of the con- 
denser tube, detach the flask, wash off stopper 



61 


GLYCERIN. 


ot ground glass connection into the flask and 
filter contents of flask tlirough an ncid--\vaslied 
filter into n Jena glass flask of about 1 litre 
capacity: the filtrate should amount to about 
200 ml. Wash thoroughly Mith cold distilled 
water free from carbon dio.xidc. Add 2 ml. of 
phcnolphthalein solution (F), then run in 
a caustic soda solution (C) or (D) until a faint 
pinkish y’cllow colour appears throughout the 
solution. This neutralisation must bo done 
most carefnllj\ The alkali should ho run 
down the sides of the flask, the contents 
of whicli arc kept rapidl}' sudrling, with oc- 
casional agitation or change of motion, until the 
solution is nearl}'^ neutralised, as indicated bj' 
the slower disappearance of the colour dcvcloiied 
locally by the alkali running into the mi.xture. 
When tliis point is reached the sides of the flask 
are washed do\vn with carbon-dio.\idc-frce water, 
and the alkali subsequently added drop by drop, 
mixing after each drop until the desired tint is 
obtained. 

“ Now run in from a burette 50 ml. or a calcu- 
lated excess ofN/l-NaOH (D) and note carcfull}' 
the exact amount. Boil gentty for 15 minutes, 
the flask being fitted with a glass tube acting ns 
a partial condenser. Cool ns quickl,v as po.ssihle 
and titrate excess of NaOH with N/l-acid (E) 
until the pinkish-j’cllow or chosen end-point 
colour just remains. A further addition of the 
indicator at this point will cause a return of the 
pinldsh colour; this must be neglected, and the 
first end-point taken. 

“From the N/l-NaOH consumed calculate 
the percentage of glycerol after making the cor- 
rection for the blank test described below. 

“ 1 ml. of N/l.NaOH=0 030G9 g. of glycerol. 
The coefficient of expansion for normal solu- 
tions is approximately 0-00033 per ml. for each 
depee C. A correction should be made on 
this account if necessary. 

“ Blank Test. — As tho acetic anhydride and 
sodium acetate may contain impurities which 
affect tho resrdt, it is necessary to make a blank 
test, using the same quantities of acetic anh}'- 
dride and sodium acetate as in the analysis. 
After neutralising the acetic acid it is not 
necessary to add more than 5 ml. of the 
N/l-alkali (D), as that represents tho excess of 
alkali usually left after saponification of the 
triacetin in the glycerol determination . 

“ Determination of the Glycerol Value of the 
Acetylisahle Impurities. — The total residue at 
160° is dissolved in 1 or 2 ml; of water, washed 
into a clean acetylising flask, 120 ml. capacity, 
and the water evaporated. Now add anhydrous 
sodium acetate and proceed as in the glycerol 
determinations before described. Calculate the 
result to glycerol. c 

Analysis of the Acetic Anhydride. — Into a 
iTCighed stoppered vessel, containing 10-20 ml. 
of water, run about 2 ml. of the anhydride, 
replace stopper and weigh ; allow to stand, 
With occasional shaking for several hours, until 

anhydride is hydrolysed ; then dilute to 
about 200 ml., add phenolphthalein and titrate 
^th N/l-NaOH. This gives the total acidity 
due to free acetic acid and acid formed from 
armydride. 

Into a stoppered weighing-bottle containing 


a known weight of recently distilled aniline 
(from 10-20 ml.) measure about 2 ml. of the 
sample, stojijier, mix, allow to cool and weigh. 
Wash contents into about 200 ml. of cold water 
and titrate acidity ns before. Tin's yields tho 
acidity duo to the original, preformed, acetic 
acid plus one half tho acid duo to anliydrido 
(tho other half haWng formed acetanilide) ; 
subtract tho second result from tho first (both 
cnleulnted for 100 g.) and double result, obtain- 
ing ml. N/l-NaO H per 100 g. sample. One ml. 
NaOH equals 0-0510 g. of acetic anhydride. 

“ Bichromate Process for Glycerol Deter- 
mination . — Jlcagents Required : {a) Pure Potas- 
sium Bichromate powdered and dried in air free 
from dust or organic vapours at 110-120°. This 
is taken as tho standard. 

“ (6) Dilute Bichromate Solution. — 7-4564 g. 
of the above bichromate (a) are dissolved in 
distilled water and the solution made up to 
a litre at 15-5°. 

“ (c) Ferrous Ammonium Sulphate. — Dissolve 
3-7282 g. of potassium dichromate (a) in 50 ml. 
of water. Add 50 ml. of 50% (by volume) 
stdphuric acid and to the cold undiluted solution 
add from a weighing-bottle a moderate excess 
of the ferrous ammonium sulphate, and titrate 
back with tho dilute dichromate (6). Calculate 
tho value of tho ferrous salt in terms of dichro- 
mate. 

“ (d) Silver Carbonate. — This is prepared as 
required for each test from 140 ml. of 0-5% 
silver sulphate solution by precipitation with 
about 4-9 ml. N-sodium carbonate solution (a 
little less than tho calculated quantity of N- 
sodium carbonate should bo used; any e.xcess 
of alkali carbonate prevents rapid settling), 
settle, decant and wash once by decantation. 

“ (c) Lead Subacetate. — Boil a pure 10% lead 
acetate solution -u-ith an excess of litharge for 
1 hour, keeping tho volume constant, and filter 
W'hile hot. Disregard any precipitate which 
subsequently forms. Preserve out of contact 
with carbon dioxide. 

“if) Potassium Ferricyanide. — A very dilute 
solution containing about 0-1%. 

“ The JIethod. — Weigh 20 g. of the glycerol, 
dilute to 250 ml. 'and take 26 ml. Add the 
silver carbonate, allow to stand, -with occasional 
agitation, for aboxit 10 minutes, and then add a 
slight excess (about 5 ml. in most cases) of the 
basic lead acetate (e), allow to stand a few 
minutes, dilute with distilled water to 100 ml. 
and then add 0-15 ml. to compensate for the 
volume of the precipitate, mix thoroughly, 
filter through an air-dry filter into a suitable 
narrow-mouthed vessel, rejecting the first 10 ml. 
and return filtrate if not clear and bright. Test 
a portion of the filtrate with a little basic lead 
acetate, which should produce no further precipi- 
tate. (In the great majority of cases 5 ml. is 
ample. Occasionally a crude glycerol will be 
found requiring more, and in this case another 
aliquot of 25 ml. of the dilute glycerol should be 
taken and- purified with 6 ml. of the basic acetate. 
Care must be taken to avoid a marked excess of 
.basic acetate.) Measure off 25 ml. of the clear 
filtrate into a glass flask or beaker (previously 
cleaned with potassium bichromate and sul- 
phuric acid). Add 12 drops of sulphuric acid 
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(1:4) to precipitate the small excess of lead as 
sulphate. Add 3-7282 g. of the powdered 
bichromate (a). Rinse dow-n the bichromate 
■with 25 ml. of water and stand, Avith occasional 
shaking, until aU the bichromate is dissolved (no 
reduction ■wdl take place). 

“ Row add 60 ml. of 50% sulphuric acid 
(by volume), and immerse the vessel in boiling 
water for 2 hoims, and keep protected from dust 
and otganic vapours, such as alcohol, until the 
titration is completed. Add from a weighing- 
bottle a slight excess of the ferrous ammonium 
sulphate (c), making spot tests on a porcelain 
plate with the potassium ferricyanide (/). 
Titrate back -nuth the dilute bichromate. Erora 
the amount of bichromate reduced calculate the 
percentage of glycerol. 

“ 1 g. glycerol equals 7-4564 g. bichromate. 

“ 1 g. bichromate equals 0-13411 g. glycerol. 

“ Notes. — (1) It is important that the con- 
centration of acid in the oxidation mixture and 
the time of oxidation should be strictly adhered 
to. ' 

“ (2) Before the bichromate is added to the 
glycerol solution it is essential that the slight 
excess of lead be precipitated Avith sulphuric 
acid as stipulated in the process. 

“ (3) Eor ‘ crudes ’ practically free from 
chlorides the quantity of silver carbonate may 
be reduced to one-fifth and the basic lead acetate 
to 0-6 ml. 

■ “ (4) It is sometimes advisable to add a little 
potassium sulphate to ensure a clear filtrate, 

“ Instructions for Calculating Actual Glycerol 
Content. — (1) Determine the apparent amount of 
glycerol in the sample by the acotin process as 
described. The result aauU include acetylisable 
impurities if any be present. 

“ (2) Determine the total residue at 160°. 

“ (3) Determine the acetin value of the residue 
at (2) in terms of glycerol. 

“ (4) Deduct the result found at (3) from the 
percentage obtained at (1), and report this 
corrected figure as glycerol. If volatile acetylis- 
able impurities are present, these are included 
in this figure. 

“ Notes and Recommendations. — Experience 
has shoAvn that in crude glycerol of good com- 
mercial quahty the sum of water, total residue 
at 160° and corrected acetin result, comes to 
Avithin 0-6 of 100. Further, in such ‘ crudes ’ 
the bichromate result agrees Avith the uncor- 
rected result to within 1%. 

“ In the event of greater differences being 
found, impurities such as polyglycerols or tri- 
methylene glycol are present. 

“ In valuing crude glycerol for certain pur- 
poses it is necessary to ascertain the approximate 
proportion of arsenic, sulphides, sulphites and 
thiosulphates. The methods for detecting and 
determining these impurities have not formed 
the subject of this investigation. 

'^Recommendations by- Executive Committee. 
■ — ^If the non-volatile organic residue at 160° in 
the case of a soap lye ‘ crude ’ be over 2-5% 
^ — r.e. Avhen not corrected for carbon dioxide 
in the ash — then the residue shall be examined 
by the acetin method and any excess of glycerol 


foimd over 0-5% shall be deducted from the 
acetin figure.” (Cf. footnote to Table I, p. 45.) 

“ In the case of saponification, distillation 
and similar glycerol the limit of organic residue 
which should not be passed Avithout further 
examination shall be fixed at 1%. In the event 
of the sample containing more than 1%, the 
organic residue must be acetylated, and any 
glycerol found (after making the deduction of 
0-5%) shall be deducted from the percentage of 
glycerol found by the acetin test.” • 

With reference to this Report, GrimAVOod 
(J.S.C.I. 1913, 32, 1039) has shoAvn that the 
oven recommended therein does not enable a 
steady temperature to be maintained. In the 
case of one oven he found a maximum variation 
of 45° between the temperatures of tAvo shelves. 
In place of the standard oven he has devised 
an eleetricaUy heated oven cased Arith uralite. 
Ho also describes an accelerated method of 
evaporating the glycerin, in which the vapours 
are removed by means of an electric fan. 

Standard Specifications for Soap Lye 
and Saponification Crude Glycerins.— The 
following standard specifications were draAVTi up 
by the British Executive Committee on Crude 
Glycerin Analysis, and approved at a meeting 
of glycerin makers, buyers and brokers held in 
London on October 3, 1912 : 

/Soap Lye Crude Glycerin. — ^Analysis to he 
made in accordance Avith the International 
Standard hlethods. Glycerol. — ^The Standard 
shall be 80% of glycerol. Any crude glycerin 
tendered which tests 81% of glycerol or over, 
shall be paid for at a pro rata increase, calculated 
as from the standard of 80%. Any crude 
glycerin Avhich tests under 80% of glycerol, 
but is 78% or over shall be subject to a reduc- 
tion of 1^ times the shortage, calculated at the 
gmo rata price as from 80%. If the test falls 
below 78% the buyer shall have the right of 
rejection. Ash . — The standard shall be 10%. 
In the event of the percentage of ash exceeding 
10%, but not exceeding 10-5%, a percentage 
reduction shall be made for the excess calculated 
as from 10% at pro rata price, and if the per- 
centage of ash exceeds 10-5%, but does not 
exceed 11%, an additional percentage reduction 
shall be made equal to double the amount in 
excess of 10-5%. If the amount exceeds 11^ 
the buyer shall have the right to reject the 
parcel. 

Organic Residue. — The standard shall be 3^• 
A percentage deduction shall be made of 3 
times the amount in excess of the standard of 
3%, calculated at pro rata price. The 
shall have the right to reject any parcel which 
tests over 3-75%. 

Saponification Crude Glycerin. — Analysis to 
be made in accordance Avith the International 
Standard Methods. Glycerol. — ^The standard 
shall be 88%. Any crude glycerin which tests 
89% or over shall be paid for at a pro rata 
increase calculated as from the standard of 
88%. Any crude glycerin which tests -under 
88%, but is 86% or over, shall be subject 
to a reduction of times the shortage, calcu- 
lated at pro rata price as from 88%. If the 
test falls below 86%, the buyer shall have 
the right of rejection. Ash. — The standard 
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shaU bo 0-5%. In tlio event of tlie percentage 
of ash exceeding 0-5%, bvit not exceeding 
2-0%, a percentage rcduelion shall bo made 
equal to double the amount in excess of 0-u%. 
If the amount of ash exceeds 2-0% the buyer 
shall have the right to reject the parcel. 

Organic licsidne . — ^Thc standard shall bo 1%. 
A percentage deduction shall bo made of twice 
the amount in excess of the standard of 1%, 
calculated at pro rala price. The buyer shall 
have the right to reject any jjarcel whicli tests 
over 2%. 

Glycols in Glycerin. — ^Ra3’ner (J.iS.C.T. 
1920, 45, 205t) has shown that Irimdluilcnc 
glycol, HO-CHo-CHo-CHvOH, b.p. 210-211°. 
sp.gr. 20°/20° L0554 (Cocks and Salwaj’, ibid. 
1922, 41, 17t) niaj' bo formed b3’’ bacterial 
fermentation (c/. “ Oilrohaclcr sp.,'' Workman 
and Gillen, J. Bact. 1932, 23, 107) when dilute 
crude gl.vccrin lyes are stored for loog periods. 
Ra3Ticr states that small amounts of the gl3'col 
are not objectionable in gl3‘ccrin hitcndcd for 
nitration, but if the crude contains considerable 
quantities (c.jr. 2-3%) it is diflicult to manu- 
facture a d3’naraite gl3’ccrin of the requisite 
densit3% 


IV, pp. 49, 50), From this is deducted the 
specific gravit3’' of the distillate actually foxmd 
by o.xpcriment, and the result is divided by a 
Variable factor obtained from Table XIV. The 
quotient returns the percentage of glycols cal- 
culated ns trimcth3dcno gl3'col in the distillate, 
from which the percentage in the original sample 
niay bo computed. For example : 

100 g. of the crude glycerin gave 35 g. of distil- 
late having a sp.gr. of 1'18G5 at 20°/20°. The 
ncctin value of the distillate corresponded to an 
apparent gl3'corol content of 77'4%, and the 
appropriate factor (see Table XIV) is O-OOIGI. 

The sp.gr. at 20720° of a glycerol of 77'4% 
concentration is 1'2038 (see Table III): hence 
the ])crccntngc of trimethylcno glycol in the 
distillate 


1-203S-M865 

O-OOIGI 


10-7%, 


and the percentage of trimoth3'leno glycol in 
the original crude gtycerin 


10-7x36 

100 


=3-76%. 


Determination of Glvcoi.s. 

Since the standard methods for gl3-ccrin 
anal3-8is were agreed upon in 1911, and later 
accepted as International Standard Methods, 
it has been found possible to devise means for 
the estimation of the gl3’cols present in crude 
glycerin. In addition to Irimelhylcncghjeol (1:3- 
dih3'’drox3'propanc), crude g)3merin is Icnown to 
contain 1 :2-dih3'dro.X3'propane, and other gl3'cols 
are probably also present. An accurate method 
for the quantitative dilTcrcntiation between the 
1 : 3- and the 1 : 2-dih3'drox3'propanea is not avail- 
able, but the method described below, which is 
8ubstantiall3’' I'liat of Cocks and Salway (J.S.C.I. 
1922, 41, 1 7t) represents a substantially accurate 
means of determining the total amount of the 
glycols present in crude glycerin. 

100 g. of the original sample arc Aveighed into 
a 400 ml. distillation flask, to Ax-hich is attached 
an air condenser (3 ft. long) connected to a 100 
ml. receiving vessel. The distillation flask is 
also fitted Avith the usual glass tube draAvn to a 
fine capillary and the distillation is carried out 
at approximately 30 mm. pressure. If trouble- 
some frothing occurs it can be checked by the 
addition of h3'^drochIoric acid to faint acidity. 
The heating should be so regulated that 
distillation proceeds at the rate of 1 drop per 
second. Approximately 30% is distilled, the 
receiving flask having been previously roughly 
calibrated, but the exact Aveight of the distillate 
IS ascertained at the end of the distillation. 

If any priming has occurred during distillation, 
^e distillate must be completely re-distilled, 
-the specific gravity of the distillate at 20°/20° is 
determined, and the percentage of acetylisable 
compounds calculated as glycerol is ascertained 
by the acetin test. 

Method of Calculation . — The sp.gr. at 20°/20° 
ot a glycerin corresponding to the acetin value 
of the .distillate as found above is ascertained 
irom specific gravity tables (cf. Tables III and 


Tari.e XIV. — Factors for Use in the 
Caecueation of Geycol Content. 


Acctlii value, %. Pnetor. 

60 0-00134 

55 0-00139 

CO 0-00144 

05 0-00149 

70 0-00154 

75 0-00159 

80 0-001G4 

85 0-001G9 

90 0-00174 

95 0-00179 


An alternative method for the determination 
of glycols is aflbrded by Facliini and Somazzi’s 
process (Ind. Olii e. Grassi, 1923, Nos. 2, G, 10 ; 
cf. Chem. Trade J. 1923, 73, 127, 702; Chini. et 
Lul., 1924, Spec. No., p. 118D). These authors 
determine the apparent glycerol content by the 
dichromate titration method which is suitably 
modified so that the carbon dioxide evolved by 
the oxidation may bo collected and Aveighed. 
From a consideration of the txvo relations : 

(1) C3H6(0H)3-b70=3C0„-f 4H2O, and 

(2) C3Ho(OH)„-p80=3C02-|-4H20 

it is evident that the glycol content can be 
readily calculated from the dichromate figure 
and the amount of carbon dioxide produced. 
The value of this method for the analysis of 
crude glycerins is confirmed by Berth (Seifens.- 
Ztg. 1929, 56, 2G9, 279). 

- - Uses of Glycerin. 

Besides the Avell-established use of glycerin for 
d 3 mamite manufacture and in the preparation 
of tobacco and in pharmacy, a few of the recent 
applications of glycerin in the arts may be 
briefly mentioned (see also Darke and LoAvis, 
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Cbem. and Ind. 1928, 6, 1073 ; J. W. Lat^rie, 
“ Glycerol and the Glycols,” New York, 1928). 

Alkyd {“ Olyptal ”) Eesins. — Glycerin may he 
condensed (esterified) by heating with phthalic 
acid (or anhydride) (cf. Van Bemmelen, 1856; 
CaUahan, U.S.P. 1108329/1914) to jdeld fluid 
products which poLnnerise and resinify as the 
heating is continued. These form moderately 
soluble “ heat-convertible ” (“ green ”) resins, 
which can be transformed into hard insoluble 
and infusible resins by baking. If part of the 
phthalic acid is replaced, e.g. by succinic acid, 
more soluble flexible resins are obtained. If 
drjdng oil fatty acids are incorporated, a class 
of “ oxj^gen-convertible ” or “ oil-modified 
glyptal resins” can be prepared; these are 
soluble in drying oils and solvent naphtha, form- 
ing varnishes which dry to hard resistant films 
on exposure to air (cf. EJenle, Ind. Eng. Chem. 
1929, 21, 349). These glyptal resins are ex- 
tensively used in lacquers, air-dr 5 dng or baking 
varnishes, insulating and petrol-proof varnishes, 
adhesives, etc., and also for small moulded 
articles. 

Glycerin is used as a moistening and pre- 
serving agent in many food products and in the 
manufacture of printer’s roller compositions and 
various inks. It has been applied successfully 
as a drying agent for town-gas (cf. Knecht and 
Muller, J.S.C.I. 1924, 43, 177t), and for a time 
it was used in France as a dehydrating agent for 
alcohol (Manlier and Granger process : cf. Pique, 
Chim. et Ind, Spec. No. 1925, 210S ; Chim. 
et Ind. 1928, 19, 396 (84 t) ; llariller and 
Granger, Addn. P. 27171 and 25633 to E.P, | 
512653 ; Van Ruymbeke, F.P. 539103). Glycerin | 
solutions have been suggested for steel-quench- 
ing (v. Scott, Trans. Amer. Soc. Steel Treating, 
1924,6,13). 

Glycerin is widely used to provide circulating 
non-freezing solutions, e.g. for motor-car 
radiators ; such solutions may -vvith advantage 
contain small amounts of anti-oxidants and 
even when supercooled freeze without pro- 
ducing dangerous pressures by expansion. 

The figures in the following Table XV of ! 
the freezing points of glycerol solutions are taken 
from Lane (Ind. Eng. Chem. 1925, 17, 924). 


Tabue XV. — ^Feeezexg Point of Gr-ycEKon 
Solutions (Lane). 


0/ 

/o 

Glycerol 

(by 

weight). 

F.p. °G. 

% 

Glycerol 

(by 

weight). 

F.p. ”C. 

% 

Glycerol 

(by 

weight). 

F.p. •’G. 

11-5 

- 2-0 

64-0 

-41-5 

70-9 

-37-5 

22-6 

- 6-0 

64-7 

-42-5 

75-0 

-29-8 

25-0 

- 7-0 

65'6 

-44-5 

75-4 

• -28-5 

33-3 

-11-6 

66-0 

-44-7 

79-0 

-22-0 

44-5 

-^18-5 

66-7 

-46-5 

84-8 

-10-5 

50-0 

-23-0 

67-1 

-45-5 

90-3 

- 1-0 

- .53-0 

-26-0 

67-3 

-44-5 

95-3 

+ 7-6 

60-4 

-3o-0 

68-0 

-44-0 

98-2 

+13-5 


solutions can be much supercooled 
without ctystallisation taking place': seeding is 
usually necessary. But as stated above, large 


quantities of glycerin will soh'dify when left 
undisturbed for long periods at low temperatures. 

A paste made by moistening litharge with 
glycerol sets rapidly without contraction to a 
hard cement-flke mass. By selecting suitable 
proportions, and diluting with other oxides, 
fuller’s earth, etc., the setting-time can be 
varied, and a series of useful cements and 
luting-compounds prepared {cf. Stager, Z. angew. 
Chem. 1929, 42, 370 ; Gleason, Paper Trade J. 
1932, 95, T.A.P.P.L Sect. 169; Neville, J. 
Physical Chem. 1926, 30, 1181). 

For many of these purposes, including nitra- 
tion, ethylene glycol may be substituted for 
glycerol, and should the price of the latter 
increase the glycol may prove a serious rival 
{v. Dynamite, Vol. TV, 24^)., 

Deeivatites of Glycebol. 

For compounds of glycerol with metal oxides, 
see p. 56c. 

Esters of Glycerol. — ^As a trihydric alcohol,, 
glycerol is capable of forming esters with organic 
or inorganic acids, or esters containing both in- 
organic and organic acid residues. 

Organic Esters of Glycerol. — Glycerides.— 
The most important esters of glycerol with 
organic acids are the tri-esters — triglycerides — 
resulting from the combination of the three 
hydroxyl groups of the glycerol molecule with 
3 mol. of a higher monobasic fatty acid, which 
form the characteristic and principal components 
of the natural oils and fats .of animal or vegetable 
origin. 

B^y the esterification of only one, or two, of 
the three hydroxyl groups, glycerol forms mono- 
and di-acid esters respectively, which, in the case 
of the fatty acid esters, are usually referred to 
as monoglycerides and diglycerides. As would be 
expected from the constitution of glycerol, two 
structurally isomeric monoglycerides may e^t, 
according to the position which the acid radical 
occupies in the molecule. This is indicated m 
the formula (i) and (ii), in which R represents 
the acid radical. Monoglycerides corresponding 
to these formulae are termed a- and fl-mono- 
glycerides respectively. 

CH,— OR (o) CH„— OH (a) 

I I . 

CH— OH (fl) CH— OR (fl) 

C H 2—0 H (a' or y) C H g— O H {a') 

(i) (ii) 

When a second fatty acid radical enters the 
molecule, diglycerides are obtained: if both 
acid radicals are abke, two isomers are possible, 
viz. the symmetrical aa' (or ay) (iii) and the 
ay? (iv) diglyceride : 

CHg— OR (a) CHg— OR (a) 

CH— OH (y?) c!h— OR (y?j 

C H 2 — O R (a') or (y) I H g— O H {a) 

(Hi) (iv) 

If the two acid radicals are different, three 

* 
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isomers (v), (vi) and (vii) arc possible, ■vvhich 
may be termed “ mixed diglj’ccrides ” : 


CH,— ORi (a) CH„— ORi 

CH— OH ip) CH— ORo 


CH„— OR„ (o') 
(V) “ 


CH„— OH 
‘(vi) 


CH„— OR„ 

I ‘ 

CH— OR, 

I 

CH„— OH 
(“vii) 

Tlio a-monoglycorides (i), llie ajS-diglycorides 
(iv) and the three mixed digl^'ceridcs con- 
tain an asymmetric carbon atom, so tliat, 
tbeorcticalK', two optical isomers arc possil)lo 
in each of these cases, and the ordinary’ syn- 
thetically prepared inactive eompo\uuls pre- 
sumably represent racemic forms. 

Grun and Limpacher (Ber. 1927, 60 [B], 
255; c/. ibid. 260) have succeeded in resolving 
the sulphuric ester of a^-distearin into two 
fractions by means of the brucine or strychnine 
salts ; the potassium salt of the recovered 
distearin sulphate exhibited optical activitj* in 
cold solution, although the distcarin prepared 
from it was entirely inactive. 

Abderhaldon (Ber. 1915, 48, 18-17) and Berg- 
mann el ah (Z. pliysiol. Ciicm. 192-1, 137, 27, 47) 
have synthesised amino-a^-diglycoridcs (diacj’l- 
aminopropancs) which could bo resolved into 
optical antipodes, from which in turn very 
sb’ghtly optically active aj 8 -digl 3 'ccrides were 
obtained. Optically active mono- and tri- 
glj’cerides have also been sj’nthcsiscd from 
d-(-f)-acetone-glj’'ccrol by H. 0. L. Fischer and 
Baer (Naturwiss. 1937, 25, 588; Baer and 
H. O.L. Fischer, J. Biol. Chem. 1939, 128, 479). 

If one or more of the fatty acids concerned 
is (are) optical^ active — ricinolcic, chaulmoogric 
or h 5 ’’dnocarpic acids, for e.xample — thej’’ confer 
optical activity on their gl^mcrides, apart from 
anj^ consideration of the configuration of the 
acjd groups within the gl^'^ccrido molecule. 

_ Mono- and di-gl^’cerides do not appear to occur 
in natural fresh fats, but vciy strong evidence 
has been adduced to sIioav that these esters arc 
formed in the course of slow hydrolysis of the 
natural trigtycerides ; hence they may be found 
m fats and oils which have become rancid by a 
natural process on exposure to air, light and 
moisture. 

Diacetin, the diglyceride of acetic acid which 
unM some use as a solvent is discussed in the 
article Acetiit. 

.-AU the tri-esters of glycerol (the triglycerides 
offals) may exhibit stereo-isomerism; thefoUow- 
ing varieties exist in the natural fats : one form 
, _ friglyccride, C 3 H 5 (OR )3 in which 

all the ..acid radicals are ahlre ; two types of 
isomeric mixed triglycerides in which two of the 
J'ree acid radicals are identical {e.g. a-oleodi- 
s eann and ^-oleodistearin) ; and three isomeric 
^^.®^,^’^^gtycerides in which all three fatty acid 
radicals are different. 

VoL. VI.— 6 


Although theoretically any trigl 3 mcride 3 con- 
taining an as 3 ’mnictric carbon atom ma 3 ’- exist 
in optically active isomeric forms, such active 
glycerides have never been foiind.in the natural 
fats as recovered from animal or ' vegetable 
tissues; in all the knovTi cases of optically 
active oils, e.g. castor oil (q.v.), chaulmoogra oil 
(q.v.), the nctivit 3 '- is duo to the presence of 
opticall 3 ' active fatty acids combined in the 
gl 3 'ccridcs. B. SuKuld, however, suggests (Proc. 
Imp. Acad. Tokyo, 1930, 6 , 71 ; 1931, 7, 222 ) 
that in tlic living animal the gl 3 meride 3 ma 3 ^ be 
oplicall 3 ’^ active, but that racemisation sets in 
veiy rapidl 3 >- after the death of the tissues and 
extraction of the fat. 


PuKrARATION OF GeYCERIDES. 

a-Monogl 3 ’ccridcs and aa'-digl 3 ’’corides may be 
prepared b 3 ' treating the corresponding a-mono- 
chloroh 3 'drin and aa'-dichloroh 3 ’^drin respectively 
(or the corresponding bromo- or iodo-h 3 'drins) 
with the sodium, potassium or silver salts of 
the desired fatty acids (Guth, Z, Biol. 1902, 44, 
7Sj Krafft, Ber, 1903, 36, 4339). Mixed di- 
gly’ccrides are obtained by treating an a-ac 3 d- 
a'-ch!oroh 3 'drin with tlie potassium salt of the 
second fatt 3 ’^ acid (Griin and Skopnik, ibid. 
1909, 42, 3750). B 3 ' treating diglyccrides with 
an acyd chloride, a third fatt 3 ’’ acid radical may 
be introduced into the molecule. Simple tri- 
gl 3 'ccridcs are also formed (together with some 
di- and mono-glyceride) b 3 ’ heating glycerol with 
excess of tlio fatty acid (Berthelot, Ann. Chim. 
Ph 3 's. 1854, [iii], 41, 216, 240 ; cf. Scheij, Rec. 
trav. chim. 1899, 18, 169) ; by heating the 
sodium or silver salt of the fatty acid with 
tribromoh 3 ’drin (Guth, l.c . ; cf. Parthed and 
Von Velscn, Arch. Pharm. 1900, 238, 261, 267) 
or by heating mono- or digl 3 ’^ceridc 3 with a 
further quantit 3 '^ of the fatty acid in question. 

The Avorkers mentioned above also attempted 
to produce j 8 -monoglycerides and aj 8 -diglyccrides 
by methods analogous to the above, e.g. starting 
from ^-chlorohydrin, or by introducing a fatty 
acid radical (by moans of the fatty acid cliloride) 
into the j3-position of an a-acyl-a'-chlorohydrin 
and then hydrolysing the a'-chlorine atom. 

It has been proved, however, by E. Fischer 
that, in reactions inA'olving mono- and di- 
glycerides, there is a strong tendency for the 
ac 3 d (or etlier) radical to enter the glycerol 
molecule in the a-position, whenever possible; 
further, migration of an existing ^-acyl group 
to an adjacent vacant a-position occurs very 
readily. It is clear from the work of Fischer 
and his successors that, in most cases, mixtures 
of a- and / 3 -monoglycerides Avere recovered by 
the earlier Avorkers from syntheses designed to 
produce j 3 -glyccrides : similarly, most of the 
“ a/S-diglycerides ” recorded in the early litera- 
ture (prepared, for example, from aj 3 -dichloro- 
hydrin and fatty acid salts), must have been 
aa'-diglycerides, or (at best) mixtures of the 
aa - and a/ 8 -isomerides. Fischer and Bergmann 
finally devised a series of very mild reactions, 
to be performed in the cold, by which authentic 
a-, aa'- and a^-glycerides can be prepared. For 
the first syntheses of authentic /S-monoglycerides, 

' see Helferich and Sieber (Z. physiol. Ghem. 1927, 
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170, 31; 1928, 175, 311); Bergmann and 

Carter {ibid. 1930, 191, 211). 

The starting-point of many of these syntheses 
is “ acetone-glycerol ” (ajS-fsopropyhdene ether 
of glycerol) 


HO CHvCH O \ 

[ >CMe2 
CH„-0/ 


or ap- or ay-benzylidene glycerol. Fatty acid 
radicals are introduced by interaction of the 
free hydrosyl group with the appropriate acyl 
chloride in the presence of quinoline or pyridine 
(.see E. Fischer, M. Bergmann and Barwind, 
Ber. 1920, 53 [B], 1589, 1606, 1621 r Bergmann 
et al., ibid. 1921, 54 [B], 936 ; Z. physiol. Chem. 
1924, 137, 27, 47 ; Fairhomne, J.C.S. 1926, 
3148 ; Fairboume et al., ibid. 1926-32 ; Hibbert 
et al., J. Amer. Chem. Soc. 1928 onwards; 
0. G. Bang et al., ibid. 1932 onwards). 

These methods have been extended by Hel- 
ferich and by P. E. Verkade and his coUahorators, 
who have achieved syntheses of authentic a- 
and ^-monoglycerides, aa'- and ajS-diglycerides 
and of mixed triglycerides of known configura- 
tion by employing the “ trityl ” (triphenyl- 
methyl) derivatives of glycerol as intermediate 
stages (c/. Verkade and Van der Lee and col- 
laborators, Proc. K. Acad. Wetensch. Amster- 
dam, 1934, 37, 812 ; 1937, 40, 580 ; Rec. trav. 
chim. 1935, 54, 716; 1936, 55, 267; 1937, 56, 
365, 613). (The work of Verkade, HeHerich 
and others is reviewed in extenso (with 42 


references) and discussed by Verkade in Fette 
u. Seifen, 1938, 45, 457 ; c/. also F. A. Norris, 
■^Oil and Soap, 1940, 17, 257.) 

The application of methods of deacylation 
and detritylation of mixed acyl-trityl-glycerides 
to the determination of the configuration of 
mono- and di-glycerides is discussed in the same 
paper (c/. also Verkade and Van der Lee, Pec. 
trav. chim. 1938, 57, 417 et seq.). 

Another method for the synthesis of un- 
symmetrical simple diglycerides is described by 
Daubert and King (J. Amer. Chem. Soc. 1939, 
61, 3328) : a-monosodium glyceroxide is treated 
with benzyl chloroformate, and the free hydroxyl 
groups in the resultant a-carhohenzyloxyglycerol 
are acylated with an acyl halide in the presence 
of quinoline, and the ester so obtained is reduced 
catalyticaUy to the ajS-diglyceride. 

Pure triglycerides commonly exhibit the 
phenomenon of a so-called “ double melting- 
point ” which was originally noted by Chevreul : 
if a glyceride is examined shortly after having 
been melted and fairly rapidly cooled, it will 
be found to melt (wholly or partially) at a certain 
temperature, then to sohdify again at a higher 
temperature, only to remelt on further heating. 
On the other hand, the crystalline glyceride 
obtained, for example, by crystallisation from 
solution, or a solidified specimen which has been 
allowed to stand for a considerable time after 
solidification, shows a single melting-point corre- 
sponding to the higher figure registered in the 
previous case (c/. Table XVI). This be- 
I haviour was ascribed by Dufiy (J.C.S. 1853, 5, 


Table XVI. — ^Melting-Points of Pcbe Glycerides (Bomer and Limprich). 


Glyceride. 

Melting- 

point.i 

” Transition- 
point.”* 

Solidifying- 

point. 

Began to 
solidify. 

Melting-point of 
glyceride heated 
above its " tran- 
sition-point.” 

Tristearin (from mutton tal- 

°C. 

°C. 

“C. 

” 0 . 

‘>0. 

low) 

a-Palmitodistearin^ (from tal- 

73-2 

55-5 

53-5 

58 

73-6 

low) 

/3-Palmitodistearin^ (from 

61-5 

52-1 

49-7 

55 

63-4 

lard) 

Stearodipalmitin (from mut- 

68-4 

52-2 

50-0 

55 

68-5 

ton tallow) 

58-1 

(48) 

45-9 

52 

58-5 

Stearodipalmitin (from lard) . 

58-3 

48-2 

45-9 

53 

58-8 


^ Determined by Polenske’s method. ® I.e. lower melting-point. 

^ The reverse configurations assigned by Bomer to the palmitodistearins &om tallow and lard respectively 
have been corrected in the light of later information. 


197) and Heintz (J. pr. Chem. 1849, [i], 48, 
382 ; 1854, [i], 63, 168 ; Poggendorff’s Ann. 
Phys. Chem. 1854, 93, 43 ; cf. also Griin and 
Schacht, Ber. 1907, 40, 1778 ; 1912, 45, 3691 ; 
Bomer, Z. Unters. Nahr. Genussm. 1907, 14, 
90, 97 ; 1909, 17, 353, 363) to the existence of 
two physical modifications of each individual 
glj'ceride : viz. an unstable (labile) low-melting 
modification and a stable, high-melting form. 
(Bomer also refers to the melting-point of the 
labile form as the “ transition-point,” but this 
nomenclature must be rejected, since the change 


from the labile to the stable form may take place 
even in the solid state, albeit less rapidly than 
in the molten condition.) 

Crystallisation of the stable modification is 
a slow process (Le Chateher and Cavaignac, 
Compt. rend. 1913, 156, 589), and when the 
melted glyceride is rapidly chilled, it first soh'di- 
fies in the labile form, which gradually changes 
into the stable modification if it is allowed to 
stand for a prolonged period in the solid state, 
or is warmed for some time a few degrees above 
the lower melting-point (cf. the m.p. of cocoa 
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butter (Vol. HI, 2356)). Eurtlicr evidence for 
the above vicu’ ivas given by tlio iatcr oxperi- 
inenls of Bonier and Liinprich (Z. Unters. Nnlir. 
Genussm. 1913, 25, 3G7, 373) and by tlio ivork 
of Reinders, Dopiilcr and Oberg (Rcc. trav. cbiin. 
1932, 51, 917) on the existence of two crystalbnc 
modifications of cacao butter ; and the existence 
not only of two, but of three polymorphic modifi- 
cations of gh’cerides (c/. Duffy, l.c . ; Otbmer, 
Z. anorg Cliem. 1915, 91, 237 ; Nicolct, J. Ind. 
Eng. Chem. 1920, 12. 741 ; and Loskit, Z. physiol. 
Cbom. 1928, A, IS^, 135) has been cslablisbed 
by the X-ray investigations of Clarkson and 
Malkin (J.C.S. 1934, G6G). The biglicst-mciting 
so-called /3-raodification is the stable form 
referred to above, in which the glyceride crystal- 
lises from solution: the intermediate a-form, 
obtained b}' fairly rapid cooling from a molt 
is crystalline, but the lowest-melting modifi- 
cation, obtained b^' vcr3' rapid cooling, is de- 
scribed by IMalkin as not trulj^ cr^'stallinc but 
as possessing rather the properties of a glass. 
The melting-points determined by Malkin for 
various simple trigljmcridcs are shown in 
Table XVII (c/. Othmerj Loskit, l.c.). 


Table XVII. — ^IIeltixo-Points (°C.) of 
Triglycerides (Clarkson and ^Malkin). 



j9-fonn. 

a-forni. 

Giass.i 

Tristearin 

(Octndccylln) . 

71-5 

C.5-0 

54-5 

Trimargariii 

(Heptndocylin) 

03-r> 

01-0 

50-0 

Tripalmitin 
(Hc.xadccylin) . 


r.0'0 

45'n 

Tripentadeoylin . 
Triniyristiu 
' (Tetradecylin) . 

54-0 

51-5 

40-0 

57-0 

4G-.'i 

330 

Tritridepyhii . . 

44'0 

41-0 

25-0 

Trilaurin 

(Dodecylin) 

40-4 

35-0 

15-0 

Triundccylin . . 

Tricaprin 
(Dccyiin) . , 

30-5 

20-.'i 

1-0 

31-5 

18-0 

-15-0 

Tricaprylin 
(Octyiin) . 

9-8-10-12 




^ These temperatures are not true melting-points, 
but are the means of a small melting-range : they 
usually vary by ±1° (Clarkson and Malkin). 

^ Herschberger, J. Amor. Chem. Soc. 1930, 61, 3587- 

In the case of other investigators who have 
only recorded two melting-points for each gly- 
ceride (as is general in the older literature), 
these correspond as a rule with the melting- 
points of the stable form and of Malkin’s lowest- 
melting labile modification. 

The property of “ triple melting ” was found 
to be general for all the simple triglycerides 
examined from tricaprin to tristearin. In the 
case of the labile modifications, smooth curves 
are obtained on plotting the melting-points 
against the number of carbon atoms in the fatty 
acid concerned ; the melting-points of the 
stable form, however, show an alternating or 
zig-zag progression (c/. Table XVII) ; or rather, 
the melting-points fall on to two curves — the one 
for glycerides of acids with an even number of 
carbon atoms and the other representing the 
odd series. 

The existence of similar triple polymorphism 
B’as also established in the case of the a-mono- 


gl^'cerides (T. Malldn cl al., J.C.S. 1936, 1628 ; 
cf. Fischer, Bcrgmann and Bflrwind, Bor. 1920, 
63 [B], 1591 ; Rewadikar and Watson, J. Indian 
Inst. Sci. 19.30, 13A, 128) and among the simple 
aa'-diglyccridcs up to aa'-dipentadecoin : in the 
case of dipalmitin and higher glj'ceride.s, only 
two modifications of each glyceride could bo 
found (Malkin el al., J.C.S. 1937, 1409). The 
transitions between the various forms of the 
digl3'ccridcs is more rapid, however, than in 
the case of the triglycerides. 

Since the natural fats are compo.sed of mix- 
tures of several individual glyccride.s, the 
phenomenon of the double- or triple-melting- 
point is liable to be obscured : in some cases, 
however, such as that of cacao butter, which 
consists of a relatively small number of com- 
ponent gl3’ccrides, the behaviour on melting 
and solidifying resembles that of a single gly- 
ceride. In all cases, however, if it is desired to 
ascertain the melting-point of a fat which has 
recent^ been fused, it is necessary to allow the 
sample to stand for at least 24 hours (and pre- 
ferably longer) before making the test. 

The chemical formula) and melting-points of 
a number of B3'nthctic, simple trigl3'cerides, of 
mixed trigl3'cerides which occur commonl3' in 
natural fats and of some trigl3'ccridcs which 
have been isolated from hydrogenated oils are 
shown in Table XVIII (figures drawn from the 
data of many authors collated by Hilditch in 
Ilcftcr-Schonfeld, “ Chemie u. Tcchnologio der 
Fetto u. Fettproduktc,” 1936, Vol. I, p. 197, 
where the original references arc quoted : 
melting-point data, details of preparation, etc., 
of many monoglycerides, diglyccrides and syn- 
thetic mi.xcd triglycerides together with the 
original references arc given in this work, also 
in Lcwkowitsch’s “ Chemistry and Technology 
of Oils, Fats and Waxes,” and in similar text- 
books). 

Triacctin is used extensively as a solvent and 
plasticiser {v. Aoetin). 

Glycerol Esters of Inorganic Acids. — 
Glyceryl Ohlorohydrins. — The glyceryl chloro- 
hydrins or chlorides of glycerol are chiefly of 
interest as intermediate products in the S3Tithesis 
of glycerol from propylene or allyl alcohol 
{cf. p. 42), and ns the starting point for the 
older syntheses of glycerides. 

a-Monochlorohydrin, an oily liquid, b.p. 
2277700 mm. (Berthelot), 159°/100 mm., 
I397I8 mm.. (Hanriot), 121-6-122'6716 mm. 
(Niviire) ; d", 1-338 (Hanriot), 1-3216 (Smith, 
Z. physikal. Chem. 1918, 92, 717), is miscible in 
all proportions with water, alcohol or ether : it 
is formed, together with minor amounts of the 
^-isomer, when glycerol is heated at 100°C. 
with moderate amounts of hydrogen chloride 
(Berthelot, Ann. Chim. Phys. 1854, [iii], 41, 
296 ; Nivifere, Bull. Soc. chim. 1913, [iv], 13, 
893; Compt. rend. 1913, 156, 1628; Hanriot, 
Ann. Chim. Phys. 1879, [v], 17, 62, 67 ; Conant 
and Quayle, Organic Syntheses, 1932, Coll. 
Vol. I, p. 288). 

With excess of hydrogen chloride — for 
example, by treating glycerol with hydrogen 
chloride in the presence of glacial acetic acid — 
aa'-dichlorohydrin, b.p. 70-73714 mm. is ob- 
tained (Conant and Quayle, op. cit., p. 286). 
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^-Monochlorohy drill, b-i). 14G°/18 mm., (Z® 1-328 
(Haiiriot, l.c., p. 68) can be prepared by the 
action of bypoclilorons acid upon ally! alcoliol, 
-whilst a^~dichhrohy drill, b.p. 182°, is obtained 
bj' treating alljd alcohol with chlorine. 

■ Trichlorohydriii (gl^’cerjd trichloride, propcnyl 
trichloride), b.p. 158°, is produced by the action 
of phosphorus pcntachlorido upon dichloro- 
hydrin. 

The hromo- and iodo-hydrins may be prepared 
b}" analogous methods, using the appropriate 
halogen or halogen acid (for the synthesis of 
glj’ceiyl-aa'-dibromohydrin, b.jj. il0-112°/20 
mm., cf. G. Braun, Organic Sjm theses, 1934, 14, 
42). 

Data concerning a number of derivatives of the 
chlorolydrins contahiing fatty acid radicals, 
such as chlorodilaurin and chlorodistcarin, which 
have been prepared by Grun and others in the 
course of their work on the synthesis of gly- 
cerides, are collated by J. Lewkowitsch in “ Oils, 
Fats and Waxes,” 6th ed. Yol. I, ch. 3. 

The sulphuric acid esters of gl3’cerol arc ob- 
tained bj' dissolving glj’cerol in concentrated 
sulphuric acid. On heating with steam, the 
esters are easily dissociated into gh'cerol and 
sulphuric acid. All three possible gl^'cerol std- 
phuric acids, glj’ceroltrisulphuric acid, glj'ccrol- 
disulphuric acid and glj’ccrolmonosulphuric 
acid are known. 

Nitric acid esters of glycerol — Nitroglycerin (u. 
Explosives, Vol. IV, 491). 

Glyceryl arsenite is formed by dissolving 
arsenious oxide in glycerol and heating to 250°. 
Above 250° it decomposes. It is volatile with 
the vapours of glj'cerol, heneo, when distilling 
the arsenite in a current of superheated steam 
it is either volatilised unchanged, or is hydro- 
l3'sed by the steam so that the distillate contains 
arsenious acid. Glycer3d arsenite is used in calico 
printing. - , 

Glyceryl borate. — ^When glycerol is heated to 
160° with boric anh3'dride a yellow hygroscopic 
mass of glyceryl borate 

CHjO. 

CHO-^B 

is obtained ; this ester is unstable and is decom- 
posed by M-ater but is somewhat soluble in 
alcohol (W. R. Dunstan, Pharm. J. 1884, 14, 41). 

Glyceryl phosphoric esters are obtained b3’^ heat- 
ing phosphoric acid with glycerol. .The most 
important ester, commercially, is monoglyceryl- 
phosphoric acid, C 3 H 5 (O HlgO- PO (O Hlj, which 
forms a series of salts (sodium, lithium, calcium, 
strontium, iron, etc.), largely used in pharma- 
ceutical practice (especially in France). 

It has been found by Umney and Bennett 
(Proc. Brit. Pharm. Conf. 1914, 22) that the 
composition of commercial calcium glycero- 
phosphate varies. It should contain at least 
15% of calcium, and may contain added citric 
acid to increase the solubility. The magnesium 
salt should contain not less than 10% of mag- 
nesium, and the ferric salt at least 16% of iron, 
and be soluble in 2 parts of water. Sodium 
glycerophosphate crystallises with 5 mol. of 
water. 


The S3mthotic gl3'cer3dphosphoric acid is 
optically inactive and consists of a mixture of 
gl3'ccr3d-a-raonophosphoric acid with some 
gl3'ceryl-)3-mono2)hosphoric acid : it is not, how- 
ever, identical with full3’^ racemised “natural 
gl3'ccr3dphosphoric acid ’* which may bo re- 
covered from phosphatides of animal or veget- 
able origin. It has been shown b3' King and 
P3'man (J.C.S. 1914, 105, 1238) that the com- 
mercial cr3'stalliscd sodium salt introduced by 
Poulenc Fr6res [cf. F.P. 373112) consisted of 
sodium glycer3'l-^-monophos2Jhatc. Natural gly- 
eor3’l2)hos2>horio acid consists of a mixture of 
about 3 2’arls of the )3-acid with 1 part of the 
a-isomcr, and dis2)ln3'8 a certain degree of optical 
nctivit3' [cf. Karrcr cl al., Helv. Chim. Acta. 1926, 
9, 3). 

Both gl3'ccr3-l-niono2ihosphoric acids have 
been pre25arcd 1)3- Karror el al. [l.c.) from natural 
lecithin. The /S-acid can be precipitated as a 
ciystallinc insoluble double salt with barium 
nitrate. The a-acid forms onl3' a sim2de barium 
salt, winch is 2’rccipitatcd from solution on 
boiling. 

Both gl3’cer3‘l-a-monophosphoric acid and 
gl3'ccr3d-)9-mono2)hos2>horic acid have been syn- 
thesised 1)3' King and P3-man [l.c. ; cf. Hill and 
P3’mnn, J.C.S. 1929, 2236); the respective 
quinine salts melted at 153-154°C. [cf. m.p. 
15.5° recorded 63' Karrer and Benz, Helv. Chim. 
Acta, 1920, 9, 23) and 178-1 80°C Glyceryl-a- 
ntono2J)osphoric acid has also been synthesised 
b3’ Karror and resolved into its optical isomers 
through the strychnine salt (Karrer and Benz, 
l.c., and ibid. 598). 

Optically active glycerylphosphoric acid may 
be s3Tithesised by adding phosphoryl chloride to 
a solution of (7-a-bromoh3'drin in dry pyridine 
at below —10°. The bromine is removed by 
litliium h3'droxido and the product is isolated 
ns nearly pure hthium d-gl3'ceryl-a-phosphate 

H0CH„-CH(0H)CH2-0-P0(0Li)2, 

Wd— 4-3-51° in aqueous solution. Lithium’ Z- 
glycer3dphosphate has [0]^=— 3-02° (Abder- 
halden and EichAvald, Ber. 1918, 51, 1308). 

(.(— ).gl3rceryl-a-monophosphoric acid syn- 
thesised from (Z(4-)-acetone-glycerol by H. 0. L. 
Fischer and Baer (Naturwiss. 1937, 25, 589 ; 
Baer and H. 0. L. Fischer, J. Biol. Chem. 
1939, 128, 491) is stated to be identical with 
the natural product obtained from Iccitliin. 

Phosphatides. — ^^''ery great physiological 
interest, as Avell as some commercial utility, 
attaches to a group of mixed triglycerides Avhich 
contain both fatty acid and phosphoric acid 
residues, and are known as phosphatides (Thudi- 
chum), phosphoUpins (Leathes) or phospho- 
amino lipids. 

Although their precise r61e is not yet fully 
understood, it is clear that the phosphatides play 
an extremely important part in the fat-meta- 
bolism of the hving organism. , 

In these compounds, tAvo long-chain fatty acid 
radicals (Avhich may be saturated or unsaturated, 
e.g. stearyl or oleyl residues) and one phosphoric 
acid residue are combined with glycerol : further, 
one of the tAvo remaining free hydroxyl groups of 
the phosphoric acid nucleus is’ eombined With 
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an organic base — choline in the case of the 
lecithin group of phosphatides, and colamine 
(^-aminoethanol, ^-hydroxyethylanaine) in the 
case of the keplmlins. The phosphatides, which 
are described more fuUy elsewhere (c/. H. and 
J. S. MacLean, “ Lecithin and Allied Substances : 
— ^The Lipins,” London, 1927 ; Thierfelder and 
Edenk, “ Chemie der Cerebroside u. Phospha- 
tide,” Berlin, 1930 ; Leathes and Raper, “ The 
Fats,” London, 1925), are found widely dis- 
tributed in small quantities in animal and 
vegetable tissues (frequently in association with 
fats), and especially in the physiologically active 
organs and secretions such as the brain, Uver, 
blood, egg-yolk, milk, etc. They occur in 
smaller quantities in plant tissues, notably in the 
seeds of the soya bean. 

For the separation of o- and j3-lecithins and 
-kephalins from soya bean and brain phos- 
phatides, c/. B. Suzuki and collaborators (Y. 
Yokoyama etal.), Proc. Imp. Acad. Tokyo, 1930, 
6, 341 ; 1931, 7, 12, 226 ; 1932, 8, 183, 358, 361, 
424, 428, 490). 

• Bodies of the lecithin and kephalin type con- 
taining saturated fatty acids have been syn- 
thesised by Griin and Limpacher (Ber. 1926, 
59 [B], 1350 ; 1927, 60 [B], 147 ; c/. Hundes- 
hagen, J. pr. Chem. 1883, [ii], 28, 219) : the 
configuration of these products is discussed by 
Verkade and Van der Lee (Proc. K. Akad. 
Wetensch. Amsterdam, 1937, 40, 858 ; Fette u. 
Seifen, 1938, 45, 457) and by Kabashima and 
Suzuki (Proc. Imp. Acad. Tokyo, 1932, 8, 492; 
Kabashima, Ber. 1938, 71 [B], 76, 1071). Phos- 
phatides containing oleic and other unsaturated 
acids have been synthesised by Griin and 
Memmen (unpublished ; v. Hefter-Schonfeld, 
“ Chem. u. Technologic d. Fette u. Fettpro- 
dukte,” 1936, Vol. I, 483 ; method patented by 
Hoffmann-La Roche & Co., A.-G., G.P. 608074). 
For the synthesis of chaulmoogryl and hydno- 
carpyl glycerophosphatides, see Wagner-Jauregg 
and Arnold, Ber. 1937, 70 [B], 1459 ; Arnold, 
ikid. 1938, 71 [B], 1505. 

The new methods of Verkade and his col- 
laborators for the synthesis of glycerides (see 
above) may also be adapted for the synthesis of 
glycerophosphoric acids and phosphatides of 
known configuration. 

The phosphatides are soluble in fats but differ 
from these in being soluble in alcohol and in- 
soluble in acetone : they emulsify readily with 
water, and hence find extensive commercial use 
as emulsifiers in the mannfacture of margarine 
and other technical emulsions, as additions to 
soap and as a viscosity-modi^ng agent in the 
manufacture of chocolate {v. Vol. Ill, 87c). 
Lecithin recovered from soya beans now largely 
replaces lecithin prepared from animal sources 
(egg-yolk, brains) for commercial purposes. 

Glyceryl Ethers. — Mono- -and di-alkyl (or 
aryl) ethers may be. prepared by treating the 
corresponding chlorohydrins with the appro- 
priate alcohol and caustic soda. The tri-ethers 
are made from the di-alkyl derivatives by 
reaction with sodium and an alkyl sulphate. 

These ethers are stable, inodorous com- 
pounds, possessing excellent solvent properties 
for organic substances, such as nitrocellulose, 
resins, oils, etc. ' The following belong to the class 


of “ high boiling ” or “ medium boiling ” 
solvents : monomethyl ether, b.p. 196° ; d- 
methyl ether, b.p. 169°; trimethyl ether, b.p. 
148° ; monoethyl ether, b.p. 230° ; diethyl 
ether, b.p. 191°; triethyl ether, b.p. 230°; 
di-f5opropyl ether, b.p. 112°; di-woamyl ether, 
b.p. 270°. The properties of a number of 
glyceryl ethers (and also of some glyceryl 
acetals and ketals) are listed by Du Puis, Tenth 
and Segor in Oil and Soap, 1941, 18, 31. 

Some, e.g. the diethyl ether, are used as lacquer 
solvents, and others, e.g. the mixed ditolyl ethers 
(b.p. 200-210°/20 mm. in steam), as plasticisers 
(c/. Fairbourne, Chem. and Ind. 1930, 49, 1021). 
The lower members of this series are water- 
soluble. For the configuration of the isomeric 
glyceryl ethers, see Fairbourne (J.O.S. 1930 et 
seq.) ; Hibbert (J, Ajmer. Chem. Soc. 1928 ei 
seq.). 

The a^-isopropylidene ether of glycerol 
(“ acetone-glycerol ”) and the o)S- and aa- 
benzylidene ethers are of interest in con- 
nebtion with the synthesis of artificial glycerides 
{see p. 66a). 

Polyglycerols; Digiycerin. — Diglycerin 
(Diglyceryl ether, diglyceryl alcohol, bisdi- 
hydroxypropyloxide (Nef, Annalen, 1904, 335, 
239)), (H0)2C,H,-0-C,Hs( 0H)„ is the 
lowest member of a series of condensation pro- 
ducts — ethers — of glycerol which are formed 
when glycerol is heated. It is present in, and 
may be separated from, the glycerin^ foots 
or stUl residues obtained in the distillation of 
glycerin. In ordinary circumstances, however, 
it is more convenient to manufacture diglycerin 
and polyglycerols by .the condensation of pure 
glycerin (cf. Claessen, G.P. 181754, 198768; 
Nobel Explosives Co. et al., B.P. 24608/1910; 
Lever Bros. Ltd., B.P. 442950 ; U.S.P. 2071459 ; 
Henkel & Cie, G.P. '494430 ; I.G. Farbenind. 
A.-G., G.P. 575911, 623482). The condensation 
of glycerin by heating it in the presence of mag- 
nesia or silica is claimed to furm'sh a product 
consisting largely of diglycerin. Iodine has 
been used as catalyst for the condensation by 
Hibbert (U.S.P. 1126467) and Lewis (J.S.G.L 
1922, 41, 97 t), but this method is adversely 
criticised by Rayner {ibid. 1922, 41, 224Tb 

Louren90 (Ann. Chim. Phys. 1863, [iii], 6', 
299) prepared both diglycerin and triglycenn, 
(C0H20O7), b.p. 275-285°/10 mm., by heating 
glycerol %vith monochlorohydrin. 

Diglycerin is an extremely -viscous, hygroscopic 
liquid, b.p. 257-260°C./30 mm. (Lewis), 261- 
262°C./27 mm. (Nef, l.c.); 235-240°C./6 mm. 
(Nivibre, Compt. rend. 1913, 156, 1776), dg 
1-3215 ; dfo 1-3183 (Lewis). ' 

Polyglycerols. — ^As the temperature of the con- 
densation of glycerin is increased, “ poly* 
glycerols ” of lugher molecular weight are 
formed. Thus Rangier (Chim. et. Ind. 1929, 
Spec. No. 8e. (Strasbourg and Luxembourg, 
Congr. de Chim. ind., (1928), p. 535C) has isolated 
tri- {cf. Lourenqo, l.c.), tetra-, penta- and hepta- 
polyglycerols together -with other unidentified 
solid condensation derivatives, from the products 
of the polymerisation of glycerol at 245-265°C. m 
the presence of sodium acetate. Rangier {l-C.) 
suggests that condensation products of tuC 
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glycido typo (i.c. in which water has been 
eliminated between adjacent 113'droxyl groups of 
the same gljmerol nucleus) may bo formed as well 
as the other-t^’pe of condensation derivative. 

Apart from the older use of glycerin foots, in 
the manufacture of shoe-blackings, hectograph 
mass, etc., applications of polygl,vccrola or their 
esters (including esters offattj' acids and of rosin 
acids) as lathering and detergent agents, or as 
assistants in the drawing of threads of cellulose 
derivatives have been proposed in various 
patents. 

•For methods of anatysis of mixtures of di- 
glj'cerol and glj'cerin, cf. Rajmer (I.c.), Lewis 
(Z.C.), La\vrio (on. cit., p. 303). 

E. L. and H. E. C. 

GLYCIDIC ACID, 


O 

/ \ 

CHj-CHCOaH. 

dl-Glycidic acid is prepared by the action of 
alcoholic KOH on the mixture of d-chlor- 
hydracr3dic acid and ^-chlorlactic acid obtained 
by treating acrydic acid with h3'pochlorou8 acid 
^lelikow, Ber. 1880, 13, 468; cf. Freudenberg, 
ibid. 1914, 47,2034). It is a liquid miscible in 
all proportions with water, alcohol and other. 
The free acid and its salts readily pass into 
glyceric acid on warming with water. The 
ammonium, sodium, potassium and silver salts 
are cr3'atalline, the calcium and zinc salts are 
amorphous. 

The ethyl ester is insoluble in water and has 
b.p. 161-103°, df'° 1-0933 (Melikow and 
Zelinsky, ibid. 1888, 21, 2052). 

d-OUjcidic acid: the potassium salt is prepared 
by the action of alcoholic KOH on Z-^-bromo- 
lactic acid and has [a]p® 4-30-2°. \-Glycidic acid 
is similarly prepared from d-j3-bromolactic acid 
and has [ojj,® -11-7° (Abderhaldcn and Eich- 
wald, ibid. 1916, 48, 110). 

Substituted glycidic acids are obtained from 
Q)3-unsaturated aldehydes by treatment with 
allcali and either alkali hypobromite or hydrogen 
peroxide, e.g. phenylglycidic acid from cinnam- 
aldchyde, and methylglycidic acid from croton- 
aldehyde (Kaufmann, B.P. 335391). 

GLYCIDIC ESTERS. Of recent years 
somewhat mysterious bodies, appeared on the 
synthetic-perfume market under the names 
“ C^5 aldehyde (strawberry aldehyde) " and 
“ Cgy aldehyde (raspberry aldehyde).” 

These so-called aldehydes are in fact glycidic 
esters, either pure or mixed. 

The manufacture of these bodies, which are of 
considerable importance in the flavouring and 
perfume trades, is described in detail in B.P. 
372013/1931, and is effected by condensing, by 
means of an alkaUne condensing agent, a halogen- 
acetic acid ester with a cyclic aldehyde, or with 
an open chain ketone or a saturated cyclic 
ketone. 

The typical strawberry compound, ethyl /3- 
phenyl-)3-methylglycidate, 

MePhC CH-COaEt 


is prepared by dissolving acetophenone and ethyl 
chloracctato in benzene or. xylene and con- 
densing with sodamide. It is a colourless liquid, 
b.p. 132-l34°/5 mm., and has an agreeable odour 
resembling that of strawberries. 

The three following esters have a raspberry 
odour : ethyl 4-ethylphenylgl3midate, b.p. 165- 
160°/3 mm. ; ethyl 4-methylphenylglycidate, 
b.p. 146-147°/3-4mm. ; and ethyl 2:4-dimeth3d- 
phenylgl3midatc, b.p. 150-16.6°/3 mm. 

The ethyl esters of the di-i5oprop3dphon3d- 
glycidic acids have musk or ambergris odours, 
and many others of the series are used for 
modif3’ing flavours and odours. For example, 
cth3'l 2:4-di-isopropylphenylglycidate is a liquid, 
b.p. 176-185°/3 mm., having an ambergris 
odour. 

E. J. P. 

GLYCIDOL (glycide, cpihydrin alcohol), 

O 

/ \ 

CHyCH-CHyOH, 

dl-Qlycidol. — A yield of 90% is obtained by 
the action of metallic sodium on glycerol mono- 
chlorhy’drin dissolved in nnh3'drou8 ether. It 
is a liquid, b.p. G5-06°/2-2-6 mm., 41°/1 mm,, 
1.1143, 1-4302. 

Characteristic derivatives are the phenyl- and 
a-naphthyl-urcthanes which form colourless 
needles from high-boiling petroleum and melt 
at 00° and 102° respectively (Rider and Hill, 
J. Amor. Chem. Soc. 1930, 52, 1621). 

Ethers. — Methyl, b.p. 115-118°; ethyl, b.p. 
124-120°, rfo 0-9046 ; isoamyl, b.p. 188°, 0-90 ; 

phenyl, b.p, 243-244°, 133°/23 mm. 

\-Glycidol has l-lOGO and [a]Jf -8-55°. 

d-OZycidoZhasd 1-1064 and[a]D 4-7-69°(Abder- 
haldon and Eichwald, Ber. 1916, 48, 1866-1804). 

GLYCINE. Glycocoll, Aminoacetic acid, 

CH, NHs 

NHo-CHyCOOH or | 

CO O" 

(Sakurai, Chem. Soc. Proc. 1894, 90; 1896, 38; 
Walker, ibid. 1894, 94), was discovered in 1820 
by Braconnot (Ann. Chim. Phys. 1820, [ii], 13, 
114) among the products obtained by decom- 
posing glue with sulphmic acid. It is obtained 
similarly from various proteins (Spiro, Z. 
physiol. Chem. 1874, 28, 187), and is present as 
the chief amino-acid in the 'sugar cane (Shorey, 
J. Amer. Chem. Soc. 1897, 19, 881 ; 1898, 20, 
137). 

Pbepabation. — (I) From chloracetic acid. 
Chloracetio acid (1 mol.) is dissolved in 4 litres 
of NH4OH (sp.gr. 0-90) and allowed to stand 
for 24 hours at 30° or 2 days at 20° and the excess 
NHg recovered by distillation. The glycine 
solution is evaporated to 600 c.c. and 1 mol. of 
pure silver oxide stirred in until the reaction is 
over. The filtrate from AgCI is concentrated 
to 200 c.c., boiled to • decompose any silver- 
ammonia complex, and again filtered. The 
glycine solution is treated with “ norit ” (1-2 g.) 
filtered and treated with an equal volume of 
96% EtOH and after 1 hour at 0° filtered; 
the separated glycine is washed with 95% EtO H 
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and the crystals dried in a desiccator. Yield, 
43 g. (63% containing O-l mol. % of NH4CI). 
To purify — dissolve the product in 200 c.c. 
■water and shake -with 10 g. gyanular “permutite” 
(after Folin), filter and precipitate the glycinewith 
250 c.c. 95% EtOH. Wash and dry as above. 
Yield, 37*5 g., 50% on whole process. It is free 
from NHg and Cl' (Robertson, ibid. 1927, 49, 
2889 ; see also BoutweU and Kuick, ibid. 1930, 52, 
4166 ; Orten and Hill, ibid. 1931, 53, 2797 ; 
Krause, Chem.-Ztg. 1931, 55, 666,* Kulikov eit 
al., J. Gen. Chem. U.S.S.R., 1932, 2, 730, 777 ; 
Contardi and Ravazzoni, Rend. 1st. Lomb. Sci. 
Lett. 1933, [ii], 66, 786 ; G.P. 616412). 

(II) From Aminoacetoniirile. — ^Aminoacetoni- 
trile hydrogen sulphate is hydrolysed with 40% 
H2SO4 for 3 hours at 125°. ' The yield may be 
>92%. The purification suggested is: heat 
the glycine solution by superheated steam with 
enough pure BaCOg to neutralise all acids and 
expel all NHg. Precipitate the barium as 
BaS04. Treat the filtrate ■with pure PbCOg 
until neutral, and if Cl' is present, cool to 0° 
for about 12 hours. ■ Filter and decompose ■with 
HgS. Concentrate the glycine solution and 
wash the product in MeOH (Cocker and Lap- 
worth, J.C.S. 1931, 1391 ; see also Anslow and 
King, ibid. 1929, 2465). 

Glycine can also be obtained by passing 
cyanogen into boilmg hydriodic acid (sp.gr. 
1-96) (Emmerling, Ber. 1873, 6, 1351); by 
heating potassium phthalimide "with ethyl chlor- 
acetate (Gibriel and Kroseberg, ibid. 1889, 22, 
427) ; by -treating nitrosomalonic ester ■udth 
zinc and acetic acid (Conrad and Schulze, ibid. 
1909, 42, 729) ; by boiling hippuric acid -with 
strong sulphuric acid (Curtius, J. pr, Chem. 1882, 

[ii] , 26, 145 ; Dessaignes, Annalen, 1846, 58, 
322) ; by treating glyoxyhc acid with am- 
monium carbonate and subsequently heating 
■to 120° ■with hydrochloric acid (Erlenmeyer, 
junr. and Kimlin, Ber. 1902, 35, 2438 ) ; by the 
action of hexamethylenetetramine on potas- 
sium monochloracetate (Bourcet, Bull. Soc. 
chim. 1898, [iii], 19, 1005 ; Auger, ibid.' 1899, 

[iii] , 21, 5). 

In order to obtain the pure acid, the solution 
containing the acid, prepared by any of the 
above methods, is freed from ammonia (if present) 
and freshly precipitated copper hydroxide is 
added. The copper salt of the acid which cry- 
stallises out is filtered off and decomposed -with 
sulphuretted hydrogen. Another method con- 
sists in separating the acid from the impurities 
present by extraction ■with glycerol (Farbw. 
vorm. Meister, Lucius and Briining, G.P. 
141976 ; Z. angew. Chem. 1903, 16, 527). 
Siegfried (G.P. 188005 ; Chem. Zentr. 1905, I, 
1140; 1906, I, 451; 1907, H, 1466) adds 
barium (or strontium) hydroxide to the ice-cold 
solution, passes in carbon dioxide, precipitates 
the barium carbaminoacetate. 


I >Ba 

NH-COO/ 

.by alcohol and decomposes it into glycine and 
barium carbonate, by heating ■with water (v. 
Yol. I, 320d). 


PKOPiiiirrES. — Glycine crystallises from -water 
in plates and from dilute- alcohol in needles 
(see E. Fischer, Ber. 1905, 38j 2916; King and 
Palmer, Biochem. J. 1920, 14, 582). After diy- 
ing at 100° the plate form begins to decompose 
at 212°, whilst the needle form remains un- 
changed until at 228° it turns brcwn and at 
232-236° melts, turning purple and evol-vinggas ; 
sp.gr.' 1T607 (Curtius, l.c.). It is soluble in 4-3 
parts of cold water and in 930 parts of ethyl 
alcohol (sp.gr. 0-828) but is insoluble in absolute 
alcohol. Hydriodic acid reduces glycine to 
ammonia and acetic acid (K-wisda, Monatsh. 
1891, 12, 419), whilst sodium amalgam yields 
aminoacetaldehyde (Neuberg, Ber. 1908, 41, 
956; E. Fischer, ibid. p. 1019). Electrolysis 
of the acid or the copper salt yields ethylene- 
diamine (Lilienfeld, G.P. 147943 ; Chem. Zentr. 
1904, I, 133; Kiihling, Ber. 1905, 38, 1638; 
1907, 40, 757). Hydrogen peroxide oxidises 
glycine to glyoxyhc acid and formaldehyde 
(Dakin, J. Biol. Chem. 1905, 1, 171) ; treatment 
with nitrosyl chloride results in the formation 
of chloracetic acid (Tilden and Forster, J.C.S. 
1895, 491). Glycine and its derivatives are used 
in photography as developers in place of pyro- 
gaUol, etc. (Farb-w. vorm. Meister, Lucius and 
Briining, G.P.' 142489; U.S.P. 767815; B.P. 
20377/02 ; J.S.C.I. 1903, 22, 380). For the bio- 
chemistry of glycine, see Nord, Acta. med. 
Scand. 1926, 65, 1 ; Lundin, Biochem. Z. 1929, 
207, 91 ; Edlbacher and Kra-us, , Z. physiol. 
Chem. 1928, 178, 239; Blix, Skand. Arch. 
Physiol. 1929, 56, 131 ; Christman and Hosier 
J. Biol. Chem. 1929, 83, 11 ; Re, Rev. Soc. 
argentina biol. 1929, 5, 498 ; Reuter, Z. ges. exp. 
Med. 1935, 95, 217. 

Debtvattves. — Aromatic Glycines are pre- 
pared from aromatic amines and monohalo- 
genated acetic acids or dihalogenated -rinyl 
ethers (Imbert and Consortium fiir Elektro- 
chemische Industrie, G.P. 199624).' Glycocoll- 
amide is produced when glycocoll and alcohohc 
ammonia are heated together at 160°. Glycocoll- 
anilide is prepared from chlqr- or krom- 
acetanihde and ammonia (Majert, B.P. 52 dJ, 
1891 ; G.P. 59121 ; J.S.C.I. 1892, 11, 369). 

Esters. — ^The ethyl ester is prepared by the 
action of ammonia on chloracetic acid, end 
subsequent treatment of the crude dry product 
■with absolute alcohol and dry hydrogen chloride 
(Hantzsch and Metcalf, Ber. 1896, 29, 1684, 
Hantzsch and Silberrad, ibid. 1900, 32, 70) or 

by the interaction of hexamethylenetetramine 

and chloracetic acid and subsequent treatmen 
as above (Auger, Bull. Soc. chim. 1899, [iii], 21, 
5). It boils at '51-5-52-5°/10 mm. and has 
1-0358 (Schmidt, Ber. 1905, 38, 200; see 

also Organic Syntheses, 1934, 14, 46). 

The foUe-wing esters and their hydrochlondes 
are described by Abderhalden and Suzuki 
physiol. Chem. 1928, 176, 101) : Propyl, b-P- 
50-53°/16-18 mm., hydrochloride m.p. 73-75, 
isopropyl, b.p. 52-55°/12-15 mm., hydrochlonde 
m.p. 84-86° ; butyl, b.p. 55-58°/8-ll mm., hydro- 
chloride m.p. 64-66°; isobutyl, b.p. 60-63°/8-ll 
mm., hydrochloride m.p. 70-72°; n-amyl, fip- 
73— 76°/8-ll mm., hydrochloride m.p. 118-120 ', 
isoamyl, b.p. 78-80°/8-10 mm. ; and benzyl, b.p. 
93-95/8—11 mm., hydrochloride m.p. 126-128°., 
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Glycocollaminocarboxylic Acid Esters (v. 
Einhom, Gliem. Zcntr. 190], I, 1115 j G.P. 
10S027). 

Glycine anhydride, diketopiperazine, 


CH 


^NH-CO\ 


CH„ 


discovered by Curfcius and Goebel (J. pr. Cbcm. 
1888, [ii], 37, 173). It separates from an 
aqueous solution of glycine ester on long stand- 
ing, but is best prepared by treating the liydro- 
cbloride of the ester until caustic soda (Fischer, 
Ber. 190G, 39, 2893). It is a white crystalline 
solid which, on heating, becomes broivn at 245® 
and melts at 275°. 

It forms the compound 

C4HoO„N,-CuCl2,2H20 

with CuClj, light blue rhombic needles. CuBCj 
forms the corresponding bromide, bright green 
monoclinic prisms (Asahina and D6no, Bull. 
Choin. Soc. Japan, 1928, 3, 151). 

Two molecules each of glycine anliydridc and 
sUver nitrate combine to form scaly lustrous 
crystals, in 80% yield (Asaliina, Z. pliysiol. 
Chem. 1928, 179, 83; see a /50 D5no. and Asahina, 
ibid. 1929, 186, 133; and for FeClg Dubsky, 
Vitu and Langer, Metallborsc, 1932, 22, 1533). 

Acetaminoacetic acid, forms colourless, com- 
pact, rhombic prisms, m.p. 200-2)7°, decomp. 
(Chattaway, J.C.S. 1931, 2495). 

Heptanolmercuric glycocollate, forms cry- 
stals, m.p. 210°, decomposed by HCI. It is 
verj’- toxic and has no diuretic effect (Ldvy, 
Kayser and Sfiras, Bull. Soi. pharmacol. 1931, 
38, 573). 

Ethyl aminoacetateglucoside, melts at 112° 
and is solirble in but decomposed by water. 
It has a bitter taste (H. von Euler and Zeile, 
Annalen, 1931, 487, 163). 

a-Monoglycylglyceride, m.p. 167-170°, de- 
composing at 250° (Weizmann and Haskelborg, 
Compt. rend. 1929, 189, 104). 

The following therapeutic compounds are 
described by Chemische Fabriken J. Wiernik & 
Co., A.-G. ; 

(i) Benzyl diethylaminoacetato hydrochloride. 
The ester has b.p. 149-150°/12 mm., and is a 
strongly basic oily liquid. The crystalline 
hydrochloride is very soluble in water and 
begins to melt at 89° (G.P. 537460). 

(ii) Benzyl dimethylaminoacetate hydro- 
chloride, the ester boils at 138°/18 mm. ; the 
hydrochloride melts at 116° (G.P. 537450). 

(hi) Benzyl trimethylaminoacetate hydro- 
chloride, has m.p. 66-67° and is'very soluble in 
water (G.P. 543656). 

(iv) Benzyl triethanol aminoacetate hydro- 
chloride, 

(CH2(OH)CH2)3NCl-CH2-COOCH2Ph, 

m.p. 165° (G.P. 543566) . 

(v) Benzyl trimethylaminoacetate hydriodide. 

MegN I-CHg-COOCrigPh, 

is made by the action of CHgl on benzyl di- 
methylaminoacetate, and has m.p. 136-138° 
(G.P. 556883). 


Gljmhio reacts mth phenols forming dj^s, 
giving a blue dyestuff with phenol. A dye is 
also formed if glycine is treated with 40 c.c. of 
25% thymol and 20 c.o. of 6% NH 4 CI solution 
and bromine added until a red colour appears, 
followed by NaOH until the red colour is just 
discharged (Fiirth and Gotzl, Biochem. Z. 1936, 
283, 368). 

Tests for Olycine are described by Denigis, 
Bull. Soc. pharm. Bordeaux, 1935, 73, 161, 168 ; 
Siinchcz, Semana Med. (Buenos Aires), 1930, 
37, 1287 ; Pfeiffer and collaborators, J. pr. 
Chem. 1930, [h], 126, 97. 

" GLYCOBROM." Glyceryl dibromhydro- 
cinnamate. 

GLYCOCHOLIC ACID (a. Vol. I, 689c). 

GLYCOCYAMINE. Guanidoacetic acid, 
NH:C(NH2 )NH-CH„-COoH. 

GLYCOGEN (a. Vol. ll, 302d). 

GLYCOGENASE (a. Vol. V, 14c). 

GLYCOLLIC ACID, hj'droxyacetic acid, 
CH2(0H)C02H, is present in sugar cane juice 
(75-78% of the total ncidit 5 '), in unripe grapes 
and in wool wash-water. It is formed by the 
action of alkali on glj'oxal, of potassium cyanide 
on formaldehyde, or by the oxidation of alcohol, 
glucose or other sugars, etc. On the small scale 
it is best prepared from chloracetic acid by 
treatment with lime or other alkali (c/. U.S.P, 
2028064), but tecTinically electrol 3 dic reduc- 
tion of oxalic acid (G.P. 194038, 204787 ; cf. 
Toja and Ceva, Giom. Chim, Ind. Appl., 1926, 
8, 3) appears to bo advantageous. A process of 
oxidising acetylene with intermediate formation 
of glj'oxal forms another subject of patent claims 
(U.S.P. 1741394). 

Glycollic acid forms needles (from water), 
m.p. 78-79°, although an unstable modification, 
m.p. 63°, has been described (Muller, Z. physikal. 
Chem. 1914, 86, 219 ; Schaum, Schaeling and 
Klausing, Annalen, 1916, 411, 193). On 

dehydration it yields the normal acid anhydride, 
as well as the ether anhydride, diglycoUic acid, 
COoH-CHo-O-CHj’COgH, and polyoxymethy- 
lenet Esters of glycollic acid may be obtained 
not only by normal methods but also by the 
interaction of anhydrous alcohols with sodium 
chloracetate (B.P. 337609) : 

CHXJ COaNa-f R OH -j- 

CH2(OH)C02R-l-NaCI 

Glycollic esters of long-chain aliphatic alcohols 
are of value in that they combine with sodium 
thiosulphate to give soap-like compounds. 

G L YCO LYSIS. Definition. — The term 
“ glycolysis ” was originally applied to the pro- 
cess by which sugar contained in blood gradually 
disappears when -blood is allowed to stand 
under sterile conditions outside the body. 
This phenomenon was first noted by Claude 
Bernard and the term “ glycolysis ” was intro- 
duced by Lepine. The disappearance of glucose 
was ascribed by Stosse, and by Embden and 
Kraus (Biochem. Z. 1912, 45, 1) to an enzymic 
fission of a molecule of the carbohydrate into 
2 mol. of lactic acid. 

Kowadays the term “ glycotysis ” is under- 
stood to cover a wider field than that involved 
in the breakdown of glucose in blood. Many 
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conditions lends to an increased yield of lactic 
acid. Hcxosedijdiosphato formed during tho 
fermentation of glucose bj" yeast, yields lactic 
acid and free phosphate in tho presence of muscle 
juice, and the addition of this ester to a con- 
tracting muscle has much the same cficct on the 
yield of lactic acid as the addition of phosphate 
and glycogen. These observations led Embden 
and Ids colleagues to suggest tliat the precursor 
of lactic acid in muscle was a carbohj'drate- 
phosphntc complex to which thej' gave the name 
lactacidogen. They isolated such a substance 
from the fresh pulp of striated muscle and showed 
that it jdelded an osazone on treatment noth 
phenylhydrazine, identical with that formed 
from hexosediphosphate prepared by yeast fer- 
mentation of glucose. Embden and Zimmor- 
mann (Z. physiol. Chem. 1924, 141, 225) pre- 
pared the brucine salt of lactacidogen (1-5 g. 
of the reerj-staUised salt from tho muscles of 
one rabbit) and proved it to bo the salt of hexose- 
diphosphoric acid. Its physical properties (solu- 
bility, optical rotation and melting-point) were 
identical with the same salt of hexosediphos- 
phoric acid obtained from 3 ’cnat. It is to bo 
concluded that tho same phosphoric acid ester 
is involved in muscular contraction ns in j'east 
fermentation ; that in tho former case it is a 
precursor of lactic acid and in the latter case of 
alcohol. 

A further phosphoric acid ester important in 
tho sequence of metabolic events in contracting 
muscle was then discovered (Eggleton and 
Eggleton, Biochem. J, 1927, 21, 190). This 
ester is hydrol 3 'sed during muscular contraction 
and is re-synthesised after relaxation ; it was 
proved by Fisko and Subbarrow (Science, 
1926, 65, 403) to be phosphocreatine (I). 


/OH 
HN-P^O 
I \OH 
C=NH 


CHg-N-CHs-COOH 

I. 


This ester assumed considerable importance 
when Lundsgaard (Biochem. Z. 1930, 227, 51) 
discovered that muscle poisoned with iodo- 
acetic acid contracted without lactic acid 
formation, but with the hydrolysis of phospho- 
creatine into creatine and free phosphoric acid. 
It appeared from this discovery that lactic 
acid as such plays no important part in the con- 
traction of muscle and that its formation depends 
on subsequent chemical events. Its production, 
m fact, occurs mainly after relaxation and 
coincides -svith the anaerobic re-synthesis of 
phosphocreatine. Lundsgaard has shown that 
with muscle poisoned with iodoacetic acid 
contraction in nitrogen is followed by pho.s- 
phocreatine breakdown and has put for- 
ward the view that the energy of glycolysis 
(glycogen to lactic acid) is used for the re- 
synthesis of creatine phosphoric acid at a subse- 
quent stage. 

Aden YLPYBOPHOSPH ATE. — ^The classical dis- 
covery in 1906 by Harden and Yoimg of an 
uhra-filterable and thermostable -co-enzyme 


essential for tho fermentation of glucose by 
ymast was followed by investigations as to 
whether muscle glycolysis Avns equally in need 
of a co-enzyme. Meyerhof (Z. phj'siol. Cheni. 
1918, 101, 165; 102, 1, 185) showed that a 
co-enzjmie was required for lactic acid formation 
in muscle and ho came to tho conclusion it was 
related to the cozymaso of Harden and Young. 
Work bj' Euler and Myrbiick proved that the 
eo-enzynno contained adenine and phosphoric 
acid and indicated it to be adenjdic acid or a 
derivative of this substance. Lohmann in 1929 
isolated from muscle adcnydpyrophosphato (II) 


N:C-NH, 



(HO),-PO 

“6 

HOPO 

6 

HOPO 

CH[CH-0H]„'CH-CH2*6 


O 


II. 


and this ester has now assumed the greatest 
imjjortance in the sequence of events in the cell 
leading to the formation of lactic acid from 
carbohj'drate. 

Meyerhof, Lohmann and Jlej'or (Biochem. Z. 
1931, 237, 437) and Lohmann {ibid. 1931, 237, 
445) showed that the gl.ycol 3 dic activity of a 
muscle extract gradually disappears on lengthy 
standing at 37® or 20° due to autolytic changes 
and that tho activity is restored by the addition 
to the autoly'sed extract of minute quantities of 
adonylpyrophosphate. Autolysis results in the 
disappearance of this ester which must be 
restored to regain glycolytic activity. If the 
extract is dialysed, the loss in activity is not 
restored by the addition of adenylpyrophos- 
phate alone but tho further addition of mag- 
nesium ions is essential. The total co-'cnzy’^me 
system consists of adenylpyrophosphate and 
magnesium ions together also with phosphate 
ions. 

Lohmann {ibid. 1931, 241, 50) further showed 
that whereas adenylpyrophosphate acted as a 
co-enzyme for lactic acid formation from glycogen 
in a dialysed muscle extract, cozymase had no 
such affect. 

It is now recognised that adenylpyrophos- 
phate owes its catalytic influence to its power 
of transferring phosphate to other molecules in 
the presence of appropriate enzymes. The 
adenyhc acid system is a phosphorylating- 
dephosphorylating system for which magnesium 
ions appear to he indispensable. It is not known 
whether magnesium ions are required for all 
phosphorylating processes. 

The recognition that adenylpyrophosphate 
acts as a phosphate donator, adenylic acid being 
formed with the loss of 2 mol. of phosphoric 
acid, arose from the discovery that phospho- 
creatine breakdown in muscle occurs only in the 
presence of the adenyhc acid system (Lohmann, 
Haturwiss. 1934, 22, 409). Meyerhof and Loh- 
mann (Biochem. Z. -1932, 253, 431) had shown 
earher that synthesis of phosphocreatine in 
muscle takes place at the expense of adenyl- 
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pyrophospLate. The following equilibrium is 
established : 

Adenylic acid-r2 Phospho creatine 

^Adeny^yTophosphateq-2 Creatine. 

In the presence of a dephosphorylating en 2 yme 
in the muscle extract, breaking down adenyl- 
pyrophosphate to adenylic acid and free phos- 
phoric acid, the equilibrium above is shifted far 
to the right. 

Pbodtjcts of Caebohydeate Beeakdowit 
IK Peesekce of Muscle Tissue. — ^It was shown 
by Lohmann (Biochem. Z. 1930, 222, 324) and 
by Lipmann and Lohmann {ibid. 389) that 
muscle tissue in the presence of glycogen and of 
fluoride gives rise to other phosphoric acid esters 
besides the true Harden-Yoimg hexosediphos- 
phate to which reference has already been made. 
A fraction of the esters has the same elementaiy 
composition as hexosediphosphate but it is more 
resistant to acid hydrolysis. These resistant 
“ unhydrolysable ” esters are also formed when 
the monophosphoric acid esters of hexose 
described by Bobison, Neuberg and Embden 
are added to muscle extracts containing fluoride 
and phosphate ions. 

Embden, Deuticke and Exaft (Khn. Woch. 
1933, 12, 313) showed that a constituent of the 
“ unhydrolysable ” ester was phosphoglyceric 
acid (glyceric acid-monophosphoric acid) which 
had already been isolated in 1930 by Nilsson in 
his studies of yeast fermentation of carbohydrate. 
Another constituent of the “ unhydrolysable ” 
ester proved to be l-a-gJycerophospboric acid 
and the acid-resistant ester was found to consist 
of equimolecular proportions of phosphogtyceric 
acid and glycerophosphoric acid, i.e. 

H02C-CH(0H)CH2-0P0(0H)2 

and 

HO-CHyCH (0H)CH2-0P0 (0H)2 

Embden and his colleagues fmmd that phos- 
phoglyceric acid is transformed into pyruvic 
acid in presence of minced muscle. They showed, 
moreover, that although the addition of pyruvic 
acid alone, phosphoglyceric alone, or of a- 
glycerophosphoric acid alone to muscle extract 
free from carbohydrate led to no formation of 
lactic acid, the addition of a mixture of phos- 
phoglyceric acid and of a-glycerophosphoric acid 
resulted in the production of lactic acid. Eurther, 
the addition of a mixture of pyruvic acid and 
a-glycerophosphoric acid to muscle tissue led to 
lactic acid formation according to the following 
equation : 

CHyCO-COOH-f 

H0-CH2-CH(0H)CH2-0P0(0H)2-fH20 
=2CH3*CH (OH)COOH4- H 3 PO 4 

The addition of glyceraldehydephosphoric 
acid (synthesised by Fischer and Baer (Ber. 
1932, 65 [Bj, 337)) to muscle tissue leads to the 
formation of lactic acid (Embden) ; and Meyerhof 
and Kiessling (Biochem. Z. 1933, 264, 40) 
showed that in muscle extracts one half of 
the glyceraldehydephosphoric acid (one optical 
component) is changed into a mixture of phos- 
phoglyceric acid and glycerophosphoric acid. 
Oiese facts led Embden to the following scheme 


for the course of lactic acid formation in a 
muscle extract : 

Hexosediphosphoric acid 

2 Triosephosphoric acid 

2 Triosephosphoric acid 

Phosphoglyceric acid-f a-Glycerophosphoric acid. 

Phosphoglyceric acid -j- 

Pyruvic acid-}- Phosphoric acid. 
a-Glycerophosphoric acid-f Pyruvic acid -> 

Triosephosphoric acid-f Lactic acid. 

Meyerhof and McEachem (Biochem. Z. 1933, 
260, 417) found that in a’muscle extract pyruric 
acid was formed from hexosediphosphate or 
glycogen. On addition of sulphite the yield of 
pyruvic acid was increased and that of lactic acid 
decreased. They concluded that pyruvic acid 
is a normal intermediate in the formation of 
lactic acid, as required by Embden’s scheme. 
It was recognised independently by Embden 
and by Meyerhof that the formation of pymric 
acid in muscle must be accompanied by a simul- 
taneous reductive process; this was the for- 
mation of a-glycerophosphoric acid. 

The details of Embden’s scheme have been 
confirmed in Meyerhof’s laboratory, where 
independent work on the same lines was in pro- 
gress. Meyerhof has ' developed the scheme to 
apply to the formation of alcohol from glucose 
by yeast. 

Meyerhof considered at first that the triose- 
phosphate, produced as the im'tial stage in the 
breakdown of hexosediphosphate, was glycer- 
aldehydephosphoric acid. He and Lohmann 
(Naturwiss. 1934, 22, 134) found that the triose- 
ester formed by the action of dialysed muscle 
on hexosediphosphate was composed largely of 
dihydroxyacetonephosphate, and it was shown 
(Biochem. Z. 1934, 271, 89; 273, 413) that in 
dialysed muscle extracts an equih’brium mixture 
of hexosediphosphate and dihydroxyacetone- 
phosphate is rapidly formed from each other. 
This reaction is controlled by an enzyme zymo- 
Tiexase which is not inhibited by fluoride or 
iodoacetate. The equilibrium obeys the equation 

[Dihydroxyacetonephosphate]^_^ 

[Hexosediphosphate] 

the breakdown of hexosediphosphate being an 
endothermic reaction. Dihydroxyacetonephoa- 
phate has been synthesised by ffiessling (Ber, 
1934, 67 [B], 869). It is decomposed quickly by 
K-NaOH at room temperature yielding lactic 
and phosphoric acids. With k-HCI at IW 
methylglyoxal and phosphoric acid are formed. 
Meyerhof and Edessling (Biochem. Z. 1935, 279, 
40) have shoivn that in dialysed muscle phos- 
phoglyceraldehyde is transformed into diby^e* 
oxyacetonephosphate ; possibly an equilibrium 
is established between the two trioses. 

According to Meyerhof, Lohmann and Schuster 
{ibid. 1936, 286, 301, 319) there exists in dialysed 
muscle extracts an enzyme {aldolase) bringing 
about aldol condensation of dihydroxyacetone- 
phosphate with various aldehydes. They sug- 
gest that the following equilibrium occurs : 

Hexosediphosphate^ 

Dihydroxyacetonephosphate-h 

Glyceraldehydephosphate. 
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The gl 3 'ceraldch 3 ’dep}iosphato changes subse- 
quently into dih 3 ’-dro.':yacetonophosplmto. 

Two further phosphoric esters, formed ns 
intermediate substances, have been isolated, 
\iz. phospho{cnol)p 3 'ruvic acid b 3 ’’ Lohmann and 
Jre 3 *erhof (ibid. 1934, 273, GO) and 2-phospho- 
glyccrio acid by j\Ieycrhof and ICicssling (ibid. 
1935, 276, 239). In a dinl 3 ”Eed extract of muscle 
3-phosphogl3’^ceric acid is converted into 2- 
phosphogl 3 'ceric acid throtigh the agency of an 
enzyme named ‘pbospboglyccromulasc, whilst 2- 
phosphogl 3 ’ccric acid is converted b 3 ’' an cnz 3 nnc 
(enolase) into phospho(enol)p 3 'ruvic acid. All 
these esters form equilibrium mixtures (ibid. 
280, 99, 100). (For the S 3 mtheses of these esters, 
see luessling, Ber. 1935, 68 [B], 243, 597.) 
Sodium fluoride inhibits the breakdown of 2- 
phosphoglycerio acid. 

The decomposition of phosphop 3 ’^ruvic acid 
into p 5 ’ruvic acid, which is the immediate pre- 
cursor of lactic acid, requires the co-operation of 
a catalyst, viz. aden 3 'Ip 3 rrophosphatc. The parti- 
cipation of this molecule in phosphor 3 dations of 
carbohydrate and its brcakdo^vn products will 
now' bo considered. 

Catalytic iNFLCEKon or the AnENirLic 
Acid System in Glycolysis. — Meyerhof and 
Lohmann (Naturw'iss. 1931, 19, 575) were the 
first to suggest that the role of ndcn 3 'lpyrophos- 
phato as a coenzyme in muscle gl3'col3'si3 con- 
sists in the phosphorylation of carboh 3 ’dratc, the 
pyrophosphate breaking dowm and being re- 
83Tithesised at a later period. 

Embden and Pamas demonstrated that am- 
mom'a is formed during muscular contraction, 
the ammonia arising from tJie breakdown of 
adenylic acid by a deaminase yielding also in- 
osinic acid. Sluscle deaminase docs not attack 
adenylpyrophosphato, so that evidently the 
appearance of ammonia is an indication of the 
appearance of adenylic acid. In presence of a 
high phosphate concentration ammonia is not 
formed and this w'as ascribed to the conversion 
of adenylic acid into the pyrophosphate (Parnas. 
Ostem and Mann, Biochem. Z. 1934, 272, 64 ; 
1935, 275, 74, 164). It was found by Pamas 
and his colleagues that the breakdown of gly- 
cogen in the presence of phosphates was mainly 
responsible for the prevention of the appearance 
of ammonia and for preserving the integrity of 
the adenylp37Tophosphate. If glycogen break- 
down was inhibited by iodoacetate or fluoride, 
ammonia made its appearance. It was shown 
that the re-synthesis of adenylpyrophosphato 
Was accomplished by breakdown products of 
glycogen, viz. phoaphop 3 muvic and phospho- 
glyceric acids. (See also Needham and van 
tte:piingen, Biochem. J. 1935, 29, 2040.) 

bmee adenylpyrophosphato, in muscle pulp 
poisoned with iodoacetic acid, is not synthesised 
rom adenylic acid and free phosphate ions, and 
since^ pho8phop3nravic acid or phosphoglyceric 
acid 18 essential as a source of phosphate for the 
83^thesis, it follows that phosphate transfer 
^'cs place from these acids to adenylic acid, 
c phenomenon is similar to that already 
entioned, which occurs in a muscle extract, 
e ween adenylic acid and phosphooreatino. 
e enzymes responsible for the phosphate trans- 
rs irom phosphorylated molecules to adenylic 
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acid have been termed phosphorylases (Quastel, 
Ann. Kev. Biochem. 1936, 5, 45). 

Lohmann and Jlcyerhof demonstrated that 
breakdown of phosphopyruvic acid in a muscle 
extract only occurs in presence of the adenylic 
acid 83 'stem (Biochem.' Z. 1934, 273, 60). 

Phosphorylases appear to bo necessary for the 
phosphoi^dation of carbohydrate as the first 
stage in gl 3 'col 3 ' 8 is, but this is not yet certain. 
I’robably the following reactions take place : 

2 Hexose-{-AdcnyIpyrophosphate=2 Hexose- 
monophosphate-j-Adenylic acid. 

2 Ilexosemonophosphate 4- Adenylpyxophos- 
phato = 2 IIoxosediphosphate-}-Adenylic 
acid. 

Runnstrom and colleagues (ibid. 1934, 271, 15 ,* 
J. Gen. Ph 3 'siol. 1935, 18, 717) and Dische 
(Biochem. Z. 1934, 274, 51 ; 1935, 280, 248) have 
reported cx-poriments showing that esterification 
of inorganic phosphate in lysed red blood cells is 
coupled with the degradation of hexosophos- 
phato. Degradation of glucose or its phosphate 
is preceded b 3 ' phosphorylation, the phosphate 
being derived from adon 3 dpyrophosphate (Dische, 
ibid. 1935, 280, 248). Evidence e.xists that 
phosphoric acid can be transferred from hexose- 
phosphates to adenylic acid as well as in the 
reverse direction (Neuborg, ibid. 1935, 280, 163 ; 
Liitwak-Mann and Mann, ibid. 1935, 281, 140 ; 
Ohlmoycr, ibid. 1935, 283, 114). 

Parnas (Ergcb. Enzymforsch. 1937, 6, 57), 
however, considers that a phosphorylation of 
gl 3 mogcn to hoxosomonophosphate may occur 
in the absence of the aden 3 'lic acid system. 
Recent evidence indicates that from glycogen 
in a. muscle extract, glucose-l-phosphoric acid 
is first formed (Cori and Cori, Proc. Soc. Exp. 
Biol. Med. 1936, 34, 702; 1937, 36, 119). This 
is Icnown ns the Cori ester. This ester is 
rapidly converted into the 6-ester by an enzyme 
termed jdiosphoglucomulase (Cori, Colowick and 
Cori, J. Biol. Chem. 1938, 124, 543). Cori and 
his colleagues state that the synthesis of the 
Cori ester from gl 3 mogen in muscle extracts is 
greatly accelerated by adenylic acid (Cori, Colo- 
wdek and Cori, ibid. 1938, 123, 375, 381). 
Kendal and Stickland (Biochem. J. 1938, 32, 
672) find that adenylic acid is essential for the 
conversion of glycogen into the Cori ester, the 
reaction being strongly stimulated by mag- 
nesium ions. 

The conversion of the Cori ester into the 6- 
ester is also stimulated by magnesium ions. 
This transformation is followed by the phos- 
phorylation of the 6-ester, via the adenylic acid 
system, into hexosediphosphate (Harden- Young 
ester). 

The enzyme, hexohinase, discovered by Meyer- 
,hof in 1927, catalyses, in the presence of Mg ions, 
the transfer of phosphate from adenylpyro- 
phosphato to glucose or fructose. The reactions 
involved are : 

Adenylpyrophosphato 4- Hexose -> Adenosine- 

, diphosphate-fHexose-6-phosphate. 

Adenosinediphosphato 4- Hexose -> Adenylic 

acid -f Hexose-6-phosphate. 

The second reaction requires in addition to 
hexokinase a protein catalyst present in muscle , 
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biifc not in liver or kidney extracts (see Kaickar, 
Chem. Rev. 1941,28,71)“ 

The follomng equations express the series of 
reactions in glvcoiysis and indicate the im- 
portant position taken by adenylpyrophosphate : 

Glycogen -f nPhosphate TiHexose-l -phos- 
phate. 

Hexose-1 -phosphate ^ Hexose-6-phosphate. 

2 Hexose-G-phosphate-f Adenylpjrrophosphate 
-> 2 Hexosediphosphate-p Adenylic acid. 

Hexosediphosphate 2 Triosephosphate. 

2 Triosephosphate -> Phosphoglyceric acid -f 
a-Glycerophosphoric acid. 

Phosphoglj'ceric acid -> Phosphopyruvic acid. 

2 PhosphopjTUvic acid -f Adenylic acid -> 
Aden3dpyrophosphate-h2 Pyruvic acid. 

Triosephosphate -f Pyru\dc acid ^ Phospho- 
ffljcerate-J-Lactic acid. 

(see also Vol. V, p. 31). 

It has latety been sho'rni by Warburg and 
Christian (Biochem. Z. 1939, 303, 40) that a 
separation of enzymes involved in glycolj'tic 
changes is possible and this has resulted in the 
demonstration, and isolation, by Negelein and 
Brdmel, of another important intermediate, viz. 
1 rO-diphospliogljmeric acid. The sequence of 
enzjmie-catalj’sed reactions are apparently as 
follows : 

Triosephosphate + phosphate ^ l:3-Diphos- 
photriose. 

1 :3-Diphosphotriose -f “ pyridine nucleotide” 
^ l-3-I)iphosphoglj'ceric acid -f reduced 
“ pj’ridine nucleotide”. 

l-3-Diphosphogl3’ceric acid -f Adenosinedi- 
phosphate O-Phosphoglj’^ceric acid -}- 
AdenjdpjTophosphate. 


The reaction between adenjdpjTophosphato 
and creatine is important, so far as gtycotysi^ is 
concerned, in providing a store of phosphate 
donator in the form of phosphocrcatine. It pro- 
ceeds in two stages : 

Aden3'lpyropho3phate-}- Creatine = Adenosine- 
diphosphate -fCreatinephosphate. 

Adenosinedix)hosphate -f Creatine = Aden3rh'c 
acid-fCreatinephosphate. 


(Lehmann, ibid. 193G, 286, 33G). 

According to Me 3 ’erhof, Ohlme 3 ’er and Slohle 
(ibid. 1938, 297, 90, 113) phosphor 3 ’lation of 
nden 3 'lic acid ma 3 " be coupled with oxidative 
changes and Needham (Enz 3 ’mologia, 1938, 5, 
158) has arrived at a similar conclusion (c/. 
Parnas, ibid. 193S, 5, 160 for a recent review of 
the .‘subject of phosphor 3 'lation). 


N;CNH 

i 1 

HC 6N\ 


11 II ;>CH| o ^1 


PO-OH 


O 

CH-[CH-OH],-CH-CHvO-PO-OH 


V .-CONH. 


H!. 


Pari Played by Cozymase in Glycolyd?.— 
Cozymase plays an important part in lunsclo 
gl 3 'col 3 ''sis since it is a necessary- carrier in (he 
reduction of pyru\-ic acid to lactic acid. This 
molecule is an adenine-nicotinamidedinucleotidc 
III (v. Vol. V, p. 15). It acts as a h3-dro£:on 
carrier, the nicotinic acid amide moiet}- of tiie 
molecule undergoing reduction and oxidation 
imder appropriate conditions. Cozymase is 
necessary for the activity of lactic acid deln-dro- 
genase and it is this enz 3 -me which activates 
pyruvic acid as a hydrogen acceptor. Lactic 
acid is formed according to the equation : 

Pyruvic acid -f Reduced cozymase = Lactic 
acid-f Cozymase. 

Cozymase is reduced by triosephosphate or by 
a-^lycerophosphoric acid in presence of their 
respective dehydrogenases, thus : 

Triosephosphate -f Coz 3 ’mase = Phospliogh-- 
ceric acid-{-Reduced cozymase. 

a-Glycerophosphoric acid + Cozymase - 
Triosephosphate-f Reduced cozymase. 

Thus the presence of appropriate dehydrogenases 
in muscle extracts together with that of coz 3 '- 
mase enables the necessary h 3 'drogen transfer to 
take place between triosephosphate and pyruvic 
acid with lactic acid production. The c.xfstcnce 
of these dehydrogenases in muscle e.xtract ha 
been established by Adler, Euler and Hughes 
(Z. physiol. Chem. 1938, 252, 1) and Quastc! 
and Wheatley (Biochem. J. 1938, 32, 930). It 
was already known from the work of Euler ami 
his colleagues (Z. physiol. Chem. 1937, 245, 217) 
that cozymase is required for the interaction of 
triosephosphate and pyruvic acid in a ti«''uc 
e.xtract. 

According to l\Ie 3 ^erhof, Schulz and Schu'ter 
(Biochem. Z. 1937, 293, 309) the reaction be- 
tween triosephosphate and coz 3 mase only tabes 
place if at the same time there is a transfer of 
phosphate through adeny-lpyrophosphatc to a 
suitable phosphate acceptor. (Sec also Needham 
and Pillai, Biochem. J. 1937, 31, 1837.) 'ihe 
question of coupling between oxido-rcduction’ 
and phosphor 3 ’lation processes, particularlx' that 
of adenylic acid, is at present under invent!- 
gation. _ 

How far cozymase is involved in any ol ua 
other steps of the glycoly-tic process is not kno« n 
with certainty. ( 5 /. Runnstrom and Micliacu-, 
J. Gen. Physiol. 1935, 18, 717.) 

Glvoxat.ase. — ^D akin and Dtidlev (J- Ihm- 
Chem. 1913, 14. 155, 423 ; 15, 127) and Neul'^r ' 
(Biochem. Z. 1913, 49, 502 ; 51, 484) dhcoverf4 
that raethylglyoxal is transformed in ti-'-n'^ 
into lactic acid, the enzyme re>-ponsible L'in:: 
termed by- Dakin glyoxalasr. 9'he rapidity <'■ 
this transformation gave ri'=e to th<- view that 
methylgh'oxal might occupy an important 
po'-ition in glycoly«i=, particularly when com 
sidered in relation to Nenb<-rg'.s coi!cej)t!on' 
the cour'-e of alcoholic fermentation fc/. N'^-uh'-r^r 
and Oppenheimer, ibid. 1025, 166, 450 ; Ncilyrg 
and Gorr, ibid. 482). Hcthylglyoia! xu'-- b'ct 
to ari-e by io-i of water from elyc<‘r.sld''hyd''» t-*"* 
latter raob-ciile Isciiig formed by fi‘''!on o, to* 
bexo-e niolecule, XeulxTg ami i!)-‘ 
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(1929) isolated inctliylglyoxal ns the 2;4-dinitro- 
phcnyllij'drazono in nltnosfc thcorcticnl yield from 
specially prepared yeast extracts incubated with 
hexosediphosphato ; the j'ield was 20-;i0% of 
theory Avith mnnimalian tissues. Case and Cook 
(Biochem. J, 1931, 25. 1319) Avero able to detect 
botli metIiylgl 3 'oxnl and pj’ruvic acid among the 
products of metabolism. It is, howcA'cr, un- 
certain Avhethcr the mcthjdgbyoxal is a normal 
product in the course of broakdoAvn of carbo- 
hydrate. 

The transformation of mcthylglyoxnl into 
lactic acid bj' gl^'bxnlnsc requires the partici- 
pation of a co-cnzj-mc, Avhich Lohmnnn found 
to be glutathione (Biochem. Z. 1932, 254, 332). 
JoAvett and Qunstcl (Biochem. J. 1933, 27, 480) 
showed that methj’lglj'oxnl combines with 
glutathione and that it is this compound Avhich 
breaks down in presence of gl^'oxalaso to form 
lactic acid and glutathione : 

CHa-COCHO+G-SH^ 

CH3C0CH(0H)SG — 

CH3-CH(OH)-COOH-f-G-SH 

The formulation of the Embden-JIcycrhof 
scheme of gl 3 ’co) 3 ’si 8 includes no participation of 
meth 3 'lgl 3 'oxal. Support for the conclusion that 
mothylgl 3 ’oxal is not a nccossnr 3 ' intermediate in 
the formation of lactic acid from gl 3 ’cogon comes 
from Lohraann’s observation (Biochem, Z. 1933, 
262, 162) that a muscle extract free from gluta- 
thione converts glycogen into lactic acid. More- 
over, the addition of glutathione brings about no 
additional glycol 3 'sis. 

This fact, hoAvcver, does not nccc 8 saril 3 ' mean 
that a second route of lactic acid formation from 
carbohydrate does not take place in the living 
cell. Support for this dual route of gl 3 ’Col 3 'sis 
via ^ methylglyoxal has been found. Investi- 
gating lactic acid fermentation by 3 'ca 8 t, 
Auhagen and AAihagon {ibid. 1934, 268, 247) find 
that methylglyoxal is formed and that it is a 
primary product of reaction and not an artefact. 
Kobel and Collatz(f6id. 1934,268,202) conclude 
Biat methylglyoxal is formed from sugars. 
Tissue treated so as to inhibit glyoxalaso activity 
P^o^uces mcthyglyoxal from hexosediphosphate 
(Neuberg and Simon, Ergen. Enzyinforsch. 1933, 
2, 118) and from glycoraldehydcphosphato (Bar- 
renscheen and Beneschovsky, Biochem. Z. 1933, 
fno’ Quastel (Biochem. J. 

1934, 28, 1G2) show that glyoxalaso activity of 
intact tissues in presence of low concentrations of 
methylglyoxal is sufficiently rapid to account for 
the rate of tissue glycolysis. 

It is reasonable to assume that a separate 
mechanism of glycolysis in addition to that cm- 
raced by the Embden-Moyerhof scheme may 

1 intact cell (see also Ashford, ibid. 

1933, 27, 903). 

n IN Brain. — Warburg, Posener 

sh (Biochem. Z. 1924, 152, 309) 

owed that brain tissue in presence of glucose 
P oduces lactic acid Avith great rapidity in 

192°' op Gcsell (Amer. J. Physiol. 

. ^ 75, 70) have carried out experiments 
nln lactic acid formation in brain takes 

r ™™Gdiately after removal of the 
from the body. The lactic acid was 


formed at the rate of 20 mg. per 100 g. tissue 
per minute. Carbon monoxide anoxiemia results 
in an increase in the amount of lactic acid fouiul 
in brain after death. Avery’, Kerr and Ghantus 
(J. Biol. Chem. 1935, 110, 037) find that if 
brain, taken immediately after death of the 
animal, is frozen in liquid air, the lactic acid 
content of the brain is initially snuillor than AA'as 
originally^ supposed. An average value of lactic 
acid Ava.s found to 16’3 mg, per 10(» g. cat’s brain 
and 22*3 mg. per 100 g. dog’s brain. No signifi- 
cant diiTcrcnco between tlio lactic acid contents 
of cerebrum and corebollum Avas observed. 

Both gly’cogcn and glucose are knoAvn to be 
precursors of brain lactic acid. Kerr {ibid. 1938, 
123, 443) has isolated 30 mg. glymogen from 1 00 g. 
brain tissue, the carbohydrate b^cing identical 
Avith liA'cr glycogen. Glucose, however, appears 
to bo the main precursor of brain lactic acid. 
Holmes and Shcrif (Biochem. J. 1932, 26, 381) 
found that the amount of lactic acid formed on 
anaerobic incubation of brain depends on tlio 
level of blood sugar at the time of death. During 
insulin hypoglymicmia cerebral lactic acid may 
amount to only' small (c.g. less than half the 
normal) values. Hy'pcrgly'cannia increases brain 
lactic acid formation. The amount of lactic acid 
formed is equivalent to the fall in carbohydrate 
in the brain. 

Whereas brain tissue anaerobically in vitro 
(either in the form of thin slices or in a minced 
condition) breaks down glucose rapidly to lactic 
acid, it has practically no glycolytic eiTect on 
added glycogen. In muscle, on the other hand, 
the reverse is the case, gly'cogcn breakdown 
being far more rapid than glucose breakdoum to 
lactic acid (Geiger, ibid. 1936, 29, 811 ; Gaddio 
and StcAvart, ibid. 1935, 29, 2101). Probably 
glyoxalaso activity is very much greater in brain 
than in muscle. Glutathione, the co-enzyme of 
gly'oxalase, lias little or no effect on glycogen 
breakdoAvn in brain or muscle but increases 
lactic acid production from glucose in brain 
(Geiger, l.c. ; see, hoAvever, Baker, Biochem, J. 
19.37, 31, 980). 

Asliford and Holmes (ibid. 1929, 23, 748 ; 1930, 
24, 1119) consider tliat brain may jiroduce 
lactic acid in two Avays; one, involving glycogen, 
proceeds through a stage of phosphorylation and 
another, involving glucose, does not include a 
phospliorylation stage. The former is quantita- 
tively the less important. 

The question, hoAvover, as to Avhethor glucose 
undergoes preliminary phosphorylation in intact 
brain before further metabolism occurs is still 
unsettled. Adler and his colleagues (NaturAviss. 
1937, 24, 282) have shown that a cell-free 
product prepared by acetone precipitation of a 
brain extract is capable of causing glycolysis of 
glucose so long as adenylic acid, cozymaso and a 
trace" of hexosediphosphato are present. This 
Avould indicate that phosphorylation pf glucose 
is necessary prior to glycolysis in a brain extract. 
Geiger (Nature, 1938, 141, 373) states that 
cytolysis of brain releases an inhibitor of 
glycolysis. By the addition to a brain extract 
of a factor in muscle extract and of glutathione, 
creatine phosphate and cozymaso a glycolytic 
broakdoAvn of glucose is obtained the activity 
of Avhich may bo tAvicc that of intact brain. 
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Sucli a system also breaks down glycogen, at a 
smaller rate than glucose, to lactic acid. Phos- 
phate is esterified in brain during glycolysis 
\see also Geiger, Biochem. J. 1940, 34, 465). 
According to Con, Colowick and Cori (J. Biol. 
Chem. 1938, 123, 375) glucose-1 -phosphate is 
formed from glycogen and inorganic phosphate 
in dialysed extracts of rabbit brain. The amount 
is increased by the addition of adenylic acid. 
The conversion of glucose-1 -phosphate into 
glucose-6-phosphate takes place more slowly 
than in muscle. 

Macfarlane and WeE-Malherbe (Biochem. J. 
.1941, 35, 1) conclude that brain glycolysis is 
maintained by a cycle of phosphorus trans- 
ferences involving OT-0-2 mg. P per g. dry 
brain tissue. They find that during anaerobic 
glycolysis by rabbit-brain slices the inorganic 
phosphate is maintained at its initial level whilst 
the content of pyrophosphate falls to about one- 
third of the original. Anaerobic incubation with- 
out glucose leads to a rapid disappearance of 
pyrophosphate with a simultaneous loss of 
glycolytic power. Hexosediphosphate is present 
in small quantities in glycolysing brain. 

Akaeeobic Glycolysis of ’fissuES in Vitro. 
— ^Warburg and his colleagues have measured 
the rates of lactic acid formation of thin sections 
of animal tissues examined in a glucose-Ringer 
medium under anaerobic conditions. Typical 
results are recorded in Table I (Biochem. Z. 
1927, 184, 484). 


Table I. 


Kidney (rat) . 

Liver .... 

Intestinal mucose (rat) 

Spleen (rat) . 

Testis (rat) . 

Pancreas (rabbit) . 

Thymus (rat) 

Brain cortex (rat) . 

Embryo (rat) ' . 

Placenta (rat) . 

Papilloma of bladder (man) 
Carcinoma of bladder (man) 
Rat sarcoma (Flexner-Jobling) 
Rat sarcoma (Jensen) 

Eowl sarcoma (Rous) 

Retina .... 


qN2* 

3 

3 

4 
8 
8 
3 
8 

19 

23 

15 

26 

36 

31 

34 

30 

88 




* Qjj2=]actic acid (cu. mm.) formed in Nj per mg 

dry weight of tissue per hour. 22,400 cu. mm. lactic 
acid =90 mg. lactic acid. 

It will be observed that very high rates of 
glycolysis are secured by brain cortex, retina, 
embryo and tumours. 

The glycolytic activity of tumours is obifiously 
of great significance ; it is 120 times greater than 
that of blood. 

Kormal adult tissues usually show high rates 
of oxygen consumption (respiration) and little 
glycolysis. Embryonic tissues show both high 
respiration and high anaerobic glycolysis. 
Neoplastic tissues have high rates of anaerobic 
gljmolysis and small respiratory rates. Retina, 
and to a less extent brain cortex, are exceptional 


in showing high rates of anaerobic glycolysis and 
relatively high rates of respiration. 

It is a commonly accepted conclusion that 
glycolysis provides the cell with an alternative 
supply of energy to that provided by respiration. 
Presumably the tumour cell equipped with a 
highly active glycolytic system is not so depen- 
dent on a supply of oxygen for its normal 
existence as an adult tissue cell, and this also 
applies to newly developing tissues such as the 
embryo. 

The question as to whether glycolysis in 
embryo and tumour is of the phosphorylating 
or non-phosphorylafing type is still unsettled. 

Needham, and' Lehmann (Biochem. J. 1937, 
31, 1210) come to the conclusion that in the 
chick embryo there are two separate routes of 
carbohydrate breakdown, (1) a non-phosphoiy- 
lating glycolysis depending greatly on the 
integrity of the cell structure, (2) a phosphory- 
lating glycolysis similar to that of muscle but 
of much lower activity. Dialysis of minced 
embryo leads to inactivation, of glycolysis which 
is partially restored by the addition of gluta- 
thione. They conclude also that methylglyoxal 
is not an intermediate in embryo glycolysis. 

Aeeobio Glycolysis abb the Pastettb 
Effect. — ^Pasteur recognised, that, in the 
absence of oxygen, yeast cells will ferment carbo- 
hydrate, but that admission of oxygen retards 
the rate of fermentation. Glycolysis in intact 
tissue cells (not in extracts) is similarly inhibited 
by the presence of oxygen and the phenomenon 
has been termed the “ Pasteur Effect ” by War- 
burg. (For a discussion of the Pasteur Effect, 
see Dixon, ihiH. 1935, 29, 973; 1936, 30, 1479.) 

Results (by Warburg) showing the relatWe 

rates of glycolysis of tissues in nitrogen (Qy^) 
and in oxygen (Q^^) are shown in Table H- 
The respiratory rates (Qo 2 =eu.mm. Og absorbed 
per mg. dry weight of tissue 'per minute) are also 
given. 

Table II. 


Tissue 

Cpi 

M 

Liver (rat) .... 

0-6 

Kidney (rat) .... 

0 

Testis (rat) .... 

7-2 

Brain cortex (rat) 

2-5 

Retina (rat) .... 

45-0 

Embryo (chicken) 

1-1 

Carcinoma (Flexner) . 

25-0 

Sarcoma (man) . 

15-6 


0^2 

M 


3-3 

3-2 

8-5 

19- 1 
88-0 

20 - 6 
31-0 
29-9 



A noteworthy feature is the high aerobic g f 
colysis of tumour cells indicating the possibi^ 
that such cells may gain their energy for gro Y- 
mainly from glycolysis even under aerobu 
conditions. 

According to Crabtree {ihii. 1928, 22, l^oJ) 
high aerobic glycolysis may take place^ un c 
pathological conditions in tissues. WarburS 
agrees (Biochem. Z. 1929, 204, 482) that it i- 
not specific for tumours. i 

There is no doubt, however, that, as a gene 
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rule, respiration in a cell greatly represses its 
glycolysis. Q’ho nicehanism by -whicli t.liig 
phenomenon takes place is not 3mt clear. 

The view has been advanced that o.xygcn re- 
places pj'nunc acid ns a Ii3'drogcn nccejitor in 
the Enibden-Mc3-er]iof sequence of reactions 
leading to gl3'col3’Sis. TIuls lact ic acid formation 
would be inhibited or eliminated, water being 
formed instead. Szcnt-G3mrgyi (" Perspectives 
in Biochemistr3-,” Cambridge, 1937, p. 172) 
hazards the view that in aerobic gl3'col3’si3, 
oxalucetic acid replaces p3*ruvic acid ns a h3’dro- 
gen acceptor in the Embdcn-Me3'crhof scheme. 
Reduction of oxnlacctic acid leads cvcntuall3'- to 
succinic acid which is oxidised by ox3’gcn in the 
respiratory system of the cell back to oxnlacctic 
acid. This hyjiothesis has ns 5'ct no experi- 
mental support. 

The addition of a varict3' of substances to in- 
tact tissues may grcatl3’- increase the rate of 
aerobic glycolysis, up to that of anaerobic gh'- 
col3’’Ris, without appreciably nfi'ccting the respira- 
tory rate. This phenomenon, laiown ns the 
inhibition of the Pasteur effect, was first 
described in relation to fermentation. Warburg 
(Biochem. Z. 192G, 172, 132) showed that enr- 
bylnmine intensifies aerobic fermentation with- 
out an3f marked action on the respiration. 
Quastel and Wiieatlc3’ (Biochem. J. 1932, 26, 
2169) showed that glutatluonc has a precisely 
similar action. Woil-Malhcrbo {ibid. 1038, 32, 
2267) finds that glutathione ns well as glutamate 
increases aerobic glycolysis of brain. It is 
claimed that certain 63^3111113 inhibit the Pasteur 
reaction (Elliott and Baker, ibid. 1936, 29, 2390 ; 
Dickens, ibid. 1936, 30, 601, 1064, 1233), and 
phenosafranino in particular has a powerful 
effect. Dickens {ibid. 1939, 33, 2017) has 
recently shown that guanidine (iM/lOOO) com- 
pletely and rfevcrsibly inliibits the Pasteur effect 
in brain cortex slices. Certain substituted 
guanidines and ainidines are even more powerful 
in their inhibitory influence on the Pasteur 
reaction, viz. l:ll-undecancdiamidino and deca- 
methylenediguanidine (“ Syntlialin ”) which 
are fully active at M/1,000,000. Excess of 
potassium ions (Ashford and Dixon, ibid. 1935, 
29, 157), lack of both potassium and calcium 
ions (Dickens and Greville, ibid. 1936, 29 1468) 
or the presence of ammonium ions (WeU- 
Malherbe, ibid. 1938, 32, 2267) aU effect the 
Pasteur reaction — conceivably through per- 
meability changes in the cell membrane (Dixon 
and Holmes, Nature, 1935, 135, 996). 

Increase of temperature from 37° to 45° brings 
about a breakdown of the Pasteur effect and 
aerobic glycolysis increases to a high rate in spite 
01 an increased respiratory rate (Dixon, Biochem. 
J- 1936; 30, 1483). 

Activators and Inhibitors of Glycolysis. 

, Acid. — ^Mendel, Bauch and Strelitz 

(Him. Woch. 1931, 10, 118) foxmd that traces of 
pyruvic acidgreatly increase anaerobic glycolysis, 
m tissues where glucose, and not glycogen, 
oreakdorvn is responsible for lactic acid for- 
mation. Pyruvic acid appears to maintain gly- 
cotysis (of glucose) at a maximum level. 

Potassium and Calcium Ions. — ^Ashford and 
■Uixon (Biochem. J. 1935, 29, 157) found that the 
VoL. VI.— 6 


presence of !M/10 KCI greatly increases aerobic 
gl3'coly6is of brain but decreases anaerobic gly- 
colysis. Dickens and Gre\dllo {ibid, 1936, 29, 
1468) reached a similar conclusion and showed 
the antagonistic cflects of potassium and cal- 
cium ions on respiration. Quastel and Wheatley 
(J. Biol. Chem. 1937, 119, SOP) found that cal- 
cium ions at low concentrations markedly 
increase anaerobic glycolysis and that strontium 
and magnesium have similar but smaller effects. 

DrcKrs'ATioN of Oxygen and of Glucose. — 
Deprivation of brain tissue of both oxygen and 
of glucose for short periods {c.g. 5 minutes) ver3’’ 
grcatlj' decreases the rate of anaerobic glycol3'sis 
when glucose is subsequently added to the 
tissue (Dickens and Greville, Biochem. J. 1933, 
27, 1138). It had been concluded that an- 
aorobiosis in the absence of glucose brings about 
irreparable damage to the brain. It was shown 
later, liowcvor (Quastel and Wheatley, l.c.), that 
if brain tissue which has been kept anaerobically 
in the absence of glucose is subsequently ex- 
posed to oxygen its power of bringing about 
anaerobic glycolj'sis is regained. 

This fact, coupled with the facts that pyro- 
phosphate breaks down rapidly in brain in 
absence of glucose and that aerobic resynthesis 
of adenylpyrophosphato takes place in brain 
(Engel and Gerard, J. Biol. Chem. 1936, 112, 
379) lend support to the view that anaerobic 
glycolysis in brain takes place through the 
intermediate formation of iihosphoric esters. 

Iodoaoetio Acid. — lodoacctic acid at low 
concentrations suppresses glycolysis whether 
glucose or gl3mogen bo the carbohydrate which 
is broken down. In muscle extracts iodoacetio 
acid inhibits the interaction of triosephosphato 
and pyruvic acid. Triosephosphato dehydro- 
genase is highly sensitive to iodoacetic acid 
(Rapldne, Biochem. J. 1938, 32, 1729). Possibly 
the sensitivity of this enzyme to iodoacetic acid 
explains the latter’s powerful inhibiting effects 
on glycolysis in muscle extracts. 

Iodoacetic acid reacts rapidly with glutathione, 
a thiocther being formed (Quastel and Wheatley, 
ibid. 1932, 26, 2169; Dickens, ibid. 1933, 27, 
1141), and the problem has arisen as to whether 
this reaction accounts partly, or wholly, for 
the cessatioh of glycolysis in presence of iodo- 
acetic acid. The reaction would obviously ex- 
plain the highly inlnbitory effect of iodoacetic 
acid on glyoxalase activity (Dudley). With our 
present limited linowledge of the influence of ' 
thiol compounds in glycolysis it is difficult to 
assess the importance of the reaction between 
iodoacetic acid and glutathione on the inhibition 
of glycolysis. 

Sodium Fluoride. — ^This substance at low • 
concentration (M/200) suppresses glycolysis 
whether from glucose or from glycogen. Its in- 
hibitory effect is presumably linked with the fact 
that it prevents .the breakdown of phospho- 
glyceric acid into phosphopyruvic acid (Loh- 
mann and Meyerhof, Biochem. Z. 1934, 273, 60), 
Dickens and Simer (Biochem. J. 1929, 23, 936) 
have shown that fluoride sensitivity of glycolysis 
varies in different organs. 

Phlobidzin. — This substance inhibits yeast 
fermentation (Dann and Quastel, ibid. 1928, 22, 
246) and glycolysis in muscle extracts. Lunds- 
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gaard (Biocliem. Z. 1931, 233, 322) showed that 
phloridzin (M/100) inhibits phosphorylation of 
glycogen. According to Kalckar (Nature, 1935, 
136, 872) phloridzin prevents the formation of 
phosphoglyceric acid from triosephosphate. 

■ Glyceealdehyde. — ^Slendel (Khn. Woch. 
1929, 8, 169) found that d?-glyceraldehyde in- 
hibits anserobic glycolysis of glucose by tumours 
and that this mhibition can be reversed by the 
addition of pyruvic acid. Ashford confirmed 
this phenomenon for brain glycolysis, but Holmes 
(Ann. Rev. Biochem. 1934, 3, 395) could find no 
inhibition of glycolysis of glycogen by glyceralde- 
hyde in muscle extracts. Needham and col- 
leagues (Biochem. J. 1937, 31, 1165, 1210) find 
an inhibition of embryonic glycolysis by glyeer- 
aldehyde and conclude that this aldehyde 
specifically inhibits non-phosphoiylating gly- 
colysis (see, however, Adler and colleagues, 
Naturwiss. 1937, 25, 282; Z. physiol. Chem. 
1937, 249, 40). 

Othee Inhibi'Coes. — ^The foUowiug sub- 
stances also inhibit glycolysis (of glucose) : 
hydroxymalonate (Jowett and Quastel, Bio- 
chem. J. 1937, 31, 275) ; glutamate and /3- 

■ hy droxyglutamate (Weil- Malherbe, ibid. 1938, 
32, 2257 ) ; maleic acid (Morgan and Friedmann, 
ibid. 1938, 32, 862). 

Glycolysis oe Vaeious Sugaes. — Mannose 
usually undergoes glycolysis under conditions 
where glucose is broken down to lactic acid. 
Fructose is broken down less rapidly than 
glucose by tumour slices and is also broken down 
by liver. It is, however, in common with 
galactose, but feebly attacked, with lactic acid 
liberation, by tumours, brain or chick embiyo. 

J. H. Q. 

^ " GLYCOSAL.” Trade name for a prepara- 
tion of glycerol and salicylic acid. 

GLYCOSIDES. Glycosides are formed by 
the condensation of one or more carbohydrate 
molecules with a non-carbohydrate, with elimi- 
nation of one or more molecules of water. The 
junction involves a hydroxyl group of the non- 
carbohydrate, and the reducing or glycosidic 
hydroxyl of the sugar. Thus the simplest gly- 
coside is formed from glucose and methyl alcohol 
by the catalytic action of hydrogen chloride: 



The term “ glycoside ” refers to aU compounds 
of this tj^pe, irrespective of the nature of the 
sugar (hexose, pentose, etc.) which is present. 


Strictly, 'the name “ glucoside ” is reserved for 
glycosides in which the sugar is glucose; the 
term is stiU, however, frequently applied to other 
glycosides. Galactosides, mannosides, etc., are 
glycosides in which the sugar is known to be 
galactose, mannose, etc. 

Methylglycosides have not yet been found 
in nature, but glycosides of a more complex type 
are very abundant, occurring especially in the 
fruit, bark and roots of plants. Glycosides are 
in general readily hydrolysed by dilute acid, 
giving the free sugar or sugars and the non- 
carbohydrate portion of the molecule, which is 
conveniently referred to as the “ aglycone.” 
Hydrolysis of glycosides may also be effected by 
enzymes, which are usually present in the same 
plant tissue as the glycoside. If the cell tissue 
is destroyed, the enzyme comes into contact with 
the glycoside, and under sm'table conditions 
{e.g. p^) hydrolysis will occur. 

Corresponding with the two isomeric forms of 
glucose (a-glucose, I), there are two series of 
glycosides, of which a- and j3-methyIglucosides 
(II and III) may be regarded as the prototype, 
The enzyme emifisin hydrolyses many glycosides 
containing the j8-linkage, but few, if any, with a- 
linkages ; conversely, the enzyme maltase 
hydrolyses the a-bond in maltose, but not the 
jS-linkage in the corresponding disaccharide 
cellobiose. Such reactions frequently afford 
evidence of the nature of the bond in glycosides. 
Other possibilities of isomerism exist in the 
sugar series, especially in the nature of the 
heterocyclic ring, which may, for instance, be 
pyranose (6-atom) or furanose (5-atom) (v, 
Caebohydeates). Investigation of the sugar 
portion of a glycoside requires evidence upon 
all such points. 

The Caebohydeates of Natueal 
Glycosides. 

Whilst glucose is by far the most common 
sugar found in natural glycosides, galactose also 
frequently occurs. The pentoses arabinose and 
xylose, and the methylpentose rhamnose [v. 
Vol. n, 287c), occur widely, whilst the sugars ol 
the cardiac glycosides have been shown recently 
to be of the 2:6-deoxyhexose type, digitoxose 
{v. Vol. II, 381c), and cymarose {v. Vol. HI, 5386), 
which have not yet been formd elsewhere m 
nature. The brached chain pentose, apiose (r. 
Vol. I, 450c) is one of the constituents of apun. 
It is interesting to note that 2-deoxy-d-ribose, 

CHO 

CHg 

h6oh 

h6oh 

CHg-OH 

occurs in nucleic acid. 

Urom'c acids, although common in " 

charides, rarely occur in glycosides. Euxantm 
acid, a glucuronide, is a product of aiuma 
metabolism and is not otherwise found i 
nature. Baicalein is a flavone glycoside con- 
taining glucuronic acid. 

Where 2 mol. of carbohydrate are found i 
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a gl5'coside, they may ho prc-sent as a disac-' typo arc given in the' table below, together 
chnrido (biosc). Common disaccharidcs of this with some glycosides in which they occur. 


Disaccharidc. 

Gontiobiose 

Vicianosc 

Primevcrose 

Rntinose 


SIruclurc. 

G-(^-d-glucosido)-d-glncoso 

6-(^-i-arabinosido)-fZ-ghicoso 

C-(jS-(Z-.xylosido)-d-glucoso 

G-(^-Z-rhamnosido)-rf-gIuooso 


Occurrence. 

Amygdalin, crocin. 

Vicianin, violutoside, goin. 

Monotropitin, primevorin, ijriraulavorin. 
Rutin, datiscin. 


It is interesting to note the prevalence of l-G-j3- 
linkages in these bioscs. Some trisaccharides 
are found in glycosides, but their constitution is, 
in most cases, not established, Robinosc, 
obtained from the gtycoside robinin, aiipears to 
be of the rhamnosc-galactoso-rhamnose typo. 
The ring structures of the s\igara in the natural 
glycosides are chiefly pyranoso, but the riboso 
and 2-deox3Tibosc in nucleosides have a 
furanose configuration (Leveno and Tipton, 
J. Biol. Chem. 1932, 94, 809). Furanose pentoses 
are now being found frequentlj' in nature in the 
plant gums. The majority of polysaccharides 
have linkages of the glycosidic tjpc and therefore 
are glycosides from that point of view. . 

. In general, one form (d- or 1-) of the possible 
optical isomers of a sugar predominates in 
nature. Thus d-glucoso, d-mannose and l- 
rhamnose are the only naturally occurring forms 
of these sugars which have been, so far, identified, 
but Z-arabinoso is the chief constituent of the 
plant gums whilst d-arabinosc occurs in the 
gl3^cosidcs barbaloin and Zsobarbaloin. 

Most natural glycosides arc of the 6-type, thej' 
are hydrolysed by the cnzj'me cmulsin and are 
therefore 1 as vo -rotatory (c/. ^-methylglucoside). 

The JIain Types of Glycosides found 
IN Natuee, 

The types of glj’cosidcs found in nature vary 
widely, but may be roughly grouped as follows, 
according to their non-carbohydrate constituents 
(aglycones) ; 

(а) Phenolic Glycosides. — The aglycones 
include, o-hydroxybcnzyl alcohol (in salicin), 
quinol (in arbutin), coniferyl alcohol (in coni- 
ferin). The sugar molecule is attached to the 
phenoh'c hydroxyl group, Nearlj’^ related are the 
hydroxyanthraquinone nucleus, which occurs in 
ruberythric acid, rubiadin and purpurin, etc., 
and the hydroxycoumarin nucleus, present in 
a3sculin, daphnin, etc. 

(б) y-Pyran Derivatives. — ^This group in- 
cludes many of the most important glycosides. 
The majority of red and blue plant- and berry- 
pigments, anthocyanins {q.v.) are derivatives of 
y-pyran, 

CH CH 

II • II 

CH CH 

y-Pyran. 

Closely related are the flavone, flavonol and 
xanthono pigments, which constitute a large 
proportion of the yellow dyes of flowers, roots 
and woods. Chrysin, quercitrin and euxanthone 


resi)cctivoly are tyqncal examples of those three 
classes, which may occur without any com- 
bined sugars. Quercitin-3-rhamnosido is the 
gl3'cosido quercitrin, 

(c) Steroid Glycosides. — ^Thc ngl3mones of 
the important digitalis glycosides and of some 
of the saponins are related to the sterols. The 
powerful physiological properties of these gly- 
cosides, and their structural similarity to the 
hormones, the bile acids and vitamin D, are of 
great interest {v. Caudiao Glycosides). 

Saponins have similar ph3'siological properties 
to the cardiac glycosides. They produce a 
.stable foam on agitating an aqueous solution 
even at groat dilution, have a bitter taste, irritate 
the mucous membrane and ha3mol3'So red blood 
corpuscles in very low concentration (1:1G8,000 
for digitonin). Administered intravenously they 
arc therefore very poisonous. 

(d) Purine and Pyrimidine Glycosides. — 
The nucleic acids, which in combination with 
protein material appear to constitute the main 
portion of the nuclei of plant and animal colls, 
yield on h3’drol3'sis nucleosides, which arc 
gtycosidcs formed by the combination of purine 
or pyrimidine bases with a sugar. The latter is 
frequently ZZ-riboso or 2-dcoxy-fZ-ribosc, with 
a furanose ring structure. Typical aglycones 
are adenine, guanine and cytosine. 

(c) Nitriles frequently occur combined with 
sugars, forming the cyanogenetic or cyanophoric 
glycosides (q.v.). The well-known glycoside 
amygdalin (q.v.) is of this typo. 

(/) Sulphur Compounds. — A number of 
plants yield glycosides which contain sulphur 
and which on hydrolysis give mustard oils of the 
allyl Zsothiocyanatc t3q3e, and a sugar. Sinigrin 
(p. 96o) and sinnlbin (p. 95d) arc typical examples 
of such glycosides, occurring in the seeds of the 
black and white mustard respectively. These 
glycosides are in general hydrolysed by a specific 
enzyme occurring in the same plant, e.g. 
myrosinasc. 

Certain important glycosides (e.g. riboflavin, 
vitamin Bg) and indican (3-^-gluco8ido-oxyin- 
dolo) are not readily classified, whilst others 
have so far been insufficiently investigated. 

Synthesis of Glycosides. 

(a) The . simple glycosides are most readily 
prepared by the direct interaction of the alcohol 
(CHg-OH, C2H5OH, etc.) with the sugar, in 
the presence of hydrogen chloride (c. 1%) as a 
catalyst (Fischer, Ber. 1893, 26, 2400). In this 
way a mixture of the a- and j9-forms of the 
glycoside is obtained, which may usually bo 
separated partially by fractidnal crystallisation. 

(b) A more selective method uses a sugar 
derivative of the acetobromoglucose type, 
wliich condenses with a hydroxyl group of 'the 
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aglycone, the HBr being removed by silver 
carbonate. 


-CHBr 


HC-OAc 

i 

O AcO-CH 

I 

HC-OAc 

1 

CH 


HO-R 

>■ 

(AgjCOg) 


-CH.OR 


HC-OAc 

1 

O AcO-CH 

i 

HC-OAc 

I 

CH 


CHa-OH 


CHyOH 


The acetyl groups are usually removed by 
alcoholic ammonia at 0°, giving the desired 
glycoside. It should be noted that a Walden 
inversion occurs in this reaction, and if a- 
acetobromoglucose is used, then the y9-glncoside 
is obtained, and vice versa. The normal method 
of preparation of acetobromo -sugars (by the 
action of hydrogen bromide in glacial acetic 
acid upon the penta-acetate of the sugar) yields 
the a-isomeride as the chief product, even if the 
)S-penta-acetatc is used, and this procedure there- 
fore results in the formation of ^-glycosides only. 
If, however, quinoline is used in place of silver 
carbonate in the condensation, a mixture of 
a- and jS-glycosides is formed (Fischer and Von 
Mechel, Ber. 1916, 49, 2813). Further, ^-methyl- 
glucose tetra-acetate may be transformed nearly 
quantitatively into a-methylglucoside tetra- 
acetate by heating with titanium tetrachloride 
in chloroform solution (Pacsu, ibid. 1928, 61 [Bl, i 
137, 1513). j 

The corresponding chloro-compound, aceto- 
chloroglucose, may also be used in this reaction. I 
In this way jMichael (ibid. 1881, 14, 2097) > 
obtained methjdarbutin. 


MeO 


O 


O — glucose. 


the first naturally occurring glycoside to be 
synthesised. Acetobromoglucose has been used 
extensively by Bobinson in his extensive syn- 
theses of anthocyanins (e.g. of malvin, J.C.S. 
1932, 2299). 

The sjmthesis of glycosides by means of 
enzjTues falls into a somewhat difierent category, 
but may be mentioned here, Bourquelot 
(series of papers, Compt. rend. 1912-15) found 
that enzymic hydrolysis of glycosides Ls re- 
versible, and sugars may be made to combine 
with alcohols by the tise of enzymes (e.g, 
emuLsin) under appropriate conditions. Tins 
Herissey (ibid. 1921, 172, 1536; 173, 1406) 
obtained a-methylmannoside by the action of 
an enz3-me, seminase (present in germinated 
lucerne seeds), upon a solution of mannose in 
10% methyl alcohol. Other methods for the 
synthesis of glycosides are given in ToUens- 
Elsner, “ Knrzes Handbueh derKohlenhydrate,” 
4th ed., Leipzig, 1935, p. 45. 

Gexeeai. Peopeettes of Glycosides. 

The simple glycosides (e.g. methjdglu cosides) 
-are colourless, crystalline solids, readily soluble 


in water and alcohol, and nearly insoluble in 
ether. They are optically active, hydrolysed 
by acids with varying ease, but comparatively 
stable to the action even of concentrated alkali. 
They are non-reducing to Fehling’s solution and 
to alkahne iodine (as regards their sugar 
portions). 

The size and active groups of the aglycone 
obviously influence the properties of the 
glycoside, although the hydroxyl groups in the 
carbohydrate continue to make the compound 
soluble in water, even if the aglycone is of the 
sterol type (e.g. the saponins). In general, the 
properties of the glycoside may be regarded as 
the sum of the properties of the two components. 
Some glycosides (e.g. saponins) are amorphous 
and difficult to obtain in a state of purity. 

The relationship between the rate of hydrolysis 
of glymosides, the critical increment and their 
constitution has been investigated by^ Moelwyn- 
Hughes (Trans. Faraday Soc. 1928, 24, 309; 
1929, 25, 81, 503). 


Hydeolysis of Glycosides by Exzymes. 


Owing to the extreme difficulty of character- 
ising preparations of enzymes it is not sur- 
prising that a mass of conflicting evidence has 
been accumulated upon this subject, but certain 
well-established facts may be mentioned. The 
chief enzyme preparations in this field are 
emulsin, maltase and invertase. EmuMn, 
extracted from bitter almonds, is a mixture of 
enzymes, of which the outstanding function is 
the hydrolysis of j?-gIucosides, e.g. amygdalin, 
gentiobiose, )3-methyl-d-glucoside. The presence 
of an a-glucosidase and a-mannosidasein emulsin 
has been reported (Helferich and co-workers, 
Z. physiol. Chem. 1932, 214, 139; 215, 27/; 
216, 123) . Maltase is present in yeast and effects 
the hydrolysis of a-glucosides in general, e.g. 
maltose, a-methylglucoside. Invertase is also 
present in yeast and hy^drolyses jl-fmctosides 
such as sucrose. The action of emulsin and 
maltase appears to be of a general nature, i.e- 
nearly all )3- or a-glucosides, respectively, are 
attacked. Myrosinase similarly hydrolyses the 
“ — S — glucose ” linkage in the mustard-ou 
glucosides. Other enzymes appear to_ he more 
specific in nature and hydrolyse special carbo- 
hydrate configurations only, e.g. indimulsiu 
hydrolyses indican, vicianase hydrolyses vicianiu 
(rf-mandelonitrile-vicianoside) and neither seems 
to attack any general group of glycosides. 
Weidenhagen has proposed a theoi^' concmnmg 
the specificity of carbohydrases, in which the 
action of an enzjone is determined by the rmg 
structure, configuration and Ci stereoisomensm 
of the substrate, but not by the non-sugar poi' 
tion (Weidenhegen. ibid. 1933, 216, 2oo, 
Angew. Chem._ 1934, 47, 451). There is sub- 
stantial experimental evidence against this 
view (see, for example, Hestrin, Biochem- » - 
1940, 34, 213, where further references are 


given). 

The effect of various changes in the constitu- 
tion of glycosides upon the rate of hj'drolysk 
by enzymes has been investigated by Helferm 
(Z. physiol. Chem. 1937, 248, 85 ; Annalen, 193/, 
531,160; 534; 276). 
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The Biological Significance op 
Glycosides. 

Various proposals have been made as to the 
function of gl 5 ’'COsides in plants. They may be 
waste materials, being the form in which toxio 
com^iounds such as phenols and sterols arc 
made soluble and removed. Bunge has made 
the interesting suggestion that their r61o is 
bactericidal; when the tissue is damaged the 
enzyme hydrolyses the glycoside, liberating the 
agtycone, wliich is frequently antiseptic {e.g. 
phenols), and prevents the harmful action of 
micro-organisms. The subject is discussed by 
E. F. and K. F. Armstrong, “ The Gl 3 '^cosides,” 
Longmans, 1931. 

The occurrence of a gtycosido in several 
different plant types is of interest, and in the list 
of natural glj’cosides which follows, mention is 
made of such distributions. In some cases, 
glycosides of verj' different types arc found in 
the same source ; thus horse-chestnuts (from 
JEscuhts hippocastanum) contain roscin (a steroid 
of the saponin t 3 q)o) and aesculin (a coumarin 
glycoside). The presence of crocin (a carote- 
noid) in some species of crocus and of picrocrocin 
(a terpene glycoside) in other species is note- 
worthy because carotenoids and terpencs arc 
generall 3 ’^ regarded as being formed from isojircno 
units. 

BibUography . — ^An excellent account of the 
cardiac gl 3 mosides is given in Ficser’s “ The 
Cliemistry of Natural Products Related to 
Phenanthrene,” 2 nd ed., Rcinhold Publ. Corp., 
New York,- 1937. Developments in the field 
of anthoc 3 ’^anins have been reviewed by Robin- 
son in a series of papers, including Nature, 1935, 
135, 732; 193G, 137, 94; 1938, 142, 356. A 
general re\’iew of the subject is given by E. F. 
and K. F. Armstrong {op, cit.). 

An alphabetical list of glycosides found in 
nature now follows, in which the literature has 
been reviewed up to and including 1938. The 
structures of glycosides belonging to the im- 
portant group of the anthocyanins arc given 
with reference to a “ type formula ” to be 
found in the survey of the various types of gly- 
cosides, earlier in this introduction. Glycosidic 
links (from the reducing hydroxyl group of the 
sugar) are to be assumed unless it is otherwise 
stated, and if a glycoside is hydrolysed by 
emulsin it is normally a ^-glycoside. The 
specific rotation quoted is measured in aqueous 
solution unless the solvent is stated. The 
activity of some cardiac glycosides has been 
given, expressed in frog-doses per mg. 
(F.D./mg.). 

Acaciin {v. Vol. I, 12). 

Acacipetalin, Cj^Hi^OgN, m.p. 176-7'’, 
[“Id — 36-6°, is a cyanogenetic glucoside from 
Acacia species. Complete hydrolysis (alkali 
and then acid) 3 delds d-glucose and isobutyryl- 
formic acid (Rimington, 1937, A., II, 136). 
It appears to be dimethlyketen cyanohydrin 
d-glucoside. 

Acertannin, CjoHgoOig, m.p.' 165°, [aju 
-1-21° (acetone), occurs in Acer ginnale. It is 
probably the digaUoyl derivative of an anhydro- 
hexitol (Fischer and Freudenberg, Annalen, 
1911, 384, 238 ; Perkin and Uyeda, J.C.S. 1922, 
121 , 66 ). ' 


9-Adenine-thiomethylpentoside has been 
found in 3 feast extracts (Mandel and Dunham, 
J. Biol. Chem. 1912, 11, 85; Suzuki et al., 
Biochem. Z. 1924, 154, 278 ; Levene, J. Biol. 
Chem. 1924, 59, 465; ibid. 1926, 65, 551; 
Sobotka, ibid. 1926, 69, 207). Falconer and 
GuUand (J.C.S. 1937, 1912) have shown that 
the sugar is attached to position 9 in the adenine 
molecule. The constitution of the sugar is 
not yet kno^vn. 

Adenosine, CioHjaOjNs-HHoO, [ajp —60°, 
9-adenine-d-ribofuranoside, has been isolated 
from hcart-musclo and from 3 'east, and is a 
component of their nucleic acids. Acid or 
cnz 3 'mic hydrol 3 'sis gives d-riboso and adenine 
(Levene and Jacobs, Ber. 1909, 42, 2703). 
Monophosphoric esters of adenosine occur as 
muscle-adenylic acid and yeast-aden 3 'lic acid; 
the latter has the phosphoric acid residue in 
position 3 of the ribose. Adenosinetriphosphate 
occurs in muscle extract (Lohmann, Naturwiss. 
1928, 16, 298; 1929, 17, 624) and plays an im- 
portant part in sugar metabolism in animals and 
plants and in alcoholic fermentation (the posi- 
tion of the ribose side-chain is discussed by 
GuUand and HoUda 3 q J.C.S. 1936, 765) {v. Vol. V, 
185). 

Adonidoside, Adonivernoside, are cardiac 
glycosides isolated from Adonis vernalis (Mercier 
and Mercier, Rev. Pharmacol. 1927, 1, 1). Their 
physiological activities are GOO and 300 F.D./mg. 
respectively (v. Vol. II, 387b). 

i^scin, CjjHgjOjy, (decomp. 220-230°), is a 
saponin occurring in horse-chestnut seeds 
{uEscnlns hippocastanum). Hydrolysis is reported - 
to give glucose, glucuronic acid and aesoi- 
gonin {v. Vol. I, 160c), which appears to be 
a tritorpenoid of the hederagenin type (see 
Hederin, p. 89fZ), since on dehydrogenation 
it yields sapotalin. Its constitution is not yet 
known (Chem. Zentr. 1929, II, 2780). (See also 
Winterstein, Z. physiol. Chem. 1931, 199, 25; 
Bures and Babor, Chem. Zentr. 1935, I, 3936 ; 
1937, II, 403.) 

/Esculin (v. Vol, I, 160). 

Aloin (v. Vol. I, 262a) 

Altheein, CgoblgsOigCl (chloride), is an 
anthocyanin occurring in black maUow (Althsea 
rosea). Hydrolysis yields glucose (1 mol.) and 
myrtillidin chloride, which is the 7-methyl ether 
of delphinidin chloride (v. Vol. Ill, SSid) 
(WiUstatter and Martin, Annalen, 1915, 408, 
110; Chem. Zentr. 1930, I, 3193). -{Gf. Karrer - 
and Weber, Helv. Chim. Acta, 1936, 19, 1026, 
who find althsein to be a mixture of various 
anthocyanins) (v. Vol. I, 264a). 

Amolonin is a crystalline saponin present in 
the Californian soap plant, Glilorogalum pomeri- 
dianum (Jurs and NoUer, J. Amer. Chem. Soc. 
1936, 58, 1251). Amolonin has the probable 
molecular formula Cg 3 Hi 04 O 3 i. Hydrolysis 
gives d-glucose (3 mol.), d-galactose (1 mol.), 
Z-rhamnose (2 mol.) and a sterol, tigogenin, 
identical with the aglycone of tigonin (p. 97o). 

Ampelopsin (g.v.). 

Amygdalin (q.v,). 

Zso-Amygdalin is dZ-mandelonitrile /5-gentio- 
bioside. 

Androsin (q.v.). For synthesis, see Mauthner, 
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J. pr. Chem. 1918, [ii], 97, 217 ; 1925, [ii], 110, 
123). 

• o-Antlarin, )5-Antiarin (v. Vol. II, 387c). 
a- Antiarin on hydrolysis gives a sugar, antiarose, 
of unknown structure (isomeric with rhamnose); 
j8-antiarin gives rhamnose (Tschesche, Ber. 1936, 
69 [B], 1377). 

Apiin (q.v.). 

Aralin is a saponin of the hederin type (p. 89c) 
found in varieties of Aralia (Winterstein and 
Stein, Z. physiol. Chem, 1932, 211, 6). 

Arbutin {v, Vol. I, 457c). (Purification of 
arbutin to m.p. 199-5-200°, [aJjj —64-3°, has been 
reported by Reichert and Turkewitsch, Arch. 
Pharm. 1938, 276, 397.) The rate of hydrolysis 
and its activation energy have been measured 
by Moelwyn-Hughes (Trans. Faraday Soc, 1929, 
25, 503). 

The blackening of the leaves of certain 
varieties of Pyrus is due to hydrolysis of arbutin 
by enzymes present ; the liberated hydroquinone 
is readily oxidised to give a black product. 
Leaves containing much methylarbutin turn 
yeUow and then black, owing to the different 
oxidation reactions of methylhydroquinone. 

Asperulin {q.v.). 

Atractylic Acid, CgoH^gOigSjKg (potas- 
sium salt), m.p. 173°, —64°, appears to be 

of the mustard-oil glucoside type. It is the ' 
poisonous principle of the roots of Alractylis \ 
gummifera {Garlina gummifera) (Chem. Zentr. 
1920, II, 614) and is of unknown constitution. 
Acid hydrolysis gives glucose, valerianic acid i 
(2 mol.), potassium hydrogen sulphate (2 mol.) | 
and an unidentified aglucone, C14H22O4! 
(Wimschendorflf and Braudel, ibid. 1932, II, 
70 ; see also Ajello, ibid. 1933, II, 2399 ; Wun- ■ 
schendorff and Valier, ibid. 1934, I, 3752, 3861) i 

Aucubin (q.v.). 

Avenein (glucovaruUin), Ci4Hj80g, m.p. 192°, 
[a]jj -88-6, is found in Avena saliva and Tri- • 
iicum repens. It appears to be a glucoside ofi 
va nillin (see Fischer and Raske, Ber. 1909, 42, | 
1465). It is an oxidation product of the 
glucoside coniferin (q.v.). Vanillin )3-glucoside 
has been synthesised (Thorpe and Williams, 
J.O.S., 1937, 494). 

Baicalin (g.u.). An enzyme, prepared from 
Prunus armeniaca var. ansu consists of biacali- 
nase and )3-glucosidase (kCwa, Amer. Chem. 
Abstr. 1936, 8272 ,- Shibata and Uattori, Acta. 
Phytochim.- 1930, 5, 117 ; Miwa, ibid. 1932, 6, 
155; 1935, 8, 231; 1936, 9, 89). 

Baptisin, CjvHgjOig, m.p. 240°, [aJu —61°, 
occurs with ^-baptisin in the roots of Baptisia 
tinctoria. Hydrolysis with acid gives Z-rhamnose 
(2 mol.) and baptigenin. ^-Baptism on hydro- 
lysis gives d-glucose, Z-rhamnose and ^-bapti- 
genin (Spath and Schmidt, Monatsh. 1929, 
53/54, 454). 



JBaptigenin. 



^i-Baptigenin. 


The position of the sugar residues in baptisin is 
not settled. 

Barb a loin (v. Vol. I, 262 a). 

Butrin, [®in — 81-7° (in 

pyridine), has been isolated from Butea frondosa 
flower (Lai, J.C.S. 1937, 1562 ; J. Indian Chem. 
Soc. 1935, 12, 262). Hydrolysis gives glucose 
, (2 mol.) and 7:3':4'-trihydroxyflavanone. The 
sugars are present as a bioside. 

Cailistephin (q.v.). 

Camellia-Saponin , 0571454030,6 HgO, m.p. 
208° (anhydrous), [a]p -f 37°,is a sapom'n of the 
hederin type (v. p. 89) found in Camellia japonica. 
Hydrolysis gives glucose (3 mol.), arabinose 
(2 mol.) and camelha-sapogehin, C29H44O5, de- 
comp. 194-197° (Aoyama, Chem. Zentr. 1929, 1, 
248), of unknown structure. On 'dehydro- 
genation the sapogenin yields sapotalin (1:2:7- 
trimethylnaphthalene), suggesting that it is 
similar in structure to hederagenin (p. 89d).' 

Cerberin (v. Vol. II, 481). A cardiac 
glycoside (Vol. II, 387c). 

Cetyl d-GIucoside, C22H44O5, m.p. 150°, 
[a]i, —22°, occurs inthe Sarsaparillarooi. It has 
been synthesised from cetyl alcohol and aceto 
bromoglucose (Fischer and Helferich, Annalen- 
1911, 383, 79; Salway, J.C.S. 1913, 103, 1022) 

Chebulinic Acid, C41H34O27, [a]j)-fl6° 

(M eO H — HgO), occurs in the fruit of Perminalia 
chebula. Hydrolysis by dilute alkali or by 
tannase gives d-glucose, gaUic acid (3 mol.) and a 
dibasic acid of unknown structiue (Freuden- 
berg, Ber. 1919, 52 [B], 1238; 1920, 53, [B], 
1728). One carboxyl group of this acid appears 
to be condensed with the glucosidic hydroxyl 
group and at least two of the gallic acid mole- 
cules are attached to the glucose (Freudenberg 
and Frank, Annalen, 1927, 452, 303). 

Cheiranthin (q.v.). 

Cheljol-GIucoside, Ci9H2oOjo,2H20, m.p. 
175°, occurs in Arabian “ cbellah,” Amni vis- 
naga. Acid hydrolysis gives <Z-glucose and a 
substance of the coumarin type of unknown con- 
stitution (Fantl and Salem, Biochem. Z. 1930, 
226, 166). 

Chrysanthemin (q.v,). 

Cichoriin (q.v.). 

Citronin, 0331434044, m.p. 235°, occurs in 
various species of Citrus (cf. Haringin). 
Hydrolysis gives d-glucose, Z-rhamnose and 
citronetin, CigHi405, m.p. 225°, which is -5:7- 
dihydroxy-2'-methoxyflavanone (Shinoda and 
Sato, Chem. Zentr. 1931, II, 2326 ; Yamamoto 
and Oshima, Amer. Chem. Abstr. 1932, 26, 
1295). 

I Clavicepsin (g.v.). 

Coniferin (q.v.). 

Convallatoxin (v. Vol. II, 3876). 

Convicine, Cj(jH4gN30g,H20, is a pyrimi- 
dine glucoside occurring with vicine (v. p. 97d) 
in vetch seeds (Ritthausen). It appears to have 
the formtfla given' at the top of the next page. 
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^CONH 

HOCH \cO 

\ / 

— N — rf-glucoso 

NH 

(See Johnson, J. Aincr. Chem. Soc. 1914, 36, 367 ; 
Fisher nnd Johnson, ibid. 1932, 54r, 2038.) 

Convolvulin (g.v.). Sec also Mannich and 
Schumann, A., 1938, II, 238. 

Coronillin (q.v.). 

Crocin (q.v.). 

Cyanin (q.v.). 

Cyclamtn. CsoHooOzo* dccomp. 2.64°, a sa- 
ponin of tlio hederin typo (p. 89) found in alpine 
violets (Cyclamen evropmim) (Plzalc, Ber. 1903, 
36, 1761; cf. Chem. Zentr. 1927, I, 2331; 

1929, 1, 2655). Hydrotysis gives glucose (3 mol.), 
arahinose (2 mol.) and cyclamirotin, 

(Dafert cl ah, Chem. Zentr. 1920, II, 2437; 

1930, I, 1798; 1934, II, 1785 (revision of mole- 
cular formula:)). The last compound gives 
sapotalin on dehydrogenation. Its structure 
is not yet knoum. 

Cymarin (q.v.). 

Cytidine is a pyrimidine nucleoside (cf. 
Uridine, p. 97b) formed on hydrolysis of j’cnst- 
nucleio acid. It is S-cytosine <f-ribofuranosido. 

^C(NH2):N 
CH \cO 

'^C H N — d-rihoso 

In the nucleic acid, the hydroxjd group in 
position 3 of the riboso is esterified vith phos- 
phoric acid (Lovene and London, J. Biol. Chem, 
1929, 83, 793). 

Daidzin, C2i^2o^?' °^-P- 235°, [a]p —37°, is 
an isoflavonc glucoside from Soja hispida (cf. 
Genistin, p, 88c), Hydrolj'sis gives d-glucose and 
daidzein (v. Vol. V, 259c), 

Daphnin (q.v.). 

Datiscin (v. Vol. Ill, 649c). 

Delphin (q.v.). 

Delphinin (q.v.). 


Deoxyadenosine, deoxycytidine, de- 
oxyguanosine, deoxyuridine. — These purine 
nucleosides are hydrolysis products of nucleic 
acids, and are similar in stnicture to adenosine, 
cytidine, guanosine nnd uridine respectively, 
having dco.xy-d-ribofuranosc in place of d~ 
ribofiiranose. Tliey are obtained hj’- enzymatic 
cleavage, as dcoxyribose is very sensitive to 
chemical reagents (Lovene nnd London, J. Biol. 
Chem. 1929, 81, 711 ; 1929, 83, 793), Gulland 
nnd Story (J.C.S, 1938, 259) have shown that 
in deo.vyadenosino the sugar is attached to 
position ,9. 

Dhurrin (q.v.). 

Dibenzoylglucoxylose, CggHggOj,, m.p. 
148°, ffZjp —107°, occurs in the branches of 
Daviesia lalifolia (Power and Salwny, J.C.S, 
1914, 105, 767, 1062; Tutin, ibid., 1915, 107, 7). 
Alkaline h3'drolysis gives benzoic acid nnd gluco- 
xyloso, a disaccharide, [a]^ — 30-5°, non-reducing 
to Fchling’s solution and giving no osazone. It 
appears to be d-xylosido-d-glucoside, the two 
glycosidic hydrox}’! groups forming the linkage 
between the sugars. 

Digilanides (A, B and C) (v. Vol, II, 385). 

Diginin (v. Vol. II, 384d). 

Digitalin (v. Vol. II, 3S4J). 

Digitonin is a saponin, occurring with several 
cardiac glycosides of somewhat similar constitu- 
tion (e.ff. digito.xin) in the leaves of Digitalis 
iniTpnrea. It is one of the few woll-characteriscd 
saponins. Its isolation in a pure state is never- 
theless difficult. Cardiac glycosides are re- 
moved from the crude extract by chloroform or 
ether. Digitonin is then separated from other 
saponins (gitonin, tigonin, etc.) h_y fractional 
precipitation with amyl alcoliol (Kiliani, Bor. 
1910, 43, 3502; 1910, 49, 701) or as an 
adduct M'ith ether (Windaus, Z. physiol. 
Chem. 1926, 150, 205). Repetition of these 
methods gives pure digitonin. It has the 
probable molecular formula CggHjgOop, m.p. 
235°, Hydrolysis gives glucose (2 mol.), 
galactose (2 mol.), xylose (1 mol.) and the steroid 
digilogenhi, m.p. 253°, which appears 

to have the following structure (see Tschescho 
and Hagedorn, Ber, 1936, 69 [B], 797) : 


C H IVl e— C H— C H— C H„— C H M e 



OH 


Digitoxin (v. Vol. II, 3846). 

Digoxin (v. Vol. II, 3856). 

Diosmin (Barosmin), C34H44O21J m.p, 280° 
(v. Vol. IV, 8c). 

Dryophantin, CjjHgsO^g, m.p. 220°, occurs 
in galls produced by Dryophanta, on Quercus 
species. Hydrolysis gives glucose (2 mol.) and 
purpurogallin, m.p. 275° (Nierenstein, J.C.S. 
1919, 115, 1328). 


Emicymarin, C3QH4gOg, is a glycoside iso- 
lated from the seeds or StropJiantMis emini by 
Lamb and Smith (ibid. 1936, 442) by partial 
enzymatic hydrolysis. Acid hydrolysis gives 
digitalose (q.v.) and a steroid trianhydroperi- 
plogenin (see Periplocymarin, p. 93a). 

Erysolin (see Glucocheirolin, p. 88d). 

Euxanthlc Acid (q.v.), CiflHigOjo,3HjO, 
m.p. 162°, is the glycoside present in Indian 
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yeUow (KostanecM, Ber. 1886, 19, 2918). 
Hydrolysis gives d-glucuronic acid and euxan- 
thone, 3;5-di}iydroxyxantlione, m.p. 237° 
(Graebe, Ber. 1899, 22, 1405). 



Euxanthone. 


The uronic acid is attached to position 3 and 
has a pyranose structure (Robertson and 
Waters, J.C.S. 1931, 1709). 

Floridoside, CgHjgOg, m.p. 87°, [ajj, +151°, j 
occurs in Bhodymenia palmaia. Hydrolysis by 
acid or yeast gives galactose (1 mol.) and 
glycerol. It is not hydrolysed by emulsin, and 
it is therefore probably an a-galactoside 
(Colin and Augier, Chem. Zentr. 1933, I, 3953). 
It is probably ^-(a-d-galactosido)-glycerol (Colin, 
Bull. Soc. chim. 1937, [v], 4, 277). 

Folinarin has been shown to be identical with 
oleandrin (p. 92c) (Neumann, Ber. 1937, 70 [B], 
1547 ; Tschesche, ibid. 1554). 

Frangulin (Eranguloside) is a glycoside of the 
anthraquinone type, giving rhamnose and 
4:5:7-tiihydroxy'2-methylanthraquinone on hy- 
drolysis. It occurs in Bhamnm frangula 
(Bridel and Charaux, Compt. rend. 1930, 191, 
1161). 

Fraxin,.Ci8HigO 10, m.p, 205°, is a coumarin 
glucoside found in the ash (Fraximis excelsior) 
and species of JEscvltis. Hydrolysis by emulsin 
or acids gives d-glucose and frasetin, 6-methoxy- 
7;8-dihydroxycoumarin, m.p. 227-228°. The 
glucose is attached to position 8 (Y’’essely and 
Demmer, Ber. 1928, 61 [B], 1279 ; 1929, 62 [B], 
120 ; Wessely and Lechner, Monatsh. 1932, 60, 
159). 

Fustin, C3eH2604, m.p, 330°, has been de- 
scribed as a flavonol glycoside occurring in the 
stems and branches of young fustic {Bhus 
cotinus) and in Quebracho colored. Hydrolysis 
was said tq give rhamnose (1 mol.) and fisetin 
(2 mol.), CigHioOg, m.p, 219°. Fisetin is 
3:7:3':4'-tetrahydrox;^avone (A. G. Perkin, 
J.C.S. 1897, 71, 1194; Allan and Robinson, ibid. 
1926, 2334). 

Recently, however, it has been claimed that 
fustin is dihydrofisetdn, and gives no sugars on 
hydrolysis (Oyamada, J. Chem. Soc. Japan, 1934, 
55,755; 56,980). 

Galuteolin, CaiHgoOu, m.p. 280°, is a 
flavone glycoside isolated fcom the seeds of 
Galega officinalis. Hydrolysis gives glucose and 
luteolin {v. Vol. IV, 189a), the dye of Beseda 
luteola, which when dried is known as “ dyer’s 
weed ” (Barger and White, Bio chem. J. 1923, 
17, 836 ; Chem. Zentr. 1931, U, 2464). 

Gaultherioside, CjgH240jo, m.p. 185°, 
[a]D —58°, is present in fi-esh Gaultheria pro- 
cu^ens. It is non-reducing. Hydrolysis yields 
glucose, xylose and ethyl alcohol (Rabate and 
Rabatd, Chem. Zentr. 1931, H, 1711). The 
sugars are present as the biose primeverose (cf. 
Primeverin, p. 94a) ; it is therefore ethyl §• 
pnmeveroside. It is not thought to be formed 


fi-om primeverose dxrring extraction (see Rabat4, 
Bull. Soc. Chim. biol. 1938, 20, 449). 

Gaultherin (see Monotropitin, p. 92a). 

Gein (geoside), C24H3oO„,H20, m.p, 146°, 
[a]jj —54°, occurs in Geum urbanum. Hydrolysis 
by the enzyme gease gives vicianose (6-j3-Z- 
arabinosido-d-glucose ; cf. Vicianin, p. 97c) 
and eugenol (Vol. IV, 39&). 

vicianose 

O — glucose-arabinose. 

XX 

CHg-CHrCHg 

Gein. 

(Herissey, Chem, Zentr. 1926, 1, 2358 ; H, 2436 ; 
1927, I, 1025). 

Genistin, CajHgoOio, m.p. 254-256°, [a]D 
—28°, is an isoflavone glucoside occurring ufth 
daidzin {v. supra) in Soja hispida. Acid hydro- 
lysis gives d-glucose and genistein, CjgHjoOj, 
m.p. 297-298°, w+ieh is 5:7:4''-trihydroxyjso- 
flavone. The sugar in genistin is attached to 
position 7 (Walz, Annalen, 1931, 489, 118). 
Genistein occurs also in dyer’s broom. Genista 
tinctoria (Baker and Robinson, J.C.S, 1925, 
127, 1981; 1926, 2713; 1928, 3115)., 

Gentianin [q.v.). ' . 

Geranyl-Glucoside, CieHggOg, m.p. 68°, 
Wn ”37°, occurs in Pelargonium odoratum. It 
is a /5-glucoside, which has been synthesised 
from the terpene geraniol {q.v.) and acetobromo- 
glucose (Fischer and Helferich, Annalen, 1911, 
383, 77). It has also been obtained by enzyme 
synthesis, from geraniol and d-glucose in the 
presence of emidsin (Bourquelot and Bridel, 
Compt. rend. 1913, 157, 72 ; Chem, Zentr. 1913, 
II, 1309). 

Gesnerin {q.v.). 

Gitalin {v. Vol. II, 384c). 

Gitonin is one of several saponins occurring 
(■ndth cardiac glycosides) in the leaves of Digitalis 
purpurea, it is separated from digitonin by 
fractional precipitation with ether (Windaus, 
Z. physiol. Chem. 1925, 150, 205), and also by 
fractional crystallisation from alcohol-water 
mixtures ; it was first isolated by Windaus and 
Schneckenburger (Ber. 1913, 46, 2628) from im- 
pure digitonin preparations. It has the pro- 
bable molecular formula CgiHggOgg, m.p. 272°. 
Hydrolysis gives galactose (3 mol.), an un- 
identified pentose (1 mol.) and a steroid gitogenin, 
C27H44O4, m.p. 272°. The last compound has 
been assigned a structure closely similar to that 
of digitogenin (p. 81d) but having no hydroxyl 
group in position 6 {see Tschesche, Ber. 1935, 
68 [BJ, 1090; Tschesche and Hagedom, ibid. 
1936, 69 [B], 797). 

Gi toxin. A cardiac glycoside {v. Vol. H, 
3846). - 

Glucocheirolin, C11H20O41S3N K'H20, 
m.p. 160°, [a]jj —21-6°, is a mustard-oil glucoside 
found in the seeds of wallflowers {Cheiranthus 
cheiri). It is hydrolysed by the enzyme myrosi- 
nase to cheiroHn (Vol. II, 527c), d-glucose and 
potassium hydrogen sulphate (Schneider and 
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Lohniann, ibid. 1912, 45, 2954; 46, 2634; see 
also Annalen, 1912, 386, 346) {cf. Sinigrin,p. 96a). 
A Iiomologuo of cbeirolin, cr3’soliti 

CH3SO2ICH2VNCS, 

occurs as a glucosido in tlie seeds of the orange 
wallflower, Eryshmm perofsJcianvm. 

Gluconasturtiin, CjjHjoOgSjNK, is a 
mustard-oil glucosido from the seeds of IS^asUir- 
luini ojficivale. Hydrol^'sis by myrosinase gives 
d-glucose, phenjdeth}'! jsothiocyanato and 
potassium hj’^drogen sulphate (Gadamer, Bcr. 
1899, 32, 2335) (c/. Sinigrin and Glueotro- 
pjcolin). 

/O-SOjOK 

PhCHa-CHa-NrCif 

— glucose 

GluconasturUin. 


j8-Glucosido-Gallic Acid (Glucogallin), 

^13^10^10* 


m.p. 193°, [0)0 —21°, is found in Chinese 
rhubarb (Fischer and Strauss, ibid. 1912, 45, 
3773 ; 1918, 51, 1804) (c/. Tctrarin, p. 97a). 

Glucotropaeolin, Ci^HigOjSjNK, is a 
mustard-oil glucosido found in Tropieohum majus 
and Lepidhim sativum. Hj^drolysis by the 
enzyme mj’rosinasc gives d-glucosc, benzyl iso- 
thioe3'anate (PhCHoNCS), and potassium 
h5'drogen sulphate (Gadamer, l.c.). It is there- 
fore analogous to sinigrin and gluconasturtiin. 

Glycyphytlin, CjjHjiOj-SHjO, m.p, 175- 
180°, occurs in the leaves of Smilax ghjcypliylla ; 
it appears to ho a rhamnosido of pliloretin {see 
PHoridzin, p. 935) (Wright and Rennie, J.C.S. 
1881, 39, 237; Rennie, 1886, 49, 857). . 

Gossypitrin (a. Vol. Ill, 4066; also Neela- 
kantam and Seshadri, 1937, A., II, 446 ; 1939, 
A., II, 245). 

Guanosine (Vernine) was the first nucleoside 
to be discovered in nature (Schulze and Boss- 
hard, Z. physiol. Chem. 1885, 9, 448 ; 1886, 10, 
80). It occurs in various plant tissues {Vida, 
Lupimis, etc.) and is a hydrolysis product of 
yeast-nucleic acid {also thymus-' and pancreas- 
nucleic acids). It is 9-guanino-ci-ribofuranoside, 
guanine being 2-amino-6-oxypurine (see also 


NH- 


H„N-C 

II 

N- 


-CO 

I 

C — Ns— d-ribose 

II >CH 


Levene and Jacobs, Ber. 1909, 42, 2474 ; 1910, 
43, 3163; GuUand and Holiday, J.C.S. 1934, 
1639; 1938, 692). Guanylic acid has a 

phosphoric acid residue in position 3 of the 
ribose, and it is in this form that guanosine 
occurs combined in the nucleic acids. 

Gynocardin, CisHigOgN, m.p, 163°, [0)0 
-h72'5°, is a cyanophoric glucosido found in the 
oleaginous seeds of Gynocardia odorata. It is 
accompanied by an enz3nne, gynocardase, which 
hydrolyses it to d-glucose, hydrocyanic acid 
and a diketone of unknown structure (Power 
and Lees, J.C.S. 1905, 87, 349; Brill, Chem. 
Zentr. 1923, 1, 104 ; Floriana, ibid. 1929, 1, 761). 

.GypsophiJa-Saponfn (alba-saponin, saponai- 
bm) IS a saponin belonging to the hederin group 


{v. infra). It occurs in OypsopJiila arroslii and 
paniculata (Kofler and Dafert, ibid. 1924, 1. 922). 
Hydrolysis gives arabinose, rhamnoso, glucose, 
galactose and gypsogenin, CjgH^^O^, which on 
dehy^drogenation 3deld8, among other products, 
sapotalin (l:2:7-trimcthylnaphthnlenc) (Ruzicka 
cl al, Hclv. Chira. Acta, 1932, 15, 1496). 

Hamamelitannin, CjgHjoOj^, m.p. 117°, 
occurs in Hamamelis virginica (Froudenberg 
and Bliimmcl, Annalen, 1924, 440, 45). 

Hydrolysis by the enz3'mc tannase or 63’^ acids 
gives gallic acid (2 mol.) and a hexose, hamame- 
loso (1 mol.), for which the following constitu- 
tion has been proposed (Schmidt, ibid. 1929, 
476, 251). 

CHgOH 

HO-i-CHO 

CKOH 

1 

CH-OH 

iHg-OH 


Reduction of the corresponding aldonic acid 
\rith hydriodic acid gives methyl propyl acetic 
acid; hamameloso gives no osazonc and has a 
slight loevo rotation. Identification is rendered 
difficult by the fact that the sugar has not yet 
been obtained crystalline. Freudenberg {l.c.) 
suggests that . the gallic acid molecules are 
attached throiigh their carbox3d groups to the 
primary alcohoUc groups of the hexose. 

Hederin belongs to a small group of tri- 
terpenoid saponins the ngl3’concs of which are 
not of the sterol typo (as in the case of 
digitalis saponins; see Digitonin, p. 87c) but 
appear to be triterpenoid in character. Their 
constitution is still under investigation, .^scin, 
camellia-saponin, caryocarsaponin, cyclamin, 
gypsophila-saponin, quillaia-saponin, etc., are 
of this class. Hederin (a-hederin) is one of 
several saponins found in ivy {Hedera helix) ; 
others present have not yet been characterised 
as chemical individuals. It is crystalline, having 
the molecular formula Hydrolysis 

yields rhamnose, arabinose and hederagenin, 
C3oH4g04, m.p. 331°, [0)0 -f-70°. In common 
with the aglycones of other members of this 
group, hederagenin on dehydrogenation 3delds 
sapotalin (l:2:7-trimethylnaphthalone). A 
suggested structure for hederagenin is given 
below : 



Hederagenin (provisional). 



90 


GLYCOSIDES. 


(Ruzicka et al.', Helv. Chiin. Acta, 1937, 20, 299, 
325 ; 1938, 21, 1371 ; Z. Kitsato, Acta Phyto- 
chim. 1936-37, 9, 43, 61, 75 ; 1937-38, 10, 199). 
{See also Spring, Chem. and Ind. 1936, 55, 964, 
1050.) 

Heiicin (Spirain), CjgHjgOy, m.p. 174-176°, 
r®3D —60°, is salicylaldehyde-jS-glucoside. It 
occurs in Spirsea species and is formed when 
salicin is oxidised with nitric acid (SchifiF, 
Annalen, 1870, 154, 16). It has been synthesised 
from salicylaldehyde and acetochloroglucose 
(Michael, J. Amer. Chem. Soc. 1879, 1, 305; 
Ber. 1879, 12, 2260). Emulsin hydrolyses 
heiicin and also its hydrazone and oxime. 

Hellebrin is a crystalline cardiac glycoside 
{v. Vol. II, 387c). 

Hesperidin, C28H34O1B, m.p. 251°, is a 
flavanone glycoside found in the peel of several 
Citrus fruits (not Citrus decumana) (Tiemann 
and Will, Ber. 1881, 14, 948). Hydrolysis gives 
d-glueose, Z-rhamnose and hesperitin, CieHi40Q, 
m.p. 228°, which is 6:7:3'-trihydroxy-4'’-meth- 
oxyflavanone (synthesis ; ShinodaandKawagoye, 
Chem. Zentr. 1929, I, 244). The sugars appear 
to he present as a hiose (ICing and Robertson, 
J.C.S. 1931, 1704). 

Hiptagin, CioHi 409 N 2 ,JH 20 , m.p. 110°, 
Md +3‘5° (in acetone), is a cyanophoric glucoside 
found in the root bark of Hiptage medablota. 
Dilute acid gives d-glucose and various degrada- 
tion products ; dilute alkali yields ammonia and 
hydrogen cyanide even in the cold. It is 
considered to be the glucoside of an isoxazole 
derivative {see Gorter, Amer. Chem. Abstr. 1921, 
15, 1299). 

Hirsutin {g.v.). 

Hiviscin, C 2 cH 29 O 40 CI, 3 H 2 O (chloride), is an 
anthocyanin obtained from Hibiscus sabdarijfa, 
m.p. 178°. Hydrolysis gives glucose, a pentose 
and delphinidin chloride (see Delphinin) (Yama- 
moto and Osima, Chem. Zentr. 1933, 1, 71 ; 1937, 
A., II, 71). 

Idaein, {q.v.). 

Incarnatrin is a flavonol glycoside, from 
Trifolium incarnatum (crimson clover). It is 
hydrolysed by emulsin to glucose and quercetin 
(see Quercitrin, p. 94c) (Rogerson, J.C.S. 1910, 
97, 1004). 

Indican, Ci4H470eN,3H20, m.p. 58° (an- 
hyd. 178°), [a]j) —77-6°, occurs in various species 
of Indigofera and Isatis tinctoria, etc. It is /3- 
indoxyl glucoside, being the form in which 
indigo occurs in the plant. Hydrolysis by the 
enzyme indemulsin (with which it is found) or 
by acids gives d-glucose and indoxyl, which is 
readily oxidised {e.g. by air) to indigotin. 


Inosinic Acid is a purine nucleotide, and was 
first discovered in meat extract by Liebig in 
1847. Careful hydrolysis gives phosphoric acid 
and inosine, 9-hypoxanthine-d-ribofuranoside. 
In inosinic acid the phosphoric acid residue is 
on position 6 of the sugar (Levene and Jacobs, 
Ber. 1908, 41, 2703 ; 1909, 42, 335 ; 1911, 44, 
746 ; Levene and Tipson, J. Biol. Chem. 1935, 
111, 313). In fresh tissues inosine is largely 
replaced by its precursor adenine-5-phosphoribo- 
furanoside ; the latter is transformed into 
inosinic acid by a specific enzyme. The position 
of the ribose side-chain is discussed by GuUand 
and Holiday (J.C.S. 1936, 765). 

Iridin, C24H2e0j3,H20, m.p. 208° (an- 
hydrous 217°), is an isoflavone glucoside found 
in the rhizomes of iris {Iris florentina, germanica, 
etc.). Acid hydrolysis yields d-glucose and iri- 
genin, CjgHjgOg, m.p. 186°, 6:7:3'-trihydroxy- 
6:4'':6'-trimethoxyisoflavone (Baker, ibid. 1928, 
1022). {Cf. Tectoridin, p, 96d.) 


glucose — O 

MeO 



OMe 


Eor the synthesis of iridin, see Baker and 
Robinson, J.C.S. 1929, 152, 

Jalapin (scammonin, orizabin), C34Hg20i8, 
m.p. 208°, is found in Stipiies jalapse, Con- 
volvulus orizabensis and Scammonia. Hydrolysis 
gives d-glucose, Z-rhamnose, d-fucose (rhodeose, 
Vol. V, 330c) and jalaponic acid, C16H32O3 
(11-hydroxyhexadecanoic acid), m.p. 68° (Davies 
and Adams, J. Amer. Chem. Soc. 1928, 50, 1749 ; 
Voto6ek and Valentin, Amer. Chem. Abstr, 
1928, 22, 1361) {v. Convolvulin). 

Jalapin has a hsemolytic effect similar to that 
of the saponins ; it paralyses the motor parasym- 
pathetic nerves (Heinrich, Biochem. Z. 1918, 
88, 13; Hollander, Amer, Chem. Abstr. 1936, 
30, 5305). 

Keempferin, C27H3QOie, m.p. 195°, is a 
flavonol glycoside found in senna leaves. 
Hydrolysis gives glucose (2 mol.) and ksempferol 
(campherol), 6:7:4''-trihydroxyflavonol, m.p. 277° 
(Turin, J.C.S. 1913, 103, 2006). 



,C'0— gl^chse 

. / 

NH 


Indican. 


Indican is hydrolysed slowly by emulsin. For 
the synthesis of indican, see Robertson, J.C.S. 
1927, 1937-; ibid. 1933, 30. Indole derivatives 
are^ eliminated from the body in the form of 
indican. ■ • - . 


Ksempferol is the aglycone of several other 
glycosides (kmmpferitrin, robinin, etc.). 

Ksempferitrin, C27H3g044, m.p. 203°, is a 
flavonol glycoside, found in Java indigo {Indigo- 
fera arrecta). Hydrolysis gives rhamnose (2 
mol.) and kmmpferol {v. supra) (Tasald, 1927, A., 
918). The rhamnose appears to be attached, as 
a disaccharide, to the hydroxyl group in 
osition 3. 

Keracyanin (Prunicyanin), v. Vol. I, p- 449a. 

Kerasi n, C48Hg308N,H20, m.p. 187°, [a]p 
— 11-6° (CHCI3) is a galactohpin occurring in 
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.the hrain (sec Klenk and Hfirlc, Z. physiol 
Chem. 1930, 189, 243 ; Chibnall, Piper and 
Williams, Biochem. J. 193G, 30, 100). 

Lactoflavin (now riboflavin, vitamin Bj) 
6;7-dimethyl-9-d-ribitylisoalloxazine, is neces- 
sary for the growth of rats (Gyorgy, Kuhn 
and Wagner- Jaurcgg, Naturn-iss. 1933^,21, 500). 
For synthesis, see Karrer, Helv. Chim. Acta, 
1935, 18, 426, 622, 1435. 


OH OH OH 



taraman, J.C.S. 1929, 61 ; CuIIinane, Algar and 
Ryan, Proc. Roy. Dub. Soc. 1928, 19, 77). The 
cyanogen radical appears to bo attached to the 
sugar groups (sec, however, T. A. Henry, J.S.C.I. 
1938, 57, 248, where Dunstan and Henry’s in- 
vestigations are not supported). 

Lusitanicoside, CjiHgoOjo, m.p. 188°, 
—74°, is found in Portuguese cherry laurel 
leaves {Cerasus lusiianica). Hydrolysis gives 
p-allylphenol (chavicol), d-glucose and Z-rham- 
noso (Hdrissey and Laforest, Chem. Zentr. 1932, 
n, 232; 1934, 1, 2137). The sugars are present 
as the Inoso rutinose (^-l-Z-rhamnosido-G-d- 
glucose) and lusitanicoside is therefore chavicol- 


rutinose — 0( 


)CH2-CH:CH2 


Lusitanicoside. 


Lactoflavin. 

It is interesting to note that the ribose may be 
eliminated by irradiation in neutral solution. 

Linamarin (phaseolunatin), 

CioHi70oN,H20, 

m.p. 142°, [aJn —29°, is a cyanophoric glucoside 
found in young flax (Linum vsitalissimu7n) and 
in Phaseolus lunatns (Jorissen and Hairs, Bull. 
Acad. roy. Belg. 1891, 21, 529). It occurs also 
in the rubber tree, IJevea hrasiliensis. It is 
hydrolysed by aqueous alkali to ammom'a and 
phaseolunatinic acid, CjgHjgOg, which with 
dilute acid gives <Z-glucoso and a-hydro.xy- 
ificbutyric acid, Me2C(OH)COOH. The 
structure of linamarin is 

M BjC ( C N ) • O — glucose 

(^-glucosidiclink). For synthesis, secFischer and 
Anger, Bor. 1919, 52, 854 ; Sitzungsber. K. Akad. 
Wiss. Berlin, 1918, 203. The action of enzymes 
upon linamarin has been the subject of contra- 
dictory reports. In general, it appears to be 
accompanied by a specific enzyme, linase, by 
which it is hydrolysed to d-glucose and acetone 
cyanhydrin. Emulsin yields cZ-glucose, acetone 
and hydrogen cyanide. 

Linarin, C23H240j^i, is a flavone glycoside 
found in toad flax (lAnaria vulgaris). Hy^olysis 
gives glucose, rhamnose and 6:4'-dimethyl- 
cuteUarein, Ci^H^gOg, m.p. 218° {see p. 96(Z). 
(Schmid and Rumpel, Monatsh. 1932, 60, 8; 
Merz and Wu, Amer. Chem. Abstr. 1936, 4166.) 

Liquiritin, CjiHjgOg, m.p. 212° (mono- 
hydrate) is a flavanone glycoside found in 
Qlycyrjrhiza glabra {Radix liquiritise). Hydrolysis 
gives d-glucose and liquiritigenin, 7:4'-dihyclroxy- 
flavanone, m.p. 207°. The glucose is attached 
at position 4' (Shinoda and Ueda, Ber. 1934, 
67 [B], 434). 

Lotusin, CgoHgjOigN, m.p. >300°, is a 
cyanophoric glycoside isolated from Lakes 
arabicus by Dunstan and Henry (Proc, Roy. 
Soc. 1900, 67, 224 ; 1901, 68, 374). Its structure 
is still uncertain. Hydrolysis gives d-glucose 
(2 mol.), hydrogen cyanide and lotoflavin, 
..m.p. >200°, probably 5:7:2k4'- 
tetrahydroxyflavone (see Robinson and Venka- 


j3-rutinoside (sjmthesis; Zcmplen and Gerecs, 
Ber. 1937, 70 [B], 1098). 

Luteic Acid is a synthetic glycoside formed 
by the action of Penicillium luieum on tZ-glucose 
(Raistriek and Rintonl, Chem. Zentr, 1932, I, 
1107), Hydrolysis yields ,tZ-glucose (2 mol.) and 
malonic acid (1 mol.). {See also Birldnshaw and 
Raistriek, Biochem. J. 1933, 27, 370 ; Vol. V, 
68a). 

Lycoperdin, Cj3H240gN2, is an amino-sugar 
gl3'cosido found in ” lycoperdon. Hydrolysis 
gives glucosamine (2 mol.) and formic acid 
(1 mol.) ; it reduces Fehh'ng’s solution and gives 
the biuret reaction (Kotake and Sera, Z. pbysioli 
Chem. 1913, 88, 56). 

(For the constitution of glucosamine, see 
Haworth, Lake and Peat, J.C.S. 1939, 271.) 

Malvin, CggHj^Oj^CI (chloride), is an antho- 
cyanin present in the wild mallow, Malva 
sylvestris and in Prirmila viscosa. Hj'drolysis 
gives glucose (2 mol.) and malvidin chloride, 
C^HjgO.CI. The latter is sometimes called 
syringidin chloride, as degradation yields 
syringic acid (3:5-dimethoxygallio acid). 5Ial- 
vidin chloride is the 3':5'-dimethyl ether of 
delphim’din chloride {v. Vol. IH, 554cZ). The 
glucose molecules are attached in positions 3 
and 6 (Kondo, Chem. Zentr. 1930, I, '3193; 
Robinson and Robinson, Nature, 1931, 128, 
413). Malvin has been synthesised by Robinson 
et al. (J.C.S. 1932, 2299). Malvidin {also 
pelargonidin and peonidin) do not give colour 
reactions with ferric chloride and sodium acetate 
in amyl alcohol solution. , ' 

Mecocyanin, C27H34O45CI (chloride), is an 
anthocyanin present in the red poppy {Papaver' 
rhoeas) (Willstatter .and Weil, Annalen, 1917,' 
412, 237 ; Robinson and Robinson, Nature, 
1931, 128, 413). It is cyanidin-3-gentiobioside 
(Grove, Inubuse and Robinson, _J.C.S. 1934, 
1608) and yields on hydrolysis glucose (2 mol.) 
and cyanidin chloride {see Cyaotn). 

. Melilotin (melilotoside), C45Hi80g,H20, m.p, 
240-241°, [a]j) -b68°, is found in the flowers 
of Melilotus altissima and. arvensis (Charaux, 
Bull. Soc. Chim. biol. 1925, 7, 1056).- It is 
hydrolysed by emulsin (and acids) to glucose and 
o-coumaric acid. , ^ 

Methoxyapiin is . a fla/vone glycoside found- 
with apiin {q.v.) in parsley. Hydrolysis 'giyek’ 
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glucose (2 mol.) and methoxyapigenin (dioa- 
metin), the 4‘'-methyl ether of luteoh'n {«ee 
Galuteolin, p. 88) (Von Gerichten, Ber. 1900, 38, 
2334 ; Annalen, 1901, 318, 121). 

Methylarbutin, see Arbutin, p. 36. 

Methylcichoriin, see Cichobiik. 

Monardaein (Salvianin), CggHagOj^Cl 
(chloride), is an anthocyanin present in Monarch, 
didyma (Karrer and Widmer, Heir. Chim. Acta, 
1927, 10, 67, 729). Hydrolysis gives glucose 
(2 mol.), 2>-hydroxycinnamic acid, malonic acid 
and pelargonidin chloride {see Pelargonin, p. 93). 
It appears to he similar to salvianin (from Salvia 
splendens) (Karrer and Widmer, ibid. 1929, 12, 
292). 

Monotropitin (Gaultherin, Monotropitoside), 
Ci 9H2 c 0 i 2,H20, m.p. 92° (179-5° anhydrous), 
[ajjj —57°, is found in various species of Gaul, 
theria and Spiraea. It is hydrolysed by the 
enzyme gaultherase (primeverase) to prime- 
verose (6-^-xylosidoglucose) (u. Vol. II, 3006) ; 
and methyl salicylate. Acid h3’^droly8i8 gives 
glucose, xylose and salicylic acid : 


gMe 


O — primeverose 


(c/. Salicin, Populin and Violutin). 

Monotropitin has been sjmthesiscd (Robertson 
and Waters, J.C.S. 1931, 1881). Both glycosidic 
linkages are of the )3-type. 

Morindin, m.p. 245°, is an anthraquinone 
glycoside found in species of Morinda. Hydro- 
lysis gives glucose (2 mol.) and morindone, 1:5:6. 
trihydroxy-2-methylanthraquinone (Simonsen, 
J.C.S. 1918, 113, 766). 

Myricitrin, C2iH2oOi2. m.p. 200°, found in 
the leaves of the Ehus species and in the bark 
of various Myrica species, is a flavonol rham- 
noside. Hydrolysis gives rhamnose and myri- 
cetin, CjgHjoOg’ “-P* 360°, which is 5:7:3':4':.5'- 
pentahydroxyflavonol (Hierenstein, Ber. 1928, 
61 [B], 361 ; Hattori and Hayashi, Chem. 
Zentr., 1932, 1, 2043). 

Myrticolorin is identical with rutin (p. 95) 
(A. G. Perkin, J.C.S. 1910, 97, 1776). 

Myrtillin, C22H23O12CI (chloride), is an 
anthocyanin occurring in whortleberries ( Vac. 
cinium myrtillus, see Idsein). Hydrolysis yields 
galactose (1 mol.) and myrtillidin chloride, 
CigHigO^CI, the 7-methyl ether of delphinidin 
chloride {v. Vol. HI, 554£Z) (Wdlstatter and Zol- 
linger, .^^alen, 1915, 408, 103 ; 412, 204 j 
Karrer and Widmer, Helv. Chim. Acta, 1927, 
10, 5). 

Naringin, C27H32O14, m.p. 171°, [alu -84°, 
is a flavanone glycoside found in the flowers and 
fruit of Citrus decumana (WiH, Ber. 1885, 18, 
1311). Hydrolysis gives d-glucose, Z-rhamnose 
and naringenin, C15H12O5, m.p. 248°, 5:7:4'- 
tribydroxyflavanone (synthesis : K. W. and 
j5f. Rosenmxmd, Ber. 1S28, 6t [B], 2608}., 
Naringin is hydrolysed by an enzyme in celery 
seed to give naringenin and a disaccharide (Hall, 
Chem. and Ind. 1938, 473). It is the bitter- 
principle of grapefruit {see also ZoUer, Chem. 
Zentr. 1918, TL, 635 ; Asahina and Inubuse, 


Ber. 1928, 61 [B], 1514; Amer. Chem Abstr. 
1929, 23, 3475). 

Nervon, C^gHgiOsN, m.p. 180°, [ajp -4-3° 
(pyridine) and hydroxynrervon, C^gHj^OgN, 
occur in brain {see Klenk and Harle, Z. physiol. 
Chem. 1920, 189, 243; ChibnaU, Piper and 
Williams, Biochem. J., 1936, 30, 100). 

Nodakenin, C2oH2409,H20, m.p. 216°, [0]^ 
4-57°, occurs 'in Beucedanum decursivum. Hy- 
drolysis gives cZ-glucose and nodakenetin, 
C14H14O4, m.p. 185°, [a]D —22°, which is a 
coumarin derivative of rmlmown constitution 
(Arima, Chem. Zentr. 1929, I, 1698; ibid. II, 
753; Spath and Kainrath, Ber. 1936, 69 pS], 
2062). • 

Nucleic Acids, which are found combined 
with proteins in the nucleus of plant and animal 
cells, have been found to contain sugars 
(especially cZ-ribose). Hydrolysis yields various 
flssion products, mcluding purine or pyrimidine 
glycosides {e.g. adenosine, cytidine, etc.). 
These are described imder their own headings. 

CEnin, C23H25O12CI (chloride), is an antho- 
cyanin colouring matter of wine, occurring in 
Vitis vinifera. Hydrolysis yields glucose (1 
mol.) and malvidin chloride, C17H15O7CI, 
(sometimes called oenidin or synngidrn chloride) 
which is also obtained on hydrolysis of malvin 
(p. 91). The glucose is attached to the 
hydroxyl group in position 3 of malvidin chloride 
(Kondo, Chem. Zentr. 1930, 1, 3193). OEnin has 
been synthesised by Robinson (J.C.S. 1931, 
2701). 

Oleandrin (Folinarin). A cardiac glycoside 
{v. Vol. II, 3866, c). 

Ononin, CggHgsOg, m.p. 210°, is an iso- 
flavone glucoside found in the roots of Ononis 
spinosa (Hemmehnayr, Monatsh. 1902, 23, 144 ; 
1904, 25, 555), It is the 4'-methyl ether of the 
glucoside daidzin (p. 87) (Wessely et al., ibid. 
1931, 57, 395 ; Ber. 1933, 66 [B], 685 ; Monatsh. 
1933,63,201). . 

Orobanchin occurs in Orobanche rapum. 
Hydrolysis gives cZ-glucose, Z-rhamnose and 
caffeic acid (Bridel and Charaux, Chem. Zentr. 
1924, II, 850). 

Oroboside, m.p.220°, [aJu —61° (pyridine), is 
a flavone glycoside present in Orobus tuberosus. 
It is hydrolysed by emulsin and is therefore a^- 
glycoside, the products being glucose and ordbol, 
a tetrahydroxyflavone (Bridel and Charaux, 
Compt. rend. 1930, 190, 387). 

Osyritrin is identical with rutin (p. 95) 
(A. G. Perkin, J.C.S. 1910, 97, 1776). 

Ouabain. A cardiac glycoside {v. Vol. H, 
386a). 

Oxycocclcyanin, C22H23O14CI (chloride), is 
an anthocyanin present in the fruit of Oxycoccus 
macrocarpus (American cranberries). Hydrolysis 
yields glucose (1 mol.) and pseonidin chloride 
{vide infra). The glucose is attached to the 
hydroxyl group in position 3 (Grove and Robin- 
son, Chem. Zentr. 1932, II, 3252; Levy, 
Postemack and Robinson, J.C.S. 1931, 2715). 

Peeonfn, C28H330i6Cf (chloride), m.p. 166°, 
is an anthocyanin which occurs in the red 
pmony {Pseonia off.). Hydrolysis gives glucose 
(2 mol.) and pseonidin chloride, CigH430gCI, 
the 3'-methyl ether of cyanidin (in the type 
formula, hy^oxyl groups in positions 3, 5, 7, 4' 



GLYCOSIDES, 


93 


— OCH 3 in position 3')- Tlio glucose molecules 
are attached to the li 3 "droxj'l groups in positions 
3 and 5 (Nolan, Pratt and Eobinson, Un'd. 1920, 
1968; Eobinson and Eobinson, Nature, 1931, 
128, 413 ; Eobinson and Todd, J.C.S. 1932, 
2488 ; purification, Karrer and Strong, Hclv. 
Chim. Acta, 1936, 19, 25). 

Pelargonin, (chloride), ni.i). 

175-lSO'’, is an anthocj^aniu pigment present in 
the scarlet pelargonium, orange dahlia and red 
cornflower. Hydrolj’-sis gives glucose (2 mol.) 
and pelai'gonidin chloride, C^jHjiOjCl. The 
latter has hj'droxjd groups in positions 3, 5, 7 
and 4' in the tj'pe formula ; the glucose mole- 
cules have been shown bj' a 5 mthesis to be 
attached to the hj'droxjds in positions 3 and 5 
(Eobinson, Nature, 19.3G, 137, 94 j Bcr. 1934, 
67 [A], 85). Pelargonin is therefore the 3:5- 
diglucoside of pelargonidin. Pelargonidin is the 
agljmone of other anthocj'anins (c.g. callisteifliin). 

Periplocin is a cardiac gtycosido (i>. Vol. 11, 
3S6c). 

Periplocymarin is a’ cardiac glj^cosidc (v. 
Vol. II, 386a, d). 

Petunin, CogHajOiyCl (chloride), is an 
authocyanin occurring in Petunia hyhrida. m.p. 
178°. Hydrolj’sis gives glucose (2 mol.) and 
petunidin chloride, CjgHjaO-CI, the 3'-methyl 
ether of delphinidin chloride. The sugars arc 
probably' attached to positions 3 and 5 (Bell and 
Eobinson, J.C.S. 1934, 1604). Like delphinidin, 
petunidin is rapidly destroyed by' shaking with 
10 % aqueous caustic soda in the ijrescnco of 
air; most other anthocyanidins are stable. 
These two anthocyanidins are also distinguished 
from others of the group by remaining in the 
acid layer when partitioned between 1 % 
aqueous liy'drochloric acid and a mixture of 
C7/cloliexanol (1 vol.) and toluene (5 vol.) 
(Eobinson et al., ibid. 1930, 793 ; Biochem. J. 
1931, 25, 1687). 

Pharbitinic Acid, occurs in the 

seeds oiPharbitis nil, m.p. 166-162°, [ajj, —47°. 
Acid hydrolysis gives glucose, rhamnoso and 
ipurolic iicid, C 14 H 08 O 4 , 2 : 10 -dihydroxymyristic 
acid, 

CH3-[CH„]„-CH (OH)-[CH„VCH (OH) 

•CH„CO„H 

(Asahina et al., J. Pharm. Soc. Japan, 1919, 
452, 821 ; 1922, 479, 1 ; 1926, 520, 616). 

It is interesting to note that in the blossoms 
of Pharhitis nil the glycosides present are 
anthooyanins (pelargonin, preonin) (Kataoka, A., 
1936, 1307). - 

Phloridzin, Co 4 H 240 i 5 * 2 H„ 0 , m.p. 109° 
(anhy'drous, 171°), [a]p —60°, occurs in the bark 
and root bark of many fruit trees (apple, pear, 
plum, cherry, and also in Posaceic and Ericaceie 
(Bridel and ICramer, Chem. Zentr. 1932, 1, 396) 
and in the leaves of Kahnia latifolia [idem., ibid. 
1933, II, 3289). There has heen much contra- 
dictory evidence concerning the aetion of 
emulsin upon phloridzin (]\Ioelwyn-Hughes, J. 
Gen. Physiol. 1930, 13, 807; Bridel, Bull. Soc. 
Chim. biol. 1930, 12, 921), the low solubility in 
water making the action difificidt to detect with 
certainty. Hydrolysis by acid yields glucose 
and pldorotin (c/. GlycyphyHin), m.p, 248°, a 
derivative of phloroglucinol (critical increment 


for the hynlrolysis, 22,920 g.-cal. ; sec Moelwyn- 
Hughes, 'J’rans. Faraday' Soc. 1929, 25, 603). 





COCH„-CH 


O — ^glucose 



Phloridzin. 


For synthesis, see Fischer and Nouri, Ber. 
1917, 50, Oil. The position and pywanoso 
structure of the sugar have been proved by 
racthylation and hydroly'sis (Miillcr and Eobert- 
son, Chem. Zentr, 1933, IT, 3288). Injected 
internally in animals, phloridzin causes gly- 
cosuria ; symthotio phloroglucinoI-)3-glucosido is 
similar in its action, 

Phrenosin (corebron), m.p, 212°, [a]D -}- 8 ° 
(CHCI3), a galactolipin occurring in brain and 
nerve material. 

Phyl Ian thin is a cy'anophoric glucosidc found 
in the loaves of Phyllantlius gasslroemi. It is the 
glucosidc of ^i-hy'droxy'mandclonitrile (c/. 
Zicrin, p. 98). It is hy'drolysed by emulsin 
(Finncmorc, Eoichard and Large, 1937, A., II, 
136). 

Phytosterolin (Gloriosol), CggHgoOg, m.p. 
285-290°, is a glucosidc of Phytostcrol, a 
mixture of sterols. It occurs in the wheat 
germ and in other sources (Nakamura and Ichiba, 
Chem. Zentr. 1931, I, 3015) (c/, Sitosterolin, 
p. 966, and Spinastcrolin, p. 96c). 

Picein, Piceoside (Salinigrin, Ameliaroside, 
Salicincrin), Ci 4 Hig 07 , m.p. 194°, [aln — 89°, 
a glucosidc in the. bark of Picca excelsa, and 
Salix discolor. It is hydroly’sed, by emulsin 
and by acids, to glucose and p-hy'(h'oxyacoto- 
phenone, m.p. 109° (Eabate, ibid. 1930, II, 246 ; 
Jowett, J.C.S. 1932, 721). For sy'nthcsis, sec 
Mauthnor, J. pr. Chem. 1913, [ii], 88 , 764. 

Picrocrocin, CigHogOy, m.p.- 156°, [aJu 
—58°, is a terpene glucosidc found in the Crocus 
species, Hydroly'sis gives d-glucose and safronal 
(dohy'dro-j5-cyc7ocitral), C 4 QH 44 O, 


HgC 


CMeo 
/ \“ 

CCHO 


Hi 


CMe 
CH 


(Kay'ser, Bor. 1884, 17, 2228 ; Wintorstein, Helv. 
Chim. Acta, 1922, 5, 376 ; Lutz, Biochem. Z. 
1930, 226, 97). The true aglucone appears to 
bo hydroxy'-jS-cyc7ocitrnl, and during hy'drolysis 
a molecule of water is eliminated (Kuhn and 
Winterstein, Bor. 1934, 67 [B], 344). The 
glucosidic link is probably' of the j3-typo and 
accounts for the low rotation. Its relation to 
the carotenoid plant pigments is interesting 
(c/, Vol. Ill, 4296). 

Populin, CjoHjgOg, benzoylsalicin, m.p. 180° 
[a]p —63°, is present in the bark of various 
species of poplar (see Salicin, p. 95a). Hydro- 
lysis gives glucose, benzoic acid and saliginin ( 0 - 
hydroxybonzyl alcohol). Oxidation gives ben- 
zoylhelicin ; the benzoyl group must therefore 
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be attached to the sugar and not to the 
— CHg’OH group of salicin (c/. Monotropitin, 
p. 92a, and Violutin, p. 98a). 


CHg-OH 


O— henzoyJglucose 


Oxid. 
^ 


CHO 

O — henzoylglucose 


The benzoyl group appears to be attached to 
Cg on the glucose molecule (Ilichtme3'er and 
Yeakel, J. Ajaer. Chem. Soc. 193i, 56, 2495). 

Populin is not hydrolysed by emulsin, presum- 
abty owing to the presence of the benzoyl group. 
It has been reported that an enzj’mo from 
Populus monilifera hydrolyses it to salicin and 
benzoic acid (Weevers, Proc. K. Akad. Wetensch. 
Amsterdam, 1909, 12, 193) and taka-diastase to 
saligenin and a henzoylglucose (Eatsato, 
Biochem. Z. 1927, 190, 109). It is hydrolysed 
completely by the bacteria in cheese. 

Populnin occurs in the petals of the Indian 
tulip, Th^pesia populnea (Neelakantam and 
Seshadri, 1938, A., n, 394).' 

Prlmulaverin and Primeverin, C2oH280j3, 
are isomeric glycosides found in the roots of 
Primula officinalis (Goris and Mascre, Compt. 
rend. 1910, 149, 947; Goris and Vischniac, l.c. 
1919, 169, 871). Primulaverin has m.p. 160°, 
[a]i, —67°, and hydrolysis by the enzyme 
primeverase gives primeverose {see Monotro- 
pitin, p. 92a) and methyl 6-methoxysalicylate. 
Primeverin has m.p. 203°, [a]j, —71-5° and 
gives on hydrotysis primeverose and methyl 4- 
methoxysalicylate (Jones and Robertson, J.C.S. 
1933, 1618), 

Proscillaridin A, a cardiac glycoside {v. 
Vol. II, 387a). 

Pru 1 au rasi n , dZ-mandelonitrile-jS-glucoside, 
m.p. 123-125°, [a]D —53°, is isolated from Prunus 
laurocerasus (CaldweU and Courtauld, J.C.S. 
1907, 91, 671) and is also formed by partial 
hydrolysis of racemic amygdalin (tVoamygdalin) 
{q.v.) by the enzyme prunase present in yeast 
(c/. Prunasin and Sambunigrin ; see also Pischer 
and Bergmann, Ber. 1917, 50, 1047). 

Prunasin, Z-mandeIonitrile-)3-glucoside, m.p. 
148°, [a]j) —27°, occurs in Prunus species, in 
Photinia serrulata and Eremophila maculaia 
(Power and Moore, J.C.S. 1910, 97, 1099 ; 
-Finnemore and Cox, Chem. Zentr. 1933, 1, 1793). 
It is also formed by partial hydrolysis of 
amygdalin {q.v.) by the enzyme prunase, present 
in yeast and in emulsm (from bitter almonds). 
{See Fischer and Bergmann, l.c.) 

Punicin, obtained from Punica granatum, 
■appears to be identical with pelargonin (p. 93a) 
(Karrer and Widmer, Helv, Chim. Acta, 1927, 
10, 67). 

. Purpurea Glycoside A, is an 

amorphous cardiac glycoside obtained from the 
leaves of Digitalis purpurea. Enzymic hydroly- 
•sis gives digitoxin and glucose, while acid 
•hydrolysis gives glucose (1 mol.), digitoxose 
(3 inol.) and the steroid digitoxigenin, 


m.p. 250° (StoU and Kreis, Helv. Chim, Acta,- 
1935, 18, 120 ; v. Vol. II, 385). 

Purpurea Glycoside B, is a 

second amorphous cardiac glycoside obtained 
by StoU and Kreis {l.c.) from the leaves of 
Digitalis purpurea. Enzymic hydrolysis gives 
gitoxin and glucose. Acid hydrolysis gives 
glucose (1 mol.), digitoxose (3 mol.) and the 
steroid gitoxigenin, .CgsHg^Og, m.p. 235° (c/. 
Purpurea Glycoside A, above). 

Quercimeritrin, C21H20OJ2, m-P- 245°, is a 
flavonol glycoside obtained from the flowers of 
Indian cotton {Gossypium herbaceum). Hy- 
drolysis gives glucose and quercetin {v.' infra) 
(A. G, Perkin, J.C.S. 1909, 95, 2181). The sugar 
is attached to position 7 (Attree and Perkin, 
ibid. 1927, 234). 

iso-Quercimeritrin is a flavonol glycoside 
which accompanies quercimeritrin in Indian 
cotton flowers. It is the 3-)3-glucoside of quer- 
cetin (Attree and Perkin, l.c.). 

Quercitrin, C21H20O11, m.p. 176°, is a 
flavonol glycoside found in oak bark {Quercus 
tinctoria), which is still used, after drying and 
grinding, as a dye for sUk and- wool. It occurs 
also in the horse-chestnut and in tea. Hydrolysis 
gives rhamnose and quercetin, CjgHjpO^, 
5:7:3':4'-tetrahydroxyflavonol, m.p. 314° (Asa- 
hina, Nakagame and Inubuse, Ber. 1929, 62 [B], 
3016 ; J. pr. Chem. 1923, [ii], 106, 1). Complete 
methylation of quercitrin by diazomethane, 
foUowed by hydrolysis of the sugar group, gives 
■5:7:3':4'-tetramethylflavonol ; the sugar is there- 
I fore attached in position 3 (Attree and Perkin; 

1 1.C.). 

Quillaia-Saponin, CsgHggOij. m-P-, 207°, 
found in Quillaia saponaria, is of the hederin type 
(p. 89d) (Ruzicka ei al., Helv. Chim. Acta, 1932, 
15, 431). Hj’^drolysis yields glucm-onic acid and 
quiUaia sapogenin, C29H4eOg, m.p. 294° 
(Windaus, Chem. Zentr. 1926, I, 1815; Z. 
physiol. Chem. 1926, 160, 301). 

Rhamnazin, C23H22O12. is a flavanol gly- 
coside occurring with xanthorhamnin (p. 98a) 
in berries of the RJiammis type. Hydrolysis 
gives glucose and rhamnazetin, 7:3 - 

dimethylquercetin, m.p. 215° {see Quercitrin) 
(Perkin and Martin, Chem. Zentr. 1897, II, 313; 
Perkin and Allison, ibid. 1900, II, 1243). 

Rhamnicoside occurs in Rhamnus cathartica. 
It is a primeveroside {see Primulaverin) of 
pentahydroxy-2-methylanthraquinone (Bride! 
and Charaux, Compt. ’ rend. 1925, 180, 1047, 
1219 ; Ann. Chim. 1925, [x], 4, 79). ^ 

Robinin (robinoside), C33H40O19, m.p. 197, 
is a flavonol glycoside from the flowers of 
Robinia pseud-acacia, in which acaciin {q.v.) also 
occurs, and in Vinca minor. Hydrolysis yields 
galactose (1 mol.), rhamnose (2 mol.) and 
k^mpferol (p. 90tZ). The sugars are present 
as a trisaccharide, robinose (Charaux, Bull. Soc. 
Chim. biol. 1926, 8, 915; Chem. Zentr. 1932, I, 
1908). Hydrolysis of rohinin by enzymes gives 
k»mpferol and robinose. Other workers have 
isolated ksempferol Z-rhamnoside and a disac- 
charide, rohinobiose, which is Z-rhamnosido-cZ- 
galactose (Zemplen and Gerecs, Ber. 1935, 68, 
[B], 2054). ■ J 

Ruberythric Acid, C25H26O13, m.p. 258- 
260°, the anthraquinone glycoside, is 2-j3-prime 
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verosido-alizarin (Jones and 'Robertson, J.C.S. 
1933, 1167; Richter, ibid. 1930, 1701). It 
occurs in llubia Ihidorum. 

Rutin (Sopliorin, Osyritrin, Violn-quercitrin) 
is a flavonot glj'cosido found in llnla gravcolens 
and other plants ; on hydrolysis it jdelds glucose, 
rhaiunoso and quercetin (p. 94c). The sugars 
are combined in the form of a biose, rutinosc 
(obtained by enzymic hydrolysis), attached to 
the 3-hydroxyl group in quercetin. Rutinosc 
is j5-Z-rhamnosido-6-d-glucosc (Zemplen and 
Gcrecs, Bcr. 1935, 68 [B], 1318). (See aho 
Attree and Pcrldn, J.C.S. 1927, 234.) 

Sakuranin, C22H24O10, m.p. 212°, Md 
— 100°, is a flavanone glycoside found in the 
bark of the Japanese cheny {Prunvs yedeensis). 
Its constitution is not yet known ; the aglyconc 
is sakuranetin, 7-mcthylnaringenin (p. 925) 
(Shinoda and Sato, Amcr. Chem. Abstr. 1928, 
22,2947; 1929,23,2950). 

. Salicin, CjjHjgO,, m.p. 201°, —02-5°, 

is found in -willow bark (Salix helix] and other 
species of salix. Ilydrolysis yields glucose and 
saligenin, o-hj'droxybenzyl alcohol, m.p. 86°; 
salicin is o-hydroxybenzyl-^-glucoside (Piria, 
Ann. Chim. Pharm. 1845, 56, 35). Its bcnzojd 
derivative, populin, occurs naturally (c/. also 
Monotropitin and Violutin). It is hydrolysed 
by emulsiu and also by a specific enzyme, 
salicase, found in the leaves and twigs of -ndllows 

— glucose 
Salicin. 

(Sigmund, Monatsh. 1909, 30, 77). Salicin has 
long been used medicinally for fever and for 
rheumatism. The enzymic fission of salicin 
in heavy water has been studied by Steacie 
(Z. physikal. Chem. 1935, B, 28, 236). The rate 
of hydrolysis by acid has been measured by 
Moel-wyn-Hughes (Trans. Faraday Soc. 1929, 
25, 503). 

Salicinerin, see Picein (p. 93ci!). 

Salinigrin, see Picein (p. 93d). 

Salireposide, CaoHjjOj, m.p. anhyd. 206°, 
[aln — 36‘78°, occurs in salix species. Hydro- 
lysis gives d-glucose, benzoic acid and salirepol, 
C^HgOg, probably 2 ; 5-dihydroxybenzyl alcohol 
(Wattiez, Bull. Soc. Chim. biol. 1931, 13, 658 ; 
c/. Rabate, ibid., 1935, 17, 314). 

Salvianin, see Monardajin. 

Sambucin is an anthocyanin occurring in 
elderberries (Sainbucus nigra) and is apparently 
identical with chrysanthemin (g'.u.) (Nolan and 
Casey, Amer. Chem. Abstr. 1932, 26, 497), 

Sambunigrin, Z-mandelonitrile - jS - glucoside, 
occurs in the leaves of Sambucus nigra (common 
elder) and Acacia glaucesens (Bourquelot and 
Danjou, Compt. rend. 1905, 141, 698; Finne- 
more and Cox, Chem, Zentr. 1930, I, 1806). 
The ^ related compound, Z-mandelonitriIe-/S- 
gentiobioside (c/. Amygdahn), has not been 
foimd in nature (c/. Prunasin and Prulaurasin). 
(See Fischer and Bergmann, Ber. 1917, 50, 1047.) 

Sapindus-Saponin is found in Sapindus 
mukorossi, etc. (Winterstein and Meyer, Chem. 
Zentr. 1931, II, 1582 ; Kitsato and Sone, ibid., 
1932, II, 1787). It is of the hederin type (g.v.). 


Saponarin, CjiHjiOij.ZHjO, m.p. 236°, is a 
flavonol glycoside occurring in the soap plant 
(Saponaria off.). Hydrolysis gives glucose and 
vitexin, C15H14O7, m.p. 260°, 6:7:4'-trihydroxy 
2:3:6:74otrnhydrollavonol (Barger, Ber. 1902, 
35, 1296 ; J.C.S. 1906, 89, 1210). 

Sarmentocymarin. A cardiac glycoside (u. 
Vol. II, 3866). (See also Tschesche and Bohle, 
Ber. 1936, 69 [B], 2497.) 

Sarsaponin (IParillin) is a saponin isolated 
from the Me.xican sarsaparilla root. Radix 
sarsajiarillve (Jacobs and Simpson, J. Biol. 
Chem. 1934, 105, 601). The probable molecular 
formula of sarsaponin is C45H74O17. Hy- 
drol}'8iS gives glucose (2 mol.), rhamnose (1 
mol.) and a sterol, Sarsapogenin (parigenin), 
Cj^H^jOg, jn.p. 199°, The last appears to 
differ from tigogenin (see Tigonin) only in 
the cis-trans relationship of the ring S3'stem8, 
but the structure is not jmt definitely proved 
(see Simpson and Jacobs, J. Biol. Chem. 1935, 
109, 573; 1935, 110, 665; Askew, Farmer and 
Kon, J.C.S. 1936, 1399; Farmer and Kon, 
ibid. 1937, 414). 

Scillaren A and B. Cardiac glycosides (u. 
Vol. II, 387a). 

Scopolin, CgoHjgOj^, m.p. 218°, occurs, with 
methyl cichoriin, in Scopolia japonica. Hy- 
drolysis gives glucose (1 mol.) and Scopolelin 6- 
raethoxy-7-hj'droxy-coumarin (Soka and Kallir, 
Ber. 1931, 64, 909 ; Head and Robertson, Chem. 
Zentr. 1931, II, 851). The glucose is attached 
to position 7 (Merz, 1933. A., 72). 


CH 

M eOr ^ H 


HO' 


O 

Scopoletfn. 




Scutellarin, Cg^NggOgj, m.p. above 310°, 
is a llavono glycoside occurring in the leaves of 
Scutellaria baicalensis and in the flowers of 
Scutellaria altisshim.. Hydrolysis gives glu- 
curonic acid and Scutellarein, 4'-hydroxybaica- 
lein.' This is of interest in that baicalein occurs 
in the roots of Scutellaria baicalensis, joined to 
glucuronic acid (see Baicahn) (Robinson and 
Schwarzenbach, J.C.S. 1930, 822). ScuteUarin 
is hydrolysed by baicalinase (Miwa, Amer. 
Chem. Abstr. 1932, 26, 4349). 

Serotrin, has been de- 

scribed by Power and Moore (J.C.S. 1910, 97, 
1099) as a flavonol glycoside present in Prunus 
serolina (wild black cherry). Hydrolysis yields 
glucose and quercetin. 

Sinalbin, C3 qH420i 5S2^2>®^2^» m.p. 84° 
(anhyd. 140°), [ajjj —8°, is a mustard-oil gluco- 
side occurring in white mustard seed (Sinapis 
alba; cf. Sinigrin from Sinapis nigra). Hydro- 
lysis by the enzyme myrosinase gives d-glucose, 
sinalbin mustard-oil (^j-hydroxybenzyl iso- 
thiocyanate) ' and sinapin hydrogen sulphate. 
Sinapin is an ester of choline and sinapic acid. 


HO 


MeO 

/~ \ 

MeO 


i—CH :CH-C0-0-CH2-CH2-NMea0H 



96 


GLYCOSIDES. 


(Gadamer, Ber. 1897, 30, 2327). Sinalbin and 
sinigrin appear to be /3-glucosides (Schneider, 
Fischer and Specht, Ber. 1930, 63 [B], 2787). 

Sinigrin, CjoHjg 09 S 2 NK,H 20 , m.p. 127® 
(anhyd. 132°), [a]jj —18°, is a mustard-oil 
glucoside found in black mustard seed {Sinapis 
nigra) and in Cochlmria armoracia. It is 
hydrolysed by baryta or by an accompanying 
enzyme, myrosinase (and by no other known 
enzyme) to d-glucose, aUyl isothiocyanate and 
potassium hydrogen sulphate (Herissey and 
Boivin, Bull. Soc. Chem. biol. 1927, 9, 947). 

^ ^O-SOaK 


CH 2 :CH-CH 2 -NCS-hKHS 04 +glucose 


The sulphur appears to have replaced the oxygen 
in the glucosidic hydroxyl group, as thioglucose 
is obtained by treatment with potassium 
methoxide (Schneider and Clibben, Ber. 1914, 47, 
2218, 2225). The glucosidic linkage is probably 
of the /S-t^e (see Schneider ef al., Naturwiss. 
1930, 18, 133 ; Ber. 1930, 63 [B], 2787). Most 
mustard oils cause local inflammation of the skin 
and irritation of the mucous membrane. In- 
temally, the effect is to stimulate the secretions 
and in larger doses to excite and finally paratyse 
the central nervous system. 

Sitosterolin (Ipuranol), CggHggOg, m.p. 
300-305° found in various plant sources, 
notably in olive bark, in Ipomoea purpurea, etc. 
It is a glucoside of sitosterol, an Ul-defined mijc- 
ture of sterols {see Anderson and Shriner, J. 
Amer. Chem. Soc. 1926, 48, 2976, 2987). {Gf. 
also Phytosterolin and Spinasterolin ; see 
also Bernstein and Wallis, J. Org. Chem. 1937, 
2, 341). 

Skimmin, Ci 5 Hjg 08 ,H 20 , m.p. 210°, is a 
coumarin glycoside from Sldmmia japonica. 
Hydrolysis yields <Z-gIucose and Skimmelin 
(umbeUiferone), CgHgOg, 7-hydroxy-coumarin, 
m.p. 224° (Eijkman, Rec. trav. chim. 1884, 3, 
204). 


glucose — O 


CH 

t 

CO 


Skimmin. 


UmbeUiferone occurs widely in species of the 
Umbelliferse. 

Solanine is the name given to a group of 
glycosides derived from plants of the Solanum 
genus. They are interesting in that they con- 
tain nitrogen and form a link between the 
alkaloids and the saponius. The best character- 
ised is solanine-f, C 4 gH 730 i 5 N, from the sprouts 
of Solanum tuberosum (potato) ; the aglycone 
Bolanidine is also present (Oddo and Caronna, 
Ber. 1934, 67 [B], 446). Hydrolysis gives 
glucose (1 mol.), galactose (1 mol.), rhamnose 
(1 mol.) and solanidine, C 27 H 43 ON. The last 
appears to have a structure di&ring in the side 
chain from cholesterol. Provisional formulEe 
have been suggested (Soltys and WaUenfels, ibid. 


1 1936, 69 [B], 811 ; Clemo, Morgan and Eaper, 

I J.C.S. 1936, 1299). 

Solanocapsine occurs in the leaves of 
Solamim pseudocapsicum (Barger and Fraenkel- 
Conrat, J.C.S. 1936, 1537). It is of the solanine 
type (g.v.). 

Sophorin has been shown to be identical 
with rutin (p. 95ti) (Meulen, Rec. trav. chim. 
1923, 42, 380). 

a-Sorinin, C 24 H 28 O 44 , m.p. 159°, is found in 
the bark of Rhamnus japonica (Nikuni, 1938, A., 
n, 173). Hydrolysis yields primeverose {see 
Primulaverin) and a-sorigenin, CigHigO-, m.p. 
227-229°. 

Spinasterolin, C 34 H 5 gOe, m.p. 280°, is a 
glucoside of spinasterol, a sterol of imknown 
structure (Heyl and Larsen, Chem. Zentr. 1934, 
n, 447 ; Simpson, J.C.S. 1937, 730). 

I--Strophanthin-S. A car^ac glycoside (v. 
Vol. n, 3856). 

Syringaic-Acid Glucoside, CigHggOig, m.p. 
225°, [a]]) —18°, occms in Robinia pseud-acacia. 
Syringaic acid is 3:5-dimethylgallic acid (see 
Syringin) (Fischer and Bergmann, Ber. 1918, 51, 
1804). 

Syringin, Ci 7 H 240 g-H 20 , m.p. 191-192°, 
[“Id —17°, is found in the bark of Syringa 
vulgaris, LigUsirum vulgare and in jasmin. 
Hydrolysis by emulsin gives glucose and 
syringenin, methoxy coniferin (v. Vol, HI, 
324). 


O — ^glucose 



CHiCH-CHg-OH 

Syringin. 

Oxidation gives syringaic acid (see above), 
Syringin has been synthesised (Pauly and Strass- 
berger, Ber. 1929, 62 [B], 2277). The acid 
corresponding to syringenin occurs in sinalbin 
{v. supra). 

Tagetes patuia (African marigold) contains 
a glucoside which on hydrolysis yields glucose 
and quercetagetin (5:6:8;3':4'-pentahydroxyfla- 
vanol (c/. gossypetin from gossypitrin, Vol. HI, 
406c) (A. G. Perkin, J.C.S. 1913, 103, 209). 

Tannin, Chinese, is obtained from Rhus 
semialdia. It is probably not homogeneous. 
Hydrolysis gives gallic acid (9-10 mol.) and 
d-glucose (1 mol.). FTo eUagic acid has been 
found (c/. Tannin, Turkish). 

Tannin, Turkish, [a]p c. -}-5°, gives on 
hydrolysis gallic acid (5 mol.) and d-glucose 
(1 mol.). If is probably not homogeneous. 
A small amount of ellagic acid is also obtained 
on hydrolysis {see Fischer and Freudenberg, 
Ber. 1914, 47, 2485 ; Karrer, Widmer and Staub, 
Annalen, 1922, 433, 288), EUagic acid ako 
occurs, joined to d-glucose, in Knoppern-tamun, 

Tectoridin (Shekanin), CggHgaOji, m.p- 
258°, [ajp —29°, is an tsoflavone glucoside found 
in the rhizomes of Iris tectorum and Befamcanda 
chinensis. Hydrolysis gives d-glucose and tectori- 
genin, CigHjaOg, m.p. 227°, 5:7:4'-trihydroxy- 
6-methoxy£soflavone (c/. Iridin) (Asahina, Shi- 
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bata and Ogawn, J. Pharm. Soc. Japan, 1928, 
48, 1087 ; Mannicb and Schumann, A. 1937, II, 
276. ' 

Tetrarin, CjoHgjOjj. m.p. 205°, occurs in 
Ciiinese riiubarb (v. ^-Glucosido-Gallic Acid). 
Hydrotysis gives d-glucoae, cinnamic acid, gallic 
acid and rheosmin, CjqHjjOo, m.p. 79-5°, of 
unlmouTi constitution (Gilson, Chem. Zentr. 
1903, I, 722). 

Thevetin, C^jHjoOjg, is a cardiac glycoside 
found in the seeds of Thevitia ncnifolia (“ be- 
still nuts ”). Hydrolysis appears to give 
glucose (2 mol.) and digitaloso (1 mol.), and a 
sterol, ihevetigenin, C23H34O4, knoum only as 
the anhj'dro-compound, m.p. 218-220° (sec 
Tschcsche, Ber. 1936, 69 [B], 2368). 

Thymidine is a pyrimidine nucleoside, ob- 
tained by hydrolysis of nucleic acids. It is 3- 
thymine deox3’’-d-ribofuranoside (thymine is 
2:4-dihydroxy-5-methjdp3nrimidinc). Other de- 
oxyribose nucleosides are Imown (see Deoxyade- 
nosine) (Levene and Tipson, Science, 1935, 
81, 98). 

Tigonin is one of the several saponins wliich 
occur with cardiac glycosides in the leaves of 
Digitalis purpurea. The aglycono was isolated 
from this source by Jacobs and Fleck (J. Biol. 
Chem. 1930, 88, 545). The separation of the 
glycoside itself from the saponins with which 
it occurs (digitonin, gitonin, etc.) is very 
difficult ; it is therefore fortunate that the only 
saponin in the leaves of D. lanata is tigonin, and 
pm’ification is effected by means of its cholesterol 
addition product (Tschesche, Ber. 1930, 69 [B], 
1665). Tigonin has probably the molecular 
formrda CggH92027, m.p. 200°. Hydrolj'sis 
yields glucose (2 "mol.), galactose (2 mol.), 
xylose (1 mol.) and a sterol, ligogenin, C27H44O3, 
m.p. 204°. The last compound has been 
assigned a structure closely similar to that of 
digitonin (p. 87), but having no hj'droxyl groups 
in positions 2 and 0 (see Tschesche, l.c.). It may 
be noted that one hydro.xyl group (on Cg) only 
is present and the position of attachment of the 
sugar residues is therefore established. 

Toringin, CjiHgoOg, is a flavone glycoside, 
m.p. 240°, isolated from Pyrus toringo. Hydrolysis 
gives glucose (1 mol.) and chrysin, CJ5H4QO4, 
6:7-dihydroxyflavone, m.p. 275°, which occurs 
in the buds of several varieties of poplar 
(Piccard, Ber. 1873, 6, 884 ; Emilewicz, Kosta- 
necki and Tambor, ibid. 1899, 32, 2448 ; Kosta- 
necki and Lampe, ibid. 1904, 37, 3167). 

Typha-Glucoside, C22H22O12. is a flavonol 
glucoside found in Typha angmlata and in the 
Indian dye Asbarg (g.v.). Hydrolysis gives 
glucose and *5orhamnetin, C46H42O7, 3'-methyl- 
quercetin, m.p. 307° (Fukuda, Chem. Zentr. 
1928, I, 2100). 

Urechitin, Urechitoxin. Crystalline cardiac 
glycosides (v. Vol. II, 387c). 

Uridine is a pyrimidine glycoside (c/. 
Cytidine) formed by hydrolysis of yeast-nucleic 
acid. It is S-uracil-d-ribofuranoside. In the 
nucleic acid, phosphoric acid is esterffied in 
position 3 of the sugar. Pyrimidine glycosides 
are in general much more resistant to hydrolysis 
than purine glycosides (e.g. adenosine) and it is 
frequently necessary to hydrogenate before 
hydrolysis to obtain the sugar unchanged 

Vol. VI.— 7 


(Levene and Tipson, J. Biol. Chem. 1934, 104, 
385; 105,419). 


d-ribose- 


NH— CO 

/ \ 


CO 

\ 

— N- 


CH 

-CH 


Uridine. 


Uzarin. A cardiac glycoside (v. Vol. II, 
386(7). , 

Vaccinin, CjaHjgO-, [a]j) +48°, is obtained 
as a sj’^rup from whortleberries ( Vacciniutn vitis- 
idma). It is probably 0-benzoylglucose (Brigl 
and Zerrweek, Z. physiol. Chem. 1934, 229, 
117); the benzoyl group is not in position 1, 
as vaccinin is rediicing and forms a phenyl- 
hydrazone, but no osazone. Thus vaccinin is 
strict^ not a glucoside, hut an ester of gluCose. 

Verbenaloside(verbenalin),C47H24O40, m.p. 
180°, [a]i, —181°, was first isolated from the 
flowers of Verbena off. (Bourdier, A. 1908, i, 
197). Hydrolysis bj’’ emulsin or by dilute aci(i 
yields glucose and verbenalol, CJ1HJ4O5, m.p. 
140-5°, [a]D —29°, the structure of which is not 
yet laiown (see Cheymol, Bull. Soc. chim. 1938, 
[v], 5, 633). 

Vicianin, CjgHggOjgN, m.p. 147—148°, [ajp 
—21°, is a cyanophoric gl3moside found in the 
seeds of wiffi vetch (Vicia angustifoUa). It is 
accompanied by an enzyjne, vicianase, b3’' which 
it is hydrolysed to vicianose (a disaccharide), 
bcnzaldehyde and hydrogen cyanide. Vicianose 
is hydrotysed by acids and by emulsin to d- 
glucose and 7-,arabinose, and has been shown to 
be 6-()5-7-arabinosido)-fi-glucoso (Helferidi and 
Bredcrick, Annalen, 1928, 465, 166). Vicianin 
is therefore analogous to amygdalin (q.v.), one 
molecule of (7-glucose being replaced by I- 
arabinose. 


OHH OH 

, ^ I I I I I J5 

)CH(CN)0—C—C—C—C—C—CH,—0—C- 

I ‘ 1 ( I lift 

H H OHH H H H OHOH 

4 MtnddoniUile d Glucose. 7>Arabinosc 



Vicianin 


Vicianose occurs also in the glycosides Violuto- 
side and Gein (q.q.v.). 

Vicine, C4oHieN407> is 2:5-diamino-4:6- 
dioxypyrimidine glucoside, isolated from vetch 
seeds (together with convicine, p. 86(7) by 
Ritthausen (J. pr. Chem. 1870, [ii], 2, 333). 
The structure below has been assigned by 

N-CO 

^ \ 

H2N-C CH-NHa 

\ / 

(7-glucose N-CO 

Vicine. 

Levene (J. Biol. Chem. 1914, 18, 305. See also 
ibid. 1916, 25, 607 ; Herissey and Cheymol, 
Compt. rend. 1930, 191, 387 ; Bull. Soc. Chim. 
biol. 1931, 13, 29 ; Fisher and Johnson, J. Amer. 
Chem. Soc. 1932, 54, 2038). 
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Violanin, CggHa^O^gCI (chloride), is an 
anthocyanin present in Viola tricolor. Hy- 
drolysis yields glucose (1 mol.), rhamnose (1 mol.), 
^)-hydroxycinnamic acid and delphinidin chloride 
{see Delphinin). The sugars appear to be present 
as glucosido-rhamnose, attached to position 3 
in delphim'din (Wihstatter and Weil, Annalen, 
1916, 412, 178 ; Karrer and Benz, Heir. Chim. 
Acta, 1933, 16, 287). 

Violaquercitrin is identical with rutin 
(p. 95a ) (A. G. Perkin, J.C.S. 1910, 97, 1776). 

Violutin (Violutosidc), m.p. 169°, [a]p —35°, 
is found in Viola cornuta. Hydrolysis gives 
glucose, arabinose and methyl salicylate (Picard, 
Compt rend. 1926, 182, 1167). The arabinose 
and glucose are present as the disaccbaride 
vieianose, 6-(^-Z-arabinosido)-d-glucose, which 
is found also in vicianin and gein (Robertson 
and Waters, .J.C.S. 1932, 2770). The structure 
is therefore : 




OH^ OH 
I 


OHH H 


CH-C-C-C-C-CH,— O-C-C— C-C-CH, 

i I ! I ! I ' I 

H OHH H OHOH 

rf-ClucMc /-AriMnoH. 


(c/. Monotropitin, Populin and Salicin). Violutin 
has been synthesised from methyl salicylate-2:3: 
4-triacetyl-^-glucoside and triacetyl-arabinosyl 
bromide (Robertson and Waters, l.c.). Both 
glycosidic linkages appear to be of the ^-type. 
It is hydrolysed by emuLsin. 

Xanthorhamnin, 034^144021, is found in 
berries of the Rliamnus type, which are used for 
dyeing as “ yellow berries ” or “ Avignon 
berries.” It is a flavonol glycoside, giving on 
hydrolysis by the enzyme rhamninase (present 
in the plant), rhamninosc (a trisaccharide) and 
rhamnetin. Rhamninosc is hydrolysed by 
acids to galactose (1 mol.) and rhamnose (2 mol.) 
(c/. robinose Rom robinin). Rhamnetin is 7- 
methylquercetin (see Quercitrin) and the sugar 
residue is attached to position 3 in the glycoside 
(Tanret, Bull. tSoc. chim. 1899, [iii], 21, 1073 ; 
Robinson and Robinson, Biochem. J. 1933, 27, 
206). 

Xanthosine is a purine nucleoside, probably 
xanthine-9-ribofuranoside {see Gulland, Hoh'day 
and Macrae, J.C.S. 1934, 1639). Xanthine is 
2 .' 6-dioxypurine. 

Zierin, m.p. 156°, [ajp -29-5°, is a cyano- 
phoric glucoside, found in the flowering tops 
of Zieria Isevigata. It appears to be the glucoside 
of iw-hydroxyraandelonitrile. It is hydrolysed 
by emulsin to glucose, hydrogen cyanide and 
TO-hydroxybenzaldehyde (Fiimemore and Cooper 
A., 1937, n, 136) (c/. Phyllanthin). 

G. T. Y. 

G LY C YM ER I N . A crystalline lipochrome, 
m.p. 108-115°, isolated from the foot of the 
mollusc Pentunculm glycymeris. Its formula 
has not been determined but it has been identi- 
fied as a carotenoid by its absorption spectrum, 
and colour reactions with sulphuric acid (Lederer, 
Compt. rend. Soc. Biol. 1933, 113, 1015; Fabre 
and Ljderer, Bull. Soc. Chim. biol. 1934, 16, 105). 

• I. M. H. and F. S. S. 

GLYCYRRHETIN, glycyrrhetic acid, 
G32H48O7, fhe aglucone of glycyrrhizin. The 
latter consists of the potassium and calcium salts 


of glycyrrhizic acid, C44Hc40ie, present to the 
extent of about 6-7% in hquorice root. Accord 
ing to Voss, Klein and Sauer (Ber. 1937," 70 [B], 
122) the glycuronie acid obtained by hydrolysing 
glycyrrhizic acid with boiling dilute sulphuric 
acid is of a novel type. For the extraction of 
liquorice and its uses, see Houseman and Lacey 
(Ind. Eng. Chem. 1929, 21, 915) and for deter- 
mination of glycyrrhizic acid, Eder and Sack 
(Pharm. Acta Helv. 1929, 4, 23). 

GLYOXAL, OHC-CHO, prepared by the 
oxidation with nitric acid of alcohol (Debus, 
Annalen, 1856, 100, 5; 1857, 102, 20), of acet- 
aldehyde and of paraldehyde (Ljubavin, J. Russ. 
Phys. Chem. Soc. 1875, 7, 249; 1881, 13, 496; 
Ber. 1877, 10, 1366 ; de Forctand, Bull. Soc. 
chim. 1884, [ii], 41, 242). . It is prepared commer- 
cially by the oxidation of acetylene -vvith ozone 
(Wohl and Brfiimig, G.P. 324202; B.P. 157329). 

Prepared by any of these methods the glyoxal 
is present in solution in a polymerised form, 
paraglyoxal {C2H202);c; a trimeride (C2H202)3, 
is also known. 

The monomeric glyoxal, C2H2O2, is obtained 
by distilling the paraglyoxal either alone or in 
the presence of phosphorus pentoxide (Temme, 
Ber. 1907, 40, 166). It forms yellow prisms or 
crystalline spangles which become colourless on 
cooling and melt at 15° to a yellow liquid having 
b'.p. 51°/776 mm., 1*14, and 1-3826. 
It undergoes the Cannizzaro reaction -irith 
alkalis forming glycolUc acid. 

The phenylosazone, C2H2(N2HPh)2; m.p. 
175°, is crystalline (Fischer, ibid. 1884, 17, 575; 
Ciamician and Silber, ibid. 1913, 46, 1561). 

Glyoxime, HON:CH-CH:NOH, crystallises 
with 4H2O and has mp, 178° (Hantzsch and 
Wild, Annalen, 1896, 289, 293). 

Qlyoxaline, iminazole {vide infra). 


Quinoxaline 


N:CH 

I 

N:CH 


is formed by the condensation of glyoxal with 
o-phenylenediamine. 

G L Y OX A L i N ES . Glyoxaline, the simplest 
member of this series was obtained as long ago 
as 1856 by the action of ammom’a on glyoxal. 

1 

5 CH Nv 2 

II >CH 

4CH— nr/ 

3 

Glyoxaline. 

The reaction was correctly interpreted by 
Radziszewski in 1882 and to-day the action of 
ammonia on a -diketones and aldehydes is the 
standard method of preparing glyoxalines : 

RCO 


I -f2NH3-fR"CHO 


R'CO 


Ro- 

ll 

R'C- 


-Ns 


^CR" 
-NR/ 


The reaction is usually carried out in hot 
alcoholic, or preferably acetic acid, solution {see 
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Davidson, Weiss and Jelling, J. Org. Chem. 
1937, 2, 319). Under the latter conditions the 
yields are frequently theoretical. The reaction 
is quite general as the diltetone may he aliphatic, 
or aromatic (c.g. diacetyl, phenanthraquinone) 
and a variety of aliphatic and aromatic aldoh 3 'des 
have been used. In some instances one or the 
other component may be omitted, the action of 
ammonia on the component used producing 
intermediates of equivalent value. Thus, in the 
production of the simplest glj’o.xaline, part of the 
glyoxal is converted into formic acid and 
formaldehyde, the latter providing of the 
imidazole ring. Again in the production of 
lophine (2:4:5 -triphenjdgtyoxaline) ammonia 
ma 3 '^ be allov'ed to react with benzaldehyde, 
benzoin, benzil or any two of these. With 
benzaldehyde, hydrobenzamide and the isomeric 
amarine are intermediates : 


CeHg-CH^N^ 

C„H5CH=n/ 


CHCcH 


5 


Hydrobenzamide. 


CsH^c-nh/ 


CH-CoHc 


Amarine. 


Finally, in the general reaction even the am- 
monia may be replaced by a primary amine 
when one carbon atom of the amine enters the 
glyoxaline ring : 


cHs-CO 

I -b2C(,H6-CH2-NH2 

gHs-CO 


C(,Hs-C-N 
CeHg-C— N 


\ 


CC,H 


5 


CH2'C5H5 


Glyoxalines are obtained by the interaction of 
amidines and a-halogenoketones or their equi- 
valents : 


CgHgCO 

I H+ 

CeH5C<SH 


NH 


NH 


^\c.C H 


-> 


CeHs-C-NH. 

>C-CeHj 

•N^ 


CsHg-C 


Glyoxalines are weak bases which form 
quaternary salts from which N -alkylglyoxalines 
may be obtained. Like analogous pyrroles and 
pyridines those iminazoles which contain a free 
hydrogen atom in the 2-position will suffer 
rearrangement on heating, the alkyl group- 
ing migrating to the adjacent carbon atom. On 
the other hand glyoxalines containing a free 
imino-group form metal, particularly silver, 
salts. Free imino groups can with care be 
acylated, but the acyl groups are removed with 
ease; occasionally attempted acylation results 


in fission of the ring with production of diacyi 
diamines : 

CH— NH. 

II >CH-f-2C6H5-COCl-f2NaOH ^ 

CH 

CH— NH-CO-CgHg 

11 -f HC02H-b2NaCI 

CH— NH-COCcHg 

The glyoxaline ring is abnormally stable to 
oxidation and reduction; dili3'drogl3mxahne3 
are usually readily oxidised to g] 3 'Oxalines, and in 
many cases where aryl groups are present this 
oxidation, effected with alkaline h 3 'pochlorite or 
h 3 'drogen peroxide, is chemiluminescent. 

A number of alkoxyiminazoles, particularly 
aromatic representatives, hav’e been proposed 
for use as local anesthetics (c/. U.S.P. 2005538) 
whilst other glyoxalines with long-chain aliphatic 
groups in the 2-position are of value as wetting- 
out agents in detergents, etc. (B.P. 439261, 
479491). 

The glyoxahne ring is represented in nature 
by histidine, and the Pilocarpus (jaborandi) alka- 
loids, etc. 

GLYOXYLIC ACID, CHO COOH, dis- 
covered by Debus (Ann. Cbim. Ph 3 >^s. 1857, [iii], 
49, 216) ; its constitution was discussed by 
Debus, Perkin and Odling (Ber. 1871, 4, 69; 
1875, 8, 188) and by Otto and Troger {ibid. 1892, 
25, 3425; see also Debus, J.C.S. 1904, 85, 
1383; Annalen, 1905, .338, 332); occurs in im- 
ripe fruit such as grapes, apples, gooseberries, 
currants, etc. (Brunner and Chuard, Ber. 1886, 
19, 595), in young beet-roots (Lippmann, ibid. 
1891, 24, 3305) and in the animal body, especially 
in the urine (Hofbauer, Z. physiol. Chem. 1907, 
52, 426; Granstrom, Beitr. Chem. Physiol. 
Path. 1908, 11, 138; L. Pincussen in Oppen- 
heimer’s Handbook, “ The Biochemistry of Jlan 
and Animals,” 2nd ed., Vol. V, 1925, p. 679). 

The acid is formed by slow oxidation of ethyl 
alcohol and potyhydroxy alcohols with HNOg 
(Debus, Annalen, 1856, 100, 2; 1857, 102, 28; 
1859, 110, 319 ; Bottinger, Arch. Pharm. 1894, 
232, 65) ; by oxidation of AcOH with HgOg or 
air (Hopkins and Cole, Proc. Roy. Soc. 1901, 68, 
21 ; GiacomeUo and Mascarello, Gazzetta, 1934, 
64, 968); by the reaction of HgOj-fFeSO^ 
with glycocoU, creatine, creatinine, glycoUic 
acid, sarcosine and hippuric acid (Dakin, J. 
Biol. Chem. 1906, 1, 271) ; by heating ethyl 
dichloroacetate with water at 120° (Fischer and 
Geuther, Jahresber. 1864, 17, 272) ; by boiling 
silver dichloro- or dibromo-acetate with water 
(Perkin, J.C.S. 1877, 32, 90 ; Debus, J.C.S. 1866, 
19, 18 ; Beckurts and Otto, Ber. 1881, 14, 581) ; 
by many hours’ boiling of potassium diacetoxy- 
acetate with much water (Doebner, Annalen, 
1900, 311, 130) ; by reduction of oyaUc acid 
with potassium/sodium amalgam or Zn-|- HgSO^ 
(Church, J.C.S. 1863, 16, 301 ; Royal Baking 
Powder Co. Frdl. fxiij, 907)1 by the electrol 3 d;ic 
reduction of oxahe acid, its esters or its amide 
in sulphuric acid (Tafel and Friedrichs, Ber. 
1904, 37, 3187 ; Wohl and Lange, ibid. 1908, .41, 
3614; Mohrschulz, Z. Elektrochem. 1926, 32, 
434; Hatcher and Holden, Trans. Roy. Soc. 
Canada, 1925, [iii], 19, III, 11) ; by degradation 
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of purines (!fichevin and Brunei, Compt. rend. 
1937, 205, 294 ; Mourot, ibid. 1938, 207, 407) ; 
as an intermediate product in the deamination 
of glycine (H. BarrenscheBn and Danzer, Z. 
physiol. Ohem. 1933, 220, 57 ; Abderhalden and 
Baertich, Fermentforsch. 1937, 15, 342) ; by 
the activation of oxalic acid (Schroer, Ber. 1936, 

69 [B], 2037 ; Weber and Rezek, Ber. 1937, 

70 [B], 407) ; and by the action of moulds on 
(AcO)2Ca and AcONa (Bernhauer and 
Scheuer, Biochem. Z. 1932, 253, 11). 

Glyoxylic acid may be prepared by heating 
1 part dibromoacetic acid ■with 8-10 parts water 
for 24 hours at 140° (Grimaux, Compt. rend. 
1876, 73, 63 ; Cramer, Ber. 1892, 25, 714). For 
preparation of the anhydrous acid, see Talvitie, 
Amer. Chem. Abstr. 1936, 30, 434. 

The acid is manufactured from sodium chloro- 
acetate {Mugdan and Wimmer, G.p. 672481). 

Physical Properties. — Glyoxylic acid is a -viscid 
syrup with a suffocating smell ; it crystallises by i 
long standing above H2SO4 forming rhombic i 
prisms of composition 

C2H4O4 or (H0)2HC'C00H 

(Perkin, Ber. 1875, 8, 188 ; Debus, J.C.S. 1904, 
85, 1390; Bottinger, Arch. Pharm. 1894, 232, 
68), extremely hygroscopic and easily soluble 
in water (Debus, Annalen, 1856, 100, 11). 
Electrolytic dissociation const. /;;25==0-474x 10~® 
(Ostwald, Z. physikal. Chem. 1889, 3, 188). 
For quantitative electrolytic oxidation of 
glyoxylic acid, see A. TaMtie, Ann. Acad. Sci. 
Fennicse, 1936, A, 45, No. 6, 32. 

Chemical Properties. — Decomposes on heating 
above its melting-point first into glycollic acid, 
oxalic acid and water vapour (Debus, J.C.S. 
1904, 85, 1391). It is a tautomeric substance.; 
it e^bits aldehydic properties in condensing 
•with hydroxyl amine, phenylhydrazine, and 
semicarbazide (Elbers, Annalen, 1885, 227, 
353; Fischer, Ber, 1884, 17, 576; Simon and 
Chavanne, Compt. rend. 1906, 143, 904), but 
most of its salts are of the type 


urea to form allantoin and with guanidine 
to form in the cold glyoxylic guanidide and on 
warming to 100° imiaoallantoin (Doebner and 
Gartner, ibid. 1901, 315, 1; 1901, 317, 157; 
Simon and Chavanne, Compt. rend.- 1906, 143,’ 
51 ; Kaess and Gruszkiewicz, Ber. 1902, 35,’ 
3604), For other condensation products, see 
Bottinger, Arch. Pharm. 1894, 232, 549, 704; 
1895, 233, 100, 199 ; Bougault, Compt. rend. 
1909, 148, 1270; Griesheim, Frdl. II, 647; 
Wochster, Frdl, X, 588. 

Detection. — Glyoxylic acid may be identified 
even in dilute solution by precipitation of di- 
xanthylhydrazone-glyoxyhc acid, 

[0(C6H4)2CH]2N-N;CHC02H,H20, 

I -with xanthydrol and hydrazine hydrate in 
acetic acid (Fosse and Hieulle, Compt. rend. 1925, 
181, 286). The acid also yields an intense 
j magenta red colour -with Schryver’s reagent 
(Fosse and HieuUe, ibid. 1924, 179, 636). For 
descriptions of the substituted phenylhydrazones, 
see Chattaway and Bennett, J.C.S. 1927, 2850; 
Chattaway and Dalby, ibid. 1928, 2756. Gly- 
oxylic acid may be titrated with alkali, or with 
permanganate in the presence of HgSO^ 
(Hatcher and Holden, Trans. Roy. Soc, Canada 
1925, [iii], 19, III, 'll). For colour reaction 
■noth indole derivatives, see Granstrom, Beitr. 
Chem. Physiol. Path. 1908, 11, 132)7 

Microchemical Detection. — ^Behrens (Chem.- 
Ztg. 1902, 26, 1128). 

GLYPH ENARSINE {v. Vol. I, 4875). 

“ GLYPTALS ” {v. Vol. II, 472d). 

GMELINOL, C12HJ4O4. The white deposit 
in the cells of Gmelina leichhardtii (Colonial 
Beech). Gmehnol contains two methoxyl groups 
present as in veratric acid, and yields a mono- 
acetyl derivative (Smith, J. Roy. Sci. N.S, 
Wales, 1913, 46, 187). It melts at 122° and on 
cooling solidifies to a transparent resin-like solid 
which melts at 62-63°, but when powdered has 
melting-point 120-121°. 

GNOSCOPINE, d?-narcotine. 


(H0)2CHC00M, 
whilst dialkyl ethers of the type 

(ROlaCH-COOH 

have been prepared. It is oxidised to oxalic 
acid by H N O3 (Adler, Arch. exp. Path. Pharm. 
1907, 56, 2 10) ; by aqueous bromine solution 
(Debus, Annalen, 1863, 126, 152) ; by silver 
oxide (Debus, ibid. 1856, 100, 6) ;^and, together 
with glycollic acid, by KOH (Bottinger, Ber. 
1880 13, 1932). KMn04 oxidises glyoxylic 
acid in alkabne solution to oxalic acid and 
CO2 (Evans and Adkins, J. Amer. Chem. 
Soc. 1919, 41, 1407). Oxidised by HgOg in 
alkaline solution to CO2 and H-COOH 
(Heimrod and Levene, Biochem. Z. 1910, 29, 
46). Reduction with zinc in aqueous solution 
yields glycollic acid ; in acetic solution, "tartaric 
acid (Genvresse, Compt. rend. 1892, 114, 555). 
In the presence of AgOjHgS pelds thioglycollic 
acid -with other products (Bottinger, Aimalen, 
1879, 198, 213). With HCN it forms a cyan- 
hydrin which, on hydrolysis, yields tartronic 
acid; NaHSOg yields a crystaUine compound 
(Debus, ibid. 1856, 100, 5). It condenses with 



NMe 


OMe CH 

I 

CH- 


O'OC 



occurs in opium and is formed by racemising 
narcotine. It forms colourless needles, m.p. 
229°; picrate, m.p. 188—189°; methiodide di- 
hydrate, prisms, m.p. 210-212°. For synthesis 
and resolution, see Perkin and Robinson, J.C.S. 
707 T 00 775 

GOA ’powder {V. Vol. I, 4575). 

G O ET HITE (named after the poet Goethe)- 
Hydrated ferric oxide. 


FeaOg-HgO or FeO(OH), 


crystallised in the orthorhombic system and 
isomorphous -with the corresponding aluminium 
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and manganese minerals diaspore and manganite. 
It is included with limonite under the term 
“ hroion iron-ore," and when fibrous and massive 
the two are not readilj' distinguished, especially 
as they have the same colour and streak. 
Goetliite, however, contains more iron (FejOg 
89-9, Fe 62-9%) and less water (10-1%) than 
limonite (2Fe203-3H20). Although limonite 
is sometimes fibrous and crystalline, it is never 
found as distinct crystals; crystals of goe- 
thite, however, are not uncommon. They are 
prismatic, acicular, platy or scalj* in habit, 
and have a perfect cleavage in one direction 
(parallel to the brachy-pinacoid). Eeniform 
and stalactitic masses with a radiating fibrous 
structure also occur. Sf.gr. 4-0-4'4, of crystals 
4-37 ; hardness 5-5J. The colour is 3'ellowish- 
bro^vn to brownish-black, irith usuall}' a brilliant 
lustre on crystal-faces. Thin crj'stals and 
spiinters are bJood-red by transmitted light. 
The colour of the streak or powder is yellowish- 
bro^vn. Analj’ses often show the presence of 
small amounts of manganese oxide and silica. 
Several varieties are distinguished. The acicular 
forms, usually with a radial grouping, are 
kno^vn as needle iron-ore. The needles may be 
very fine and closelj' packed together, giving the 
appearance of plush, as in sammetblcnde or 
sammelerz (velvet-ore) also knowm as przibra- 
mite, from Przibram in Bohemia. Onegite is 
acicular goethite embedded in amethj^st from 
Lake Onega, Russia. This material is cut as a 
gemstone under the name “ Cupid’s darts ” 
(flbchesi d’amour). As an enclosure in other gem- 
minerals goethite is found in aventurine {q.v.) 
and sunstone. Mesahite is an ochreous variety 
abundant amongst the iron ores of the Mesabi 
Range in the Lake Superior district of Slinnesota. 
The modes of occurrence of goethite are the 
same as for limonite, and it is present in many 
hmonitic iron ores. Bine groups of crystals 
were formerly obtained in abundance in the 
Restormel iron mines at Lanliverj'' and in the 
BotaUack mine at St. Just in Cornwall. Larger, 
but less perfect, crystals are known from the 
Pike’s Peak district in Colorado. 

Scaly forms of F eO (OH) include lepidocrocite 
and pyrrhosiderite (or rubinglimmer), which 
until recently were regarded as varieties of 
goethite. These are also orthorhombic, but 
they differ from the acicular goethite in their 
optical properties and in their crystal structure 
as determined by X-rays ; and they are now 
included under the distinct species lepidocrocite, 
which is dimorphous with goethite and iso- 
morphous with boehmite [q.v.). Diaspore, iso- 
morphous with goethite, is a fourth merhber of 
this isodimorphous series. The dimensions of 
the unit cells are : 


FeO(OH) 

AIO(OH) 

Goethite 

'0 4-54A 
b IO-Oa 
_c 3‘03 a 

Diaspore j 

fa 4-40a 
b •9-39a 
1.C 2-84A 

Lepidocrocite< 

f a 3-87a 
b 12-51A 
[c 3-06 a I 

Boehmite -i 

(a 3'78a 
b 11-8a 
[c 2-85 a 

L. J. S. 
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GOLD. Au (Aurum). At. wt. 197-2, at. no. 
79. 

Historical. — Gold cannot have escaped the 
observation of the men of the Stone Age, but it 
Could have been of little use to them until they 
had discovered the art of melting. Flint daggers 
■with gilt handles have been found in Egypt, and 
gold was well kno^vn in that countr^"^ about 
3,600 n.c., when its value in relation to silver 
Was fixed by law. It was first used for coinage 
in Lydia, about 700 n.c., in the form of electrum, 
a native alloy of gold and silver. 

The earliest method of obtaining gold, other 
than that of- collecting it by hand, -n'as by 
gravity concentration. The auriferous sand 
Was stirred in a shallow stream of ■nuter running 
over sloping rocks, the heavy grains of gold 
settling to the bottom. Sheep-skins were spread 
out for entangling the particles of metal and 
helping in its collection. Over 2,000 years ago, 
the methods of orc-cnishing by stone hammers 
and also by means of grinding mills were adopted 
in Egj’pt to release gold contained in solid rock. 
The powdered ore was washed on sloping tables 
(Gowland, J. Eoj'. Anth. Inst. 1912, 42, 256). 
The u.se of sieves to separate the insufficiently 
crushed pieces of rock is also attributed to the 
Egj'ptians. Stamp batteries for crushing ore 
■were established at Joacliimsthal in 1519, and 
sieves set at the outlet of the mortars -n'cre 
described by Agricola in 1556. 

The use of mercurj’’ for separating gold from 
other materials, bj' amalgamation, was described 
by Plinj’, and referred to by Theophilus in the 
eleventh centuiy in his description of the ex- 
traction of gold from the sands of the Rhine. 
The method used in the Tj’^rol of stirring crushed 
Ore with large quantities of mercu:i^'' in circular 
bo-wls is very old, but the practice of charging 
mercury together with uncrushed ore into the 
mortars of stamp batteries, and catching thegold 
amalgam on copper plates was not mentioned 
before 1850. 

The cyanide process was invented by Mac- 
Arthur and Forrest in 1887, and flotation was 
first applied to a gold ore in 1900 (J. S. Elmore, 
Trans. Inst. IMin. Met. 1900, 8, 379) although 
little success was obtained until much later. 
The methods of refining gold by the cementation 
process and by cupeUation are very ancient. 
Nitric acid for refining was in use in Venice in 
the fifteenth century and was not superseded by 
sulphuric acid until the nineteenth century. 
The electrolytic refining process was invented 
in 1888, and the chlorine process of refining in 
1867. 

Gold Ores. — Gold is widely distributed in 
nature and occurs in minute traces in many ores 
of other metals. It has been detected in igneous 
and metamorphic rocks in almost every case in 
which a careful search for it has been made, and 
Sedimentary rocks are seldom quite free from it. 
The comparatively small quantities of gold in 
limestones which have been formed in clear 
Water far from land, appear to indicate the land 
as the place of origin of the gold, but it is also 
present in sea water. 

Gold ocenrs in quantities large enough to pay 
for extraction in many quartz veins or lodes in 
rock formations. The ^old is disseminated in 
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the quartz and is accompanied by brown oxides 
of iron in the upper portions of the deposits and 
by sulphides in the deep-seated portions. It 
usually occurs as native gold, mainly because its 
compounds are easily reduced. Even when it is 
contained in pyrites or other sulphides, it is 
present in the free state. Native .gold also 
occurs in many secondary or detrital (“ placer ”) 
deposits, such as river gravels, sea beaches, etc., 
in the form of nuggets, grains and flakes. The 
auriferous beds of conglomerate in the Transvaal 
are generally considered to be of this character. 

Nuggets show crystalline structure when 
polished and etched, but rarely exhibit regular 
crystal faces or angles externally. Native gold 
always contains some silver and copper, and 
other metals are usually present in smaller 
proportions. 

Telluride of gold is found in large quantities 
in Western Australia, Colorado and Transyl- 
vania, and has been reported from many other 
localities. There is only one true compound of 
gold and tellurium, AuT eg, which contains 
43 -6% of gold ; but several mixtures consisting 
of various compounds of tellurium with gold 
and silver and other metals have been recognised 
as mineral species. The best known of these 
are (1) calaverite [q.v.), which has the composition 
AuT eg, (2) aylvanite or graphic tellurium which 
is supposed to correspond to (Au 5 Ag)Te 2 , 
(3) pelziie, a telluride of silver, AggT e, with part 
of the silver replaced by gold, and (4) nagyagite 
or foliated tellurium, which contains some lead. 

Auriferous telluride is usually dark grey or 
black in colour, but occasionally is silver-grey. 
Sometimes it contains an admixture of metalQc 
gold which gives it a brassy-yellow colour. It 
is soft and brittle but its density is high, usually 
between 8 and 9. When heated in air, it oxidises, 
fuming and giving off TeOg, and fuses below a 
red heat. If the roasting process is continued, 
most of the tellurium is removed and the gold 
is left in the form of spherical pellets which have 
solidified from fusion. Calaverite may •contain 
as much as 44% of gold, but usually partly 
replaced by silver. A specimen of sylvanite 
from Cripple Creek, Colorado, contained Aw 
7-64%, Ag 32-39%, Te 59-96% (F. C. Smith, 
Trans. Amer. Inst. Min, Met. Eng. 1897, 26, 485). 

Extraction of Gold from its Ores. — ^The 
metallurgical treatment of gold ores is usually 
simple and cheap and owing to this circum- 
stance and to the high value of the metal, ores 
containing very small proportions of gold can 
be worked at a profit. Thus the ores of the 
Witwatersrand, now being worked, usually con- 
tain less than 0-001% gold, and aurfferous 
gravels, which do not require crushing, may be 
worked when considerably poorer. 

Washing Auriferous Gravel (see TJ.S. Bureau 
of Llines Information Circular No. 6786, 1934). — 
The gold occurring in placers is obtained by 
washing away the lighter graVel from the gold 
disseminated through it, thd material being 
carried by a shallow str^m of water 
through inclined troughs (sluice^^boxes) or over 
sloping tables. The heavy particles of gold 
sink to the bottom of the stream and are 
caught by the rough surface of blanketing or 
plush, or in crevices which are 'formed by the 


supply of “ riffles ” of various kinds. Sometimes 
the riffles consist of wooden strips or poles 
sometimes of iron rails or sheets of “ expanded ” 
metal. Mercury is sprinkled in the stream and 
accumulates in the crevices, where it assists in 
catching the gold as an amalgam. The gold- 
amalgam, recovered in the periodical “ clean- 
up,” is strained through canvas to remove the 
excess of mercury and afterwards retorted. 

The gravel is mined in various ways, accord- 
ing to circumstances. It may be raised by the 
spade and thrown into the stream, or, when in 
high banks, it may be broken down and washed 
away by jets of water (hydraulic mining). 
Dredgers are largely used to recover the gravel 
from river beds and also on dry alluvial “ flats.” 
In the latter case, the dredger floats in a pond, 
and travels slowly across country, scooping 
away the ground in front and stacking it behind 
after it has been washed. The gravel is usually 
washed on the deck of the dredger and the gold 
may be further concentrated by flotation. For 
descriptions of modem dredgers, see Eng. and 
Min. J. 1934,135, 486, and 1935,136,270. Placer 
mining is now of less relative importance than 
formerly owing to the exhaustion of many of the 
known deposits. 

Ore Crushing. — Ore from lodes and other com- 
pacted material is treated by crushing, followed 
by (1) Amalgamation, (2) Cyaniding, or (3) Con- 
centration, either by gravity or by flotation, 
A combination or succession of two or more of 
these processes is usually employed. The object 
of crushing is to free the particles of gbld and 
thus facilitate their separation from the gangue 
or remainder of the ore. Many different crush- 
ing machines are used. The stamp battery 
(see Caldecott and others, “ Rand MetaUurgical 
Practice,” Vol. I, 1926, Vol. TL, 1919, G. Griffin), 
evolved from the pestle and mortar, was first 
applied to the industry early in the sixteenth 
century and is still in wide use. In modem 
practice it consists of heavy iron or steel 
stampers, ranging up to about 2,000 lb. in weight, 
which are raised and let fall in mortars kept 
supplied with ore and water. The height of drop 
is usually about 7 or 8 in. and the number of 
drops per minute about 100. Five stamps, 
ranged in line in a mortar, form a unit, and a 
battery may consist of any number of units. 
Wire mesh screens or steel plates perforated with 
holes are placed in the side of the mortar through 
which the wet pulp is discharged. The screens 
were formerly of comparatively fine mesh, e.g. 40 
holes to the linear inch (coarser screens are used 
now to increase output), and the finely crushed 
ore was passed directly to amalgamation or con- 
centration tables. Amalgamation tables con- 
sisted of sloping copper plates on which mercury 
had been spread by scrubbing until it formed a 
completely amalgamated surface. A thin stream 
of pulp, often mixed with mercury which had 
been fed into the mortar, flowed over the plates, 
on which the gold amalgam was caught and 
retained and subsequently removed by rubbers 
or scrapers and retorted. Much finely divided 
gold usually escaped the plates, remaining with 
the pulp (now “ tailings ”) which wont to the 
cyanide plant. These practices have been dis- 
carded in general, as mentioned Iat9r. 
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Ore from mines, however, contains material 
too coarse for crushing by stamps, and this is 
separated beforehand by means of a *' grizzly ” 
(iron bars in parallel) or by a vibrating screen of 
say 3 in. mesh. The coarse material is crushed 
in rock-breakers to 3 in. size before going to the 
stamps. Jaw crushers with reciprocating motion 
(hinged plates opening and closing successively) 
and gyratory crushers are both used. The latter, 
such as the Gates, Newhouso and Symons cone 
crushers, contain vertical revolving spindles set 
eccentrically to the outer casing and crush 
the ore between surfaces on the spindle and 
casing. These machines are of great capacity 
and besides being used to feed stamps, Symons 
cone crushers, for example, may take their place, 
ore being reduced to a maximum size of ^-inoh 
with crushers worked in scries. 

Fine crushing by stamps, previously men- 
tioned, is no longer the common practice. It 
has been superseded by more gradual reduction 
in successive machines. Coarser screens arc 
used with modern heavy stamps, giving a pro- 
duct of i in. to 1 in. in diameter. The stamp 
duty has become much lugher and may bo over 
20 tons per stamp per day. In one instance 
(Prentice, Trans. Inst. Min. Met. 1935, 44, 479) 
45 tons of Band ore wore crushed per day through 
a screen of 1 in. mesh with a single Nissen stamp 
of 1,910 lb. Each Nissen stamp (Nissen, 
J, Chem. Met. Soc. S. Africa, 1911, 12, 111) 
has its onm cylindrical mortar box with a large 
screen area. The product of such work is too 
coarse for amalgamation and is passed to some 
form of grinding machine. 

Tube mills are much used for fine grinding. 
They consist of revolving horizontal cylinders, 
half-filled with large pebbles, steel balls or pieces 
of hard ore, by the impact and abrading effect 
of which, in falling, coarse particles of sand are 
finely crushed. The pulp enters through’ one 
trunnion and passes out through the other which 
is fitted with a grid plate to retain the pebbles 
in the mill while allowing both sand and slime 
to pass out. The water in the pulp fed to tube 
mills is carefully regulated. There must be 
enough to make the particles of ore adhere to 
the pebbles but no “ free ” water. For Rand 
ores the usual proportion of water is 24-32% of 
the feed. The pulp coming from primary crush- 
ing machines usually passes through classifiers 
(described later) which remove both slimed ore 
and excess water, leaving clean w'et sand to 
enter the tube mills. The product from the 
miUs contains much material which is insuffi- 
ciently crushed. This is separated from the 
fines by means of classifiers and returned to the 
tube mill (“ closed circuit grinding ”). The 
finished product will pass through a screen of 
about 90 or 100 mesh. 

Among other fine grinders are (1) the 
Hardinge conical ball mill (Trans. Amer. Inst. 
Mn. Met. Eng. 1908, 39, 336) in which a pear- 
shaped grinding chamber replaces the cylinder 
of the tube mill (the change of design is to obviate 
further grinding of ore already fine enough), 
(2) the Marcy ball .mill, (3) the Marcy rod mill, 
in which steel rods, 2 or 3 in. in diameter and a 
few inches shorter than the mill, are used instead 
of balls or pebbles for crushing: In small-scale 


operations in outljdng gold-fields, e.g. in 
Rhodesia, the Hardinge ball mill sometimes 
takes the place of stamps instead of being used in 
conjunction with them. 

Classifiers are in wide use for separating sand 
from slime in pulp coming from tube mills. 
The earliest forms were inverted pyramids, 
which were superseded by inverted cones (Calde- 
cott, J. Chem. Met. Soc. S. Africa, 1909, 9, 312), 
the pulp entering at the centre from above and 
the fine stuff overflowing at the periphery. The 
sand settles in the cone and passes through a 
spigot at the apex, A stream of clear w'ater is 
introduced near the apex of the cone in many 
instances and, rising through the sand, cleans 
it to some extent and overflows at the top with 
the slime. The spigot product or “ underflow ” 
is returned to the tube mill. Cone classifiers, 
however, are of comparative^ small capacity 
and are now little used on the Rand, where they 
were introduced, e.xcopt as de-watcrers. The 
Dorr classifier has taken their place on many 
mines. It consists of an inchned rectangular 
trough, open at the upper end. The pulp 
enters on a transverse line about half way down 
the trough. The sand settles in the pidp and is 
pushed up the inclined bottom of the trough by 
a series of rakes which are lifted and lowered at 
opposite ends of their stroke. The sand pre- 
sently emerges from the liquid and is then 
w'ashcd and discharged from the open upper 
end of the machine wdth about 26% of moisture. 
The slime is prevented from settling by the flow 
of the liquid and by the agitation caused by the 
reciprocating scrapers. It overflow's the dam 
at the lower end of the machine. 

The Dorr bowl classifier consists in the addi- 
tion of a shallow' circular bowl, with revolving 
rakes, to the ordinary ralce classifier. The pulp 
enters near the centre and the slime overflows 
at the periphery of the bowl, while the sand 
settles to the bottom and is raked to a central 
discharge opening, whence it passes to the reci- 
procating rake compartment for further treat- 
ment before being returned to the tube mills. 

Gravity Concentration . — ^The use of tube mills 
in a “ closed circuit ” with classifiers results in 
an “ all-slimed ” product, the sand going round 
the circuit until it has been sufficiently reduced 
to pass to the cyanide plant. Such fine grinding, 
however, is not required for gravity concentra- 
tion, which can deal with unclassified pulp 
coming from stamp batteries fitted with 60 or 
60 mesh screens, as at Morro Vellio (J. H. French 
and H. Jones, Trans. Inst. Min. Met. 1933, 42, 
189), or from stamps with A-in. screens, followed 
by a single passage through a tube mill, as in 
some mines on the Rand. The ancient method 
of catching gold on roughened sloping surfaces 
was for a long period of time modified by adding 
mercury to the pulp and thus amalgamating the 
gold. This particular use of mercury is, however, 
being gradually abandoned. Amalgamation 
tables are becoming obsolete and have been 
■jvidely superseded by blanket strakes (c/. 
Jason’s Golden Fleece). These consist of strips 
of blanketing, canvas or more recently corduroy, 
stretched over sloping tables, with an inclina- 
tion of 1^2 in. per ft. The pulp flows over 
them in a thin stream of uniform depth. No 
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mercury is used and the particles of gold, sinking 
to the bottom, adhere to the rough fibres of the 
corduroy or lodge against its ribs. The tailings 
pass to the cyanide circuit. The corduroy is 
removed and Avashed when necessary, usually 
every few hours. The concentrates thus ob- 
tained are fed to shaking concentration-tables 
such as the Wilfley table or the James table. 
(For description of these tables, see Rose and 
NeAvman, “ Metallurgy of Gold,” 1937, pp. 241 
and 243.) In these, a number of strips of 
wood placed transversely are nailed on the 
surface to act as riffles. They retain the heavy 
particles which work to one edge of the table 
under the influence of a slight but rapid shake. 
The light worthless material is carried away 
by the water. (At Morro Velho, Brazil, the 
substitution of James tables for canvas strakes 
was completed in 1935, with improved results.) 
The concentrates are then grmmd and amal- 
gamated in iron or steel revolving barrels con- 
taining steel balls, water and mercury. The 
amalgam is strained in canvas bags to remove 
excess mercuiy and retorted. Blanket recoveries 
on the Rand are from 25 to 60% of the gold in 
the ore, bringing this portion more quickly to 
account than if cyanide were used alone for 
treatment (Prentice, Trans. Inst. Min. Met. 
1935, 44, 479). 

The Cyanide Process . — ^The taflings from amal- 
gamation plates or from blanket strakes or 
other concentrators contain some finely divided 
gold which is usually readily soluble in solutions 
of the cyanides of the alkali metals (v. Vol. Ill, 
4866). Crushed virgin ore is also treated by 
cyaniding. The cyanide used at first was im- 
pure potassium cyanide, then mixtures of potas- 
sium and sodium cyanide and later sodium 
cyanide. Calcium cyanide containing an equi- 
valent of 49% NaCN is also in use. It is still 
common practice to refer to the standard of these 
cyanides in terms of the potassium salt. Thus 
97-98% NaCN is designated as 129-130% 
cyanide or potassium cyanide. The solvent 
action of cyanide on gold is very slow and 
requires the presence of an oxidising agent such 
as free oxygen. It may be expre.ssed by the 
following equation, which represents the sum 
of the chemical actions : — 

4Au-f8KCN-f02-r2H20 

=4KAu(CN)2+4KOH 

(J. S. MacLaurin, J.C.S. 1893, 63, 724). The 
equation, hoAvever, ignores galvanic action and 
subsidiary chemical changes which may have 
an important influence on industrial extraction 
(Allen, Trans. Amer. Inst. Min. Met. Eng. 1934, 
112, 546). 

The potassium aurocyanide remains dissolved 
in the water. The oxygen required is dissolved 
in the cyanide solutions from the air in contact 
with them. If the oxygen is exhausted owin^, 
for example, to the cyanidd solutions remainin’g 
som<3 tiiuG ia contact widh ore centainifig 
readily oxidisable sulphides or organic matter, 
dissolution of the gold is stopped, and it is neces- 
sarj’^ to aerate the pulp. Very dilute solutions of 
cyanide are used, containing from about 0‘5% 
to as little as 0-001% of potassium cyanide. 
The maximum solution rate is at about 0-027% 


KCN, when saturated -with ojfygen (H. A. 
White, J. Chem. Met. Soc. S. Africa, 1919, 20, 1 • 
see also TlTiite, ibid. 1934, 35, 1). With Band 
ores, the maximum strength in treating sands is 
0-06% KCN and for shmes, solutions containing 
0-01 to '0-025% KCN are used (Prentice, Trans. 
Inst. Alin. Met. 1935, 44, 511); 

In practice the solution rate depends mainly 
on the amount of oxygen dissolved'in the solu- 
tion. In a mass of ore undergoing treatment it 
is difficult to maintain a sufficient quantity of 
oxygen in a free state. Hence the time required 
for treatment may be many hours or even days, 
although under favourable conditions the gold 
could be dissolved in a few minutes or at most 
in 2 or 3 hours. Various oxidising methods have 
been applied, such as the passage of a current 
of air through the charge or agitation with air, 
or, more rarely, the addition of oxidisers other 
than air. The gold contained in sulphides is 
more difficult to dissolve than free gold, partly 
owing to oxygen deficiency, and rich sulphides 
are generally separated and treated in other 
ways. 

Another difficulty in cyaniding lies in the 
waste of cyanide due to its destruction by cer- 
tain constituents of the ore. Sou^e sulphides 
and arsenides dissolve in cyanide and interfere 
with the efficiency of the solution. Bloreover 
when pyrite, pyrrhotite on marcasite has been 
subjected to the action of air and water 
(weathering) before treatment, compounds 
are formed which are more prejudicial to the 
solution than the sulphides. The same decom- 
position occurs during treatment, especially in 
prolonged aeration and agitation. Ferrous sul- 
phate and Bulphtuic acid are formed and react 
as follows : 

FeS 04 -f 6 KCN = K4Fe(CN)c-hK2S04 

H 2 S 04 - 1 - 2 KCN = K 2 S 04 - 1 - 2 HCN 

Many other reactions occur, some copper and 
zinc minerals being especially troublesome 
cyanicides. Certain cupriferous ores destroy 
so much cyanide that they cannot be treated 
profitably by the process. 

The effect of acidity and of ferrous sulphate 
are overcome by the presence of sufficient pro- 
tective alkali in the solution. This is provided 
by the addition of lime to the ore as it is fed 
to the battery, or at any grinding stage. The 
amount may be 2 or 3 lb. per ton. The pro- 
tective alkali is kept as low as possible con- 
sistent Avith a reasonable consumption of 
cyanide (Robertson, ibid. 1924, 34, [i], 84) as an 
excess of lime may be fatal to extraction 
(Wright, ibid. 1933, 42, 239). Alkali does not 
protect cyanide from copper salts. 

Crushed ore or tailings from other extraction 
processes are treated in large vats (containing 
as much as 850 tons of ore) with false bottoms 
provided with filter beds. Qj-anidc solution is 
run on to the ore and aUoAved to percolate 
through it. Presh solution is added Sroxo time 
to time and finally the ore is Avasbed Avith Avatcr. 
The solutions pass through the filter by Avliich 
they are clarified and are conA'cyed to the pre- 
cipitation boxes, where the gold is separated, as 
described later. 

Tliere are numerous modifications in the 
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cyanide process necessitated by the conditions 
or introduced as improvements. Of these, the 
variations in mechanical treatment are the most 
important and complex. Liquids do not pass 
readily through unclassified pulp, which is 
accordingly separated into sand and slime in 
classifiers, already described, or is merely run 
into a large vat filled with water. Here the 
sand settles and fills the vat and the slime is 
carried off in the overflow. The separation is, 
however, far from perfect. Either the sand is 
cyanided where it settles, or it is drained and 
transferred to another vat for the purpose, thus 
becoming well mixed and aerated. A solution 
of lead nitrate, to remove soluble sulphides, is 
sprinlded on the charge before it is removed to 
the treatment vat. On the Rand, the strong 
solution, containing from 0-05 to 0-1% KCN is 
run on to sand charge^ first, followed by weak 
solutions containing 0-02 or 0-03% KCN, and 
finally by wash water. As frcqucntlj’’ as possible 
during the process, which lasts from 4 to 7 days, 
the sand is permitted to drain to allow the entry 
of air. In some instances vacuum pumps are 
used to expedite leaching and to assist aeration. 
The tailings are removed by sluicing or shovelling. 
They contain about 0-25 or 0-3 dwt. gold per 
ton or about 10% of that present in the sand 
before cyaniding, but part of the gold originaUj^ 
present has previously been caught on the 
blanket strakes. A large proportion of the 
residual gold is contained in the pyrites. The 
gold in the tailings could be further reduced in 
amount by finer grinding but it would not be 
profitable to do so. A product just lino enough 
to pass through a 100-mcsh screen is aimed at. 

The treatment of slime is becoming the most 
important part of the cyanide process. In 
all-sliming methods, the sand is reground 
until it can be included with the slime, so that 
no separate treatment is required. In many 
cases the gold is not completely laid open to 
attack until the ore is ground to slime and the 
recognition of this fact has led to a ’ivide adoption 
of the all-sliming policy. 

In practice the product of all-sbming opera- 
tions usually contains from 5 to 36% of sand 
that win not pass a 200-mesh sieve. The 
sUme, whether it is the portion separated from 
sand by classifiers or is the product of all- 
sbming, is suspended in 5 to 10 parts of water 
and must be thickened before it can be cyanided. 
In order to promote its settlement a solution of 
Ume is added, usuaUy before or during grinding. 
The alkalinity is maintained at 0-002-0'025% 
CaO. This causes agglomeration or floccula- 
tion of the particles, “ clouds of large and 
indefinite diameter are formed ” and subside in 
the liquid. Heat assists settlement. With an 
alkalinity of not more than 0-005%, Rand sUme 
settles at the rate of 2-4 ft. per hour with a clear 
overflow. The thickened slime contains only 
35-45% moisture. The gold in it is readily dis- 
solved by cyanide and the solution is separated 
from the sbme either by decantation or filtration. 

In the decantation method (Caldecott, “ Rand 
Metallurgical Practice,” 1926, Vol. I, p. 217), 
now bttle used, the settled sbme is discharged 
from the settling vat by a jet of cyanide solution 
and pumped into another vat with a conical 


bottom. Circulation is continued by with- 
drawing the pulp at the bottom and discharging 
it in obbque jets at the top. As soon as the gold 
is dissolved, which may bo in from 4 to 24 hours, 
the pumps are stopped, the pulp allowed to 
settle, and the clear supernatant bquid is drawn 
off and sent to the precipitation plant. The 
pulp is diluted with “ precipitated solution to 
its original volume, agitated in a second vat, 
again allowed to settle and the bquor decanted. 
Tlie settled sbme, stfll containing about one- 
sixteenth of the dissolved gold, then goes to 
waste. (The Rand sbme generally contains 2 
or 3 dwts. gold per ton.) In counter-current 
decantation, the cyanide solution enters at the 
bottom of the vat and overflows as a clear bquid 
at the top, the settlement of the slime generaby 
more than keeping pace with the upward move- 
ment of the solution. The underflow of slime 
passes toanother vat, and theaction is continuous. 

Slime is now generaby treated by agitation 
with cyanide and filtration, with many variations 
in detab. The slime' is first de-watered or 
thickened by settlement. The continuous 
thickeners now in common use, of which the 
Dorr machine is the best knoum, have scrapers 
attached to rotating radial arms which move the 
settled slime towards the centre of the vat, 
where it is discharged through a pipe. Pulp 
enters the vat at the centre and clear bquor 
over-flows at the periphery, the action being 
continuous in both cases. The thickened pulp is 
then agitated with cyanide solution in an “ air- 
bft ” macliine such as the Brown or Pachuea 
tanlc. This consists of a tab cybnder of steel 
with a conical bottom. Inside the cylinder a 
central pipe is fixed extending nearly to the 
bottom and top. Air is forced into the central 
pipe near its lower end, and, bubbbng up through 
the column of pulp inside it, reduces the density 
of the column. The pressure of the outside 
pulp on the open lower end of the pipe causes 
the column to rise and overflow at the top. 
Fresh pulp enters at the bottom of the pipe 
and a perfect circulation results, as web as 
complete aeration. The tank can be worked 
intermittently, being discharged as soon as the 
gold is dissolved, but in some Rand plants a 
series of agitators work continuously, each over- 
flowing into the next, and the last debvering a 
finished product to gravitate to the filter plant 
(Thurlow and Prentice, J. Chem. Met. Soc. 
S. Africa, 1928, 28, 258). 

The Bro-wn tank agitators are confined to the 
treatment of 150-mesh or finer material, if 
building-up of coarse particles at the bottom is 
to be avoided. Coarser material or flotation 
concentrates may be treated in a Wabace agitator 
in which the air-bfts are assisted by a rotating 
impeber (S. G. Turreb, Chem. Eng. Min. Rev. 
1934, 26, 312). This can deal with sand of 
40 mesh. 

The ore sbme from the agitators, after being 
thickened by the removal of part of the bquid 
in raking machines, is filtered through canvas 
with the aid of a vacuum (as in the Moore, 
Butters, Obver and other filters) or by direct 
pressme (as in the Merrib and Define fflter 
presses).- The bquid passes through leaving the 
solid matter as a cake adhering to the canvas. 
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The difficulty is that even a thin layer of slime 
packs down and offers great resistance to the 
passage of liquids. In practice, layers of ^1 in. 
are allowed to build up with vacuum leaching 
and layers of 2-3 in. with pressures of 40-100 lb. 
per sq. in. given by pumps. An enormous area 
of filtering* surface is required in operations on a 
large scale. This is obtained by using a number 
of parallel vertical filter plates or leaves placed 
near together and kept separate by wooden 
strips or perforated iron plates or wire screens. 
The filter leaves may be contained in a basket 
which is immersed in the pulp and then lifted 
out for washing and discharge (Moore filter), or 
they may be fixed in a vat wliich is alternately 
filled with and emptied of pulp (Butters filter). 
Continuous filtration is arranged in some later 
machines (e.gr. the Oliver and Dorrco filters) by 
placing the filter leaves on the outside surface 
of a rotating drum which is partly immersed in 
the pulp. Filtration, washing and discharge of 
the slime cakes are then effected during each 
revolution of the drum. For details of some of 
these machines, see Rose and Newman, “ Metal- 
lurgy of Gold,” C. Griffin, 1937, pp. 357-369. 
The results are superior to those of the decanta- 
tion method. For instance, Prentice (Trans. 
Inst. iVIin. Met. 1935, 44, 517) states that the 
loss of dissolved gold in the residue from a 
vacuum filtration plant on the Rand was 0-022 
dwt. per ton of slime and that from a decantation 
plant 0-071 d^vt. 

The recovery of gold from cyanide solutions 
is effected by precipitation with zinc shavings 
or zinc dust. The solutions, which may be 
turbid from suspended slimed ore, arc clarified 
by passing them through beds of sand or pre- 
liminary filters before precipitation. It is 
believed that the actual precipitant is nascent 
hydrogen produced by the dissolution of zinc, 
thus : 

Zn-h4NaCN-p2H20 

= NagZn (CN) 4 -[- 2 NaOH-f 2H 

2 NaAu(CN) 2 + 2 H= 2 HCN+ 2 NaCN-f 2 Au 

Free hydrogen is, however, inert and if formed 
is removed as fast as possible. Precipitation is 
aided by coating the zinc Avith lead by means of 
a solution of lead nitrate, the lead-zinc couple 
increasing the rate of dissolution of the zinc. 
An excess of free cyanide is also favourable 
and it is usual to add cyanide to weak solutions 
on their Avay to the zinc boxes. Dissolved 
oxygen is detrimental by checking precipitation 
and wasting zinc, the solution is therefore de- 
aerated in modem practice. Oxygen is removed 
either by a vacuum (MerriU-Crowe process) or 
chemically. The former is the more efficient, 
and is installed in many modem plant, A 
vacuum of 22 in.- of mercury is maintained in a 
large cylinder fitted with filter leaves, having 
a capacity in one plant of 6,000 tons of solution 
in 24 hours ,(Wartemveiler, J. Chem. Met. Soc. 
S. Africa, 1932, 32, 143). The oxygen content 
is reduced from 6-0 to 0-5 mg. per litre. The 
chemical method involves the use of finely 
divided iron and highly P 3 rritic sand in the 
clarifiers, or else the addition of manganese sul- 
phate or tannin extract. 


Zinc shavings when used are contained in long 
boxes divided into compartments through which 
the solution flows. The gold is precipitated in 
the form of black slime. In cleaning-up, the zinc 
is washed free from cyanide and the unbroken 
shavings are put back in the boxes. The gold 
slimes are digested in sulphuric acid or sodium 
bisulphate solution until all action has ceased. 
The residue, noAV freed ftom zinc, is washed, 
dried and fused in pots or tilting furnaces with 
borax, manganese dioxide, sodium carbonate 
and sand. After casting, the bullion is separated 
from the slag and sold to refineries. An alter- 
native method is to smelt the precipitate with 
litharge, charcoal and fluxes, and to cupel the 
base lead-bullion produced (Tavener process). 
In modem practice precipitation is usually 
effected with zinc dust which is mixed with the 
clear cyanide solution in a tank fitted with 
vacuum filter-leaves (Merrill-Crowe process). 
The amount of zinc consumed is much less than 
Avhen zinc shavings are used. The gold precipi- 
tate is washed off the filter leaves Avith jets of 
Avater and is sometimes smelted Avithout previous 
acid treatment. Attempts to precipitate gold 
Avith finely ground charcoal instead of zinc have 
not had much success in practice. In recent 
5 ’-ears methods of regenerating the cyanide in 
spent liquors have been adopted on some mines. 
Sulphurous acid is added and the hydrocyanic 
acid thus formed is absorbed by lime (Halvorsen 
process, I\Iin. and j\Iet. 1925, 6, 136 ; Mills- 
Orowe process, LaAvr, Eng. and Jlin. J. 1929, 
128, 688). 

The treatment of sulpho-telluride ores by 
cyanide presents special difficulties, as NaCN 
acts very slowly on these ores. Either the ore 
is roasted in order to expel the tellurium before 
cyaniding, as at Cripple Creek, Colorado and 
elseAvhere (U.S. Bur. ]\Iines, Information Cir- 
cular 1933, No. 6739), or an addition of bromo- 
cyanide is made to ordinary cyanide, as at 
some mines in Western Australia and Canada 
(O’Malley, Chem. Eng. Min. Rev. 1933, 26, 115). 
Bromocyanide readily dissolves telluride of gold. 
The bromocyanide is usually made in contact 
Avith the ore, as at liarkland Lake, Ontario (J. T. 
Wiley, Eng. and Min. J. 1928, 126, 16). Here 
the concentrates are stirred Avith 0-05% cyanide 
solution, and then NaCN, “ Doav’s salts” (a 
mixture of NaBr and NaBrOg) and H 2 SO 4 
are added. Bromine is liberated by the action 
of the acid on Dow’s salts and reacts AAuth the 
NaCN forming bromocyanide (v. Vol. Ill, 504c). 

Sometimes telluride ores are roasted before 
treatment Avith bromocyanide (A. James, ibid. 
1927, 124, 1004), Gold ores containing anti- 
mony as stibnite are also refractory, the stibnite 
dissolving in caustic alkali and decomposing 
cyanide. Roasting is useless imless the tem- 
perature is kept as low as 450°. At higher tem- 
peratures antimonates are formed, locking up 
the gold and protecting it against attack by 
cyanide. Long weathering of slimed ore con- 
taining stibnite makes it amenable to cyaniding 
(V. E. Robinson, J. Gliem. Met. Soc. S. Afiica, 
1921, 21, 117). The graphite in West African 
schist precipitates gold from aurocyanide but the 
difficulty in treating these ores is overcome by 
roasting before cyaniding (A. James, l.c.). 
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Flolaiion (?.r.). — ^This method of concentration ] 'vdth C0% csdraction conid be obtained bv using 
is the most recent development of importance in * only small quantities of pcntaiol xantiate 
the treatment of gold ores. In flotation the I and other reagents. The addition of rsro drops 
finely ground ore is mixed with water, air and of pine oil per ton increased the assay ralue of 
less than 1 % of oil, the ratio of water to solid I the concentrates to £o.OC>0 per ton. With some 
being usually 3 or 4 to 1. The oil coats the ores flotation is followed by cyanidation of the 
particles of gold and minerals rich in gold and I tailings, with others the cyanide treatment comes 
enables globules of air to adhere to them, so ! first. Tbe tailings from amalgamation are also 
that thej- float to the top in a permanent froth i subjected to flotation in some instances, 
which is skimmed oif. The gangue particles | There has been a rapid increase in the appli- 
are wetted by water and sink to the bottom. | cation of flotation to gold since the change from 
Besides oil, a number of other compounds are j acid to allmiine circuits and from oils to syn- 
used in froth flotation, with various objects in j thetic organic chemical reagents. The alkalinity 
view. Pine oil and cresol are in common use to S generallj' used is very slight, the '^ue 
form the froth, which must be stable enough to (logarithm of the reciprocal of the hydrogen- 
last while it is being removed from the machine, ion c-oncentration) of the palp ranging from 
The amounts required vary from 0 03 to 0-lu lb. 7-0 to 7-5. tie neutral figure b^g 7-0. Flota- 
per ton of ore for pine ofl and O-l-O-o lb. per tion is in use at many mines in the Kirkland 
ton for cresylic acid. “ Collecting agents " such ^ gold field Canada, in Western America, in 
as xanthates. thiocarbanilide and cresyl phos- West Australia and other countnes. It is also 
phate (■* acTojloa! ") are used to enable the free being tried on tbe Band on a large scale, 
gold and auriferous minerals to be floated, the SvicUir.g . — Gold ores containing appreciable 
amounts required being of the order of 0-1— quantities of lead or copper are usually smelted 
0-3 lb. x>er ton. They are used in conjunction for the production of these metals, from which 
with “ activators,” such as copper sulphate | the gold is subsequently extracted. Other gold 
and sodium sulphide, which assist in this j ores are sometimes useful as fluxes in the smelt- 
action on some minerals. Copper sulphate and ing operations (r. CorPEE). 
xanthates, however, caimot be used together as Refining. — Gold extracted from ores is 

they form insolnble copper xauthate which ic usually impure and unfit for use in the arts 
inactive. Sodium sulphide is advantageous in until it has been refined. Preliminary refining 
the presence of oxidised minerals such as copper or " toughening ” operations are often carried 
carbonate and iron o.xide, and in ores hr which out either at the refineries or at the gold mills 
the gold is mixed with pyrite. “ Modifiers ” before the bulh'on is sold. Sometimes the gold 
such as lime and soda ash assist in the wetting of is melted in crucibles with oxidising agents such 
the gangue particles, thus causing them -to sink ; as nitre, or a blast of air is directed on the surface 
they ako neutralize acidity. Lime in excess, of the molten metal or even passed through it. 
however, acts as a “ depressor,” causing both The base metals are oxidised and form a dross 
free gold and pyrite to sink. Sodium cyanide which is skimmed ofi with the help of bone ash, 
also acts as a depressor. “ Dispersion agents ” or borax is added to form a fusible slag with the 
such as sulphuric acid and lime cause the gangue osddes of the metals. Toughened btdiion con- 
particles to separate from the mineral particles, tains little except gold, silver and copper. 

In flotation machines, the ptdp and air enter- Bcjjning by Sulphuric Acid . — ^In this process, 
ing a cell together are violently agitated by an alloy of gold and silver is prepared by melting 
means of a central sbaft fitted with blades or gold bullion with dore silver (i.c, silver con- 
other form of impeller and revolving at high taining small quantities of gold) or Mexican 
velocity (200-500 or more revolutions per dollars or, occasionally, with refined silver if no 
minute). The impeller usually drives the pulp other is available. The parting alloy usually 
upwards and the air bubbles coated with mineral contains from 20 to 30% of gold and a few per 
float to the surface and are scraped over the cent, of copper. If a higher proportion of gold 
side of the vessel by revolving paddles. Among is present, some silver remains undissolved and 
machines used in treating gold ores are the is retained by the gold. The copper assists the 
ilinerals Separation subaeration, the Denver dissolution of the silver but the amount of base 
suhaeration, the Fagergren and the Kraut metals present in the alloy is carefully regulated, 
flotation machines. Several units or cells as their sulphates are sparingly soluble in con- 
are used in series, so that the froth from the centrated sxilphuric acid and consequently are 
first cell maj- be^ treated again in “ cleaner precipitated and interfere with the progress of 
cells,” and the gangue tailings in other ceEs. the operation. Xot more than 10% copper and 
The whole series forms the “ flotation circuit.” 5% lead are allowed. A small quantity of lead 
The froth or concentrate containing the free is said to assist in the dissolution of copper, 
gold and valuable minerals is tisually sold to The alloy is granulated by being poured into 
smelters, or treated b 3 * cyanidation. water while still molten and the granulations are 

Flotation supplements, rather than supplants, boiled in concentrated sulphuric acid of sp.gr. 
the older processes. It is recognised that there 1-85 in cast-iron kettles. The amount of acid 
IS an advantage in -withdrawing as much gold as used is four or five times the weight of the 
possible from the pulp at the earliest practicable granulations, but only about half this amount is 
stage of treatment, as may be done by flotation added at first. The sulphur dioxide, which 
or gravity concentration. Free gold floats alone is formed in large quantities, is carried away 
m the absence of sulphides (Richards and Locke, through leaden pipes. Silver sulphate is re- 
Min. Ind. 1932, 41. 590). Thus on a rich Cali- tained in solution in the hot concentrated acid, 
fornian ore a froth assaymg some £2,700 per ton but tends to be precipitated when the acid is 
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cooled or d2nte<L IVlien tbe evolutioii of siil- 
pliiir dioxide is at an end, the liquid is trans- 
ferred to a settling pot, and fiesh acid added. 
After three hoflings in acid, the “ brotm gold ” 
readne is crashed ttith boiling rrater, dried, 
melted idth. nitre and cast in open moulds Into 
ingots of aboat 4fi0 oz. each. 

The acid solotion of silver is poured into 
large lead-lined tanks containing hot tvater and 
sheet or scrap c-opper, and is heated by means 
of steam and stined tmtil the precipifation of 
the sflver is complete. The silver precipitate is 
vrashed, dried and compressed into cakes by 
hydraniic povrer before being melted- The 
copper is recovered by electro-deposition or as 
copper sulphate by crystaEisation. The gold 
produced ty" snlphniic acid parting is usually 
fi"om Q96 to S99 fine, and the precipitated silver 
is about 995 to 993 hne. 


1910, 8, S2; Dorms, hfetal Ind, 1930, 36, 
141). 

I Under ordmary conditions rrith hot sointions 
I st 60-70% the electrolyte contains from 2-5 to 
f-% gold in the form of chloride and 3-5% 
f HCI. At 20% 10^^ HCI is used. With the 
J ptilsating ctrrxentj.less HCI can be used- The 
; reactions at the anode are : 

j HCI^Au4-3CI=HAuCI. 

i and HCI-pAu-f Cl=HAuCl 2 . 

' The hydrochloroatiroiis acid subsequently de- 
I composes in part into hydroehloroairric add and 
j metallic gold, vhich is found in minute particles 
; in the anode mud. At the cathode the reactions 


are: 


• and 


HAuC! .-h3H=Au-f 4HC!, 
HAuCl,4-H=Au-f2HCl. 


Sef.rAng hy EleclrcAytic Deposition. — in the [ Some chlorine is evolved at the anode, especiaEy 
Uioited States, and in some reSneries elseu-here, | if the temperature is too lonv, the hydrochloric 
gold is rehned hy electrolysis. Tvro processes ; acid insuScient in amount, or the current 
are used, succsssiveiy. In the dfoehius proc-es-f. j density too high, and some chlorine is taken 
a parting alloy containing about SO^o of gold , up by silver and other impurities. The result 
and 65—70^0 of silver, copper. lead, etc., in- [ is that the electrolyte gradually becomes -weaker 
eluding not more than 15% of base metals, is ' in gold chloride and more must be added at 
electrolysed in a solution containing about 2% frequent intervals. The gold chloride for this 
of free nitric acid and 3% of silver in the form ; purpose is usually prepared by dissolvmg gold 
of nitrate. Silver, copper and some other metals , in uguu regia. The AuCI/ ions migrate from 
are dissolved at the anodes, vrhich are enclosed t the cathode and it is necessary to stir the solu- 
m bags, and silver is deposited at the cathodes . tion by air-blowing or by a propeller. In 
which consist of rolled sheets of pure silver, j pulsating-current pxactic-e, -with- an alter- 
slightly oiled to reduce adhesion. The current | natfng current of strength 1-1 times that of 
density is -usually 20-30 amperes per sq. fr. of ; the feect- current, a direct current- of 125 
cathode. The ^ver may be deposited in a ' amperes per sq. ft. of anode can be used -without 
c-oherentformonthecathodes, -with, the help of a ! scraping the anodes. In practice about- 80 or 
little gelatin in the electrolyte, and subsequently i 90 amperes per sq. ft. is usuaL The amount of 
stripped oS. Sometimes the cathodes are ; gold passing into the anode mud is diminished 
conthmally scrubbed -with -wooden brushes, rrozik- ■’ by the use of the pulsating current, 
ins a-utomatieally, by which their surfac-es are- Platinum and palladinm when alloyed -with 
kept free from loose crystals of electro-deposited | gold pass into solution from the anode and are 
silver. The loose silver falls on to removable j subsequently recovered by chemical prec^ita- 
trays placed belo-w. The gold remains xmdis- ^ tion. Iridium, osmiridium and rhodium do not 
solved at the anodes and retains some silver. ; dissolve. Lead at the anode is converted into 
The c-opper, lead, zrne, etc., accumulate in the | peroxide and causes passivity. It- may also 
electrolyte- which is kept in c-ondidon by the [ reach the cathode, mafeig the gold brittle. It 
addition of acid and silver nitrate and by fee- is accordingly removed beforehand together 
quent renewal. The gold anodes are sometimes -with selenium, tellnrinm, arsenic, antimony 
boded in sulphuric acid, but if they c-ontain as [ and bismnth by toughening. When the elec- 
much as 9-50 parrs of gold per 1,000, they may be ^ trolyte becomes fo-oL owing to an accumulation 
melted at- once and cast into anodes for treat- 1 of copper and other impurities, it is dra-wn oft 
ment by the WohlwiH process. For observa- • and the metals recovered- The electrolyte is 
tions an the conductivity of electrolytes used in ' renewed, most c-onveniently, by -withdra-wing a 
the lloebrus process, see Conc-ord, £em and [part of it each day and adding a solution of pure 
I’luEigan, Trans. Amer. Inst. 3Im. Met. Eng. \ gold chloride. QTie anodes are made of such 
1926, 73, iOS. The Balbaeh-Thum proc-ess is ’ thickness (4r-12 mm.) that they can he dissolved 
similar to the 3Ioeblns process, the chief difter- ■ in 24 to 36 hours. The cathodes c-onsist of fine 
ence being that the electrodes are laid hori- [ gold and the deposited gold is usually from 999-5 
zontally in trays, instead of being suspended j to 999-9 fine. The residue at the anodes consists 
vertically in bags in the electrolyte. | chiefiy of silver chloride. 

In the TTotlinTl^Jroce?-? (Z. Electrochem. 1S95, 1 The process is particularly applicable to 
4, 379, 402, 421 ; Bose and Newman, 3Ietal- [ plariniferons gold, as in other refining processes 
ivrgy of Gold,-’ 7th ed., 1937, p. -431), the anodes i platinum is left -with the gold and lost. 
contain not more 50 parts of silver per | Chlorine Process. — -In Australia, South Africa 

LOOO and a few parts per 1,000 of base metals, j and elsewhere, gold is refined by the passage of a 
By the use of a “ pulsating *' current- {a com- [ stream of chlorine gas through the molten metal 
hination of a direct and an sifemafing current), f contained in a clay pot and covered -with borax. 
gold -with 15—17% silver can be refined, as the I The method -was invented by 3Iiner in IS67 
^ver chloride is automatically detached from | (.J.C.S. 186S, 21, 506). The (ilorine is at first 
the anodes (W oblwill, 3Iet. and Chem. Eng. s completely absorbed and combines -with aH the 



GOLD. 


309 


metals present except perliaps some of the 
platinum group. Gold itself is attacked very 
Slightly in the earlier stages. The cliloridcs rise 
to the surface and are haled out, together -with 
the borax, when they have become incon- 
veniently hulk 3 ^ Some chlorides volatilise and 
pass out of the furnace. In one modification, 
oxygen is added ■with the chlorine (Kahan, 
Trans. Inst. !Min. Met. 1918, 28, 35). When the 
gold approaches a fineness of 990, gold chloride 
is formed in rapidly increasing amounts and 
begins to appear in appreciable quantities in the 
fumes which pass through the slag. The 
stream of chlorine, which has already been 
reduced to a mere trickle, is stopped soon after- 
wards. The end-point is marked by a pecufiar 
stain (caused by gold chloride) on a cold claj' 
pipe-stem held in the is.suing fume. The re- 
mainder of the chloride slag is then removed and 
the gold cast into ingots. It is usually about 
996 fine, the residue being mainly silver. 
Platinum remains ■with the gold. Tellurium is 
difficult to eliminate. If present, it remains to 
the end and is removed by additions of nitre. 

The chloride slag is found to contain about 
2% of the gold, mainl}' in the form of minute 
:r 3 ^stalline particles, reduced from chloride of 
gold which has passed into the slag (Law, 54th 
Ann. Eept. Royal Mint, 1923, p. 97). The gold 
is collected by the addition of carbonate of soda 
to the molten slag. Part of the silver chloride 
is reduced, and the metallic silver settles to the.i 
bottom, carrying the gold ■with it. This portion 
again passes through the process. The re- 
mainder of the silver is freed from the base 
chlorides and reduced •nlth iron plates. 

The process is especiall 3 ' suitable for refining 
bullion over 700 fine in gold, ■nith the remainder 
mainly silver.' Gold of lower fineness can be 
treated but the time of treatment becomes longer 
and the cost greater {see 64th Ann. Rept. Royal 
Mint, 1933, p. 110). If the -silver is below 5%, 
there is some difficulty in removing base metals. 
The process is obviously unsuitable for dord 
bullion or platiniferous gold. One great ad%'an- 
tage is the rapidity of the process, as it brings 
98% of the gold to account in a marketable form 
in a few hours. The plant costs little and the 
running costs are low. 

Properties of Gold. — ^The characteristic 
yellow colour of gold is made redder by the 
presence of copper and paler by the presence of 
silver. In certain proportions the effi;ct of one 
of the two metals neutralises that of the other. 
In a finely di^vided state, when prepared by 
volatilisation or precipitation, gold assumes 
various colours, such as deep violet, ruby and 
purple. “ Faraday’s gold ” is a ruby coloured 
solution of colloidal metallic gold in water 
(Zsigmondy, Annalen, 1898, 301, 29; J.C.S. 
1912, 102, ii, 508). Molten gold is green. 

- Gold is the most extensible of aU metals, and 
can be reduced by hammering to a thickness of 
- 0-00008 mm. Its malleability and ductility are 
reduced by the presence of impurities, of which 
bismuth, lead and tellurium have the most 
strikmg effects. Gold containing 0-25 per 1,000 
of bismuth is brittle. The melting-point of 
pure gold is 1063°, but if it contains 0-2% of 
tellurium, it softens at 432°, the melting-point 


of the eutectic of gold and the compoimd 
AuTe,. The presence of most other metals 
reduces the melting-point of gold, but it is 
raised by platinum. It begins to volatilise in 
vacuo in a quartz vessel at 1070° and boils at 
1800° under the same conditions (Ivrafft and 
Bergfeld, Ber. 1905, 38, 254). The density of 
cast gold is about 19-3, but that of precipitated 
gold is higher, and when gold is crystallised from 
solution its density is given ns 19-43. It 
crystallises in the cubic sj’stem. 

Gold is unaffected by the air at all tempera- 
tures and can be melted and solidified -without 
being changed. In large pieces, it is not per- 
ceptibly attacked by alkafis or by nitric, sul- 
phuric or hydrochloric acid, but, when finely 
divided, it is slightly soluble in boiling HCI 
and in boiling HNO3. It is freely soluble in 
aqua regia or other mixtures, evol-ving one 
of the halogens, and more slowly in cyam'de 
solutions in the presence of air. Its compounds 
are generally formed -with difficulty and decom- 
posed verj' easily "(vith the liberation of the metal. 

Alloys of Gold. — The gold-copper alloys are 
harder, more fusible, of higher tensile strength 
and less malleable and ductile than pure gold. 
The metals are miscible in all proportions when 
molten and on solidification separate only to a 
sh'ght degree. The first additions of copper to 
gold cause a rapid lowering of the melting-point, 
the minimum of 884° being reached at the brittle 
alloy containing gold 82%, copper 18%. On 
cooling the solid solution of gold and copper 
which exists at high temperatures, gradual 
decomposition occurs with the formation of the 
compounds AuCu and AuCUg (Haughton and 
Pa 5 Tie, J. Inst. Sletals, 1931, 46, 457 ; Kumakov 
and Ageew, ibid. 481 ; Grube, Z. anorg. Chem. 

1931, 201, 41). The transition point is not far 
below 400°. The compound AuCu is hard and 
brittle and alJoj^s containing much of it cannot 
be rolled or dra-(vn. The effects are pronoimced 
in the alloj'S containing 50-75% gold but are 
reduced by quencliing (E. A. Smith, Metal Ind. 

1932, 41, 28). The densities of the alloys when 
cast are as follows (Hoitsema, Z. anorg. Chem. 


1904, 41, 65) : 


Proportion of gold, %. 

Density. 

100 

19-30 

91-66 

17-35 

90-0 

17-17 

75-0 

14-74 

58-3 

12-69 

25-0 

10-03 

The densities of gold wares. 

which consist of 


triple alloys of gold, silver and copper, are 
higher. 

Qold-silver alloys are soft, malleable and 
ductile and all their properties are intermediate 
between those of gold and silver. The colour is 
dominated by the silver, the alloy containing 
37-5% of gold being only just distinguishable 
in colour from pure silver. Alloys containing 
not less than 65% of silver are almost com- 
pletety parted by boiling nitric or sulphuric acid, 
the silver being dissolved and an allotropic form 
of gold left behind as a bro-wn sponge or powder 
(Hanriot, Bull. Soc. chim. 1911, [iv], 9, 139, 
339 ; Compt. rend. 1912, 155, 1085). The gold 
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obstinately retains about 0-1% of silver, and 
on continued boiling in strong nitric acid, 
some gold is dissolved whilst the proportion of 
silver is reduced very slowly- The presence of 
copper facilitates the action of the acid but does 
not alter the final result. 

Amalgams or alloys of gold and mercury are 
formed at ordinary temperatures by direct union 
of the two metals. Mercury dissolves 0-11% 
of gold at 0° and 0T26% at 100° (Kasantseff, 
BuU. Soc. chim. 1878, [iij, 30, 20), and gold 
absorbs mercury, forming a silver-white solid 
alloy containing about 40% of gold. At 440° 
most of the mercury is removed by volatilisa- 
tion, the residue containing about 75% of gold. 
At a bright red heat, almost all the remainder 
of the mercury is distilled off. In the alternative, 
the mercury can be removed by dissolving it in 
nitric acid. Parravano (Gazzetta, 1918, 48, 
ii, 123) states that gold amalgams contain at 
least two compounds, AuaHgg and AUgHg (c/. 
Paal and Steyer, KoUoid-Z. 1918, 23, 145); 
Plaksin (Am. Inst. Anal. Chim. Leningrad, 1928, 
4, 336) gives the compounds as AuHgj and 

AUgHg. 

Gold-iron alloys are hard but malleable and 
ductile (Isaac and Tammann, Z. anorg Chem. 
1907, 53, 281; Nowack, Z. Metalik. 1930, 22, 
97). Alloys containing between 15 and 20% 
of iron are used in jewellery in France under the 
name or gris. Their colour is gre 3 Tsh-yeIlow 
and they melt at temperatures higher than that 
of pure gold. Or bleu contains 25% of iron. It 
melts at a temperature of 1,160°. 

Gold forms a brittle purple compound with 
aluminium, Au Ai^ (aluminium 21-5% ) (Heycock 
and XeviUe, Phil. Trans. 1900, A, 194, 201 ; 
1914, A, 214, 267). The compound AuZn, con- 
taining 25% of zinc, is of a pale lilac colour and 
is also brittle. The compounds Au 3 Zn and 
AuZUg also exist (Soldau, J. Inst. Metals, 1923, 
30, 351 ; 1926, 36, 454). Zinc removes gold 
from molten lead, and aluminium has the same 
property, -the compound formed being AuAig. 

Uses of Gold .-^old is used in the form of its 
alloj^s with copper, silver, etc., in the manu- 
facture of coin, plate and jewellery. Gold leaf 
is used for gilding by hand and potassium auro- 
cyanide is used in gold plating baths. Gold 
is also used in photography (in the form of 
sodium chloroaurate) ; in dentistry’' (as alloys) ; 
in medicine (as the chloride) ; and in the manu- 
facture of mirrors for reflecting purposes. In 
the form of Purple of Cassius, and as leaf it is 
used for colouring and decorating glasses, glazes 
and enamels. Gold lace consists of extremely 
fine strips of gold twined round silk and contains 
about 2-5% of gold by weight. A large propor- 
tion of the gold production remains in the form 
of refined ingots which are used in international 
exchange. 

G'old Wares . — ^The alloys used in the manu- 
facture of gold wares consist of gold, silver and 
• copper. The wares are usually made from 
rolled plates which are cut out by punches and 
struck between dies. The pieces are fitted 
together by hand, usually by means of soldering. 
Solders have fusion points lower than the gold 
objects with which they are to be used. They 
usually contain gold, silver, copper, zinc and 


cadmium in proportions varying according to the 
colour of the alloy required. Decorative work 
is carried out by hand-hammering, engraving, 
chasing, etc. The wares are “ coloured ” or 
pickled by a process which removes the silver 
and copper from the surface and leaves -a coating 
of pure gold, afterwards burnished. In pickling, 
the wares are heated to redness in air and the 
blackened surface is removed by boiling in 
dilute sulphuric or nitric acid, after which the 
colour is improved by immersion in hot mixtures 
of nitre, common salt, alum, etc. In the United 
Kingdom the 18-carat alloy (i.e. gold) was 
introduced in 1477, the 22-carat aUoj’^ in 1573, 
and the 15-, 12- and 9-carat standards in 1854. 
In 1932 the 15- and 12-carat alloys were 
abolished as legal standards and in their place 
a new standard containing 585 gold per 1,000 
was adopted, closely approximating to 14-carat 
gold (683-3 parts of gold per 1,000). The 9- 
carat alloys are used for the greatest amount of 
jewellery. They offer much scope for variations 
in colour. In addition to silver and copper the 
alloying metals include zinc, cadmium, nickel 
and occasionally iron. A small quantity of 
zinc is frequently added in the form of brass 
(“ compo ”). The zinc acts as a deoxidiser and 
assists in producing sound metal. The 14-carat 
alloys are also much used. Annealing at too 
high a temperature, say above 650°, or for too 
long a time impairs the workmg qualities of these 
alloys. Quenching at above 500° results in a 
greater degree of softness. Zinc is often added 
to both 14- and 18-carat alloys as a deoxidiser 
and degasifier (Carter, Amer. Inst. Min. Met. 
Eng., Tech. Publ. 86 ; E. A. Smith, Metal Ind. 
1931, 39, 123 ; 1932, 41, 28). 

Imitation gold wares sometimes consist of 
alloys of copper with aluminium, zinc, etc. 
" EoUed gold ” (E. A. Smith, J. Inst. Metals, 
1930, 44, 175) is made by sweating or soldering a 
sheet of gold aUoj-^ to a sheet of silver or base 
metal and then rolling. In “ gold filled ” wares, 
a gold sheet is soldered on each side of the base 
metal before the rolling. Electro-^ding is 
carried out in baths containing potassium auro- 
cyanide with anodes of pure gold. Various 
colours of the deposit may be obtained according 
to temperature and current density (Sizelove, 
Monthly Rev. Amer. Electroplaters’ Soc. 1931, 
18, 45). Gilding by simple immersion in hot amro- 
cyanide solutions is also practised. In mercurial 
^ding, gold amalgam is brushed over the surface 
of articles and the mercury driven off by heat. 

Gold Leaf contains from 90 to 98% of gold, 
the rest being silver and copper. The metal is 
cast into little flat bars which are rolled out with 
frequent annealings until about 0-33 mm. thick. 
The strip of gold is then cut into pieces of 1 in. 
square and these .are interleaved with vellum 
and beaten with a 16-lb. hammer to 4 in. 
square. They are again cut up and beaten out 
between gold-beaters’ skins. The book of 25 
leaves, each about 3^ in. (8-25 cm.) square, con- 
tains from 4 to 10 grains (0-26-0-65 g.) of gold. 
The leaves are from 0-00008 to 0-0002 mm. tfack, 

T. K. R. 

GOLD, THE COMPOUNDS OF.— 

The chief classes of gold compounds are the 
aurous compounds in which the metal is uni- 
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valent and tlie auric compounds in vliich it is 
ter%-alent. There is an intennediate class, 
anroanric compounds, in the molecules of which 
there are equal numbers of univalent and tcx'- 
valent gold atoms. Whenever gold is in aqueous 
solution either in the aurous or axiric conditions 
it is always present as a complex ion and, ns 
far as our present knowledge goes, there is no 
e\ddenco for the existence in gold salts of the 
aurous (Au'’") and of the anrio (Au+++) ion. 
In its compounds gold is alwaj’s co-ordinated. 
In the typical aurous and auric compounds gold 
is 2-covalent and 4-covnlcnt, respectively, and 
then has the corresponding effective atomic 
numbers of 82 and 84. In certain compounds 
which arc exceptional aurous gold may bo 4- 
covalent and auric gold may be 6-covalent ; and 
in both cases gold then attains an effective 
atomic number of 86, corresponding to the 
atomic number of radon, the next inert gas 
(Dothie, Llewelljm, Wardlaw and Welch, J.C.S. 
1939, 420 ; Brain and Gibson, ibid. 1939, 762). 
Recent investigations indicate that such com- 
pounds as auric bromide, auric chloride, aurous 
bromide, aurous cliloride and aurous cyanide are 
not salts but are non-electrolytes. Thej”^ arc co- 
ordinated compounds in which the gold atom 
has a co-ordination number of four or two, 
depending on whotlicr it is in the auric or aurous 
condition. This conception involves a revision 
of the constitution of many gold compounds. 
Tins maj’^ involve in some cases a change of 
nomenclature and, to emphasise the non- 
electrolytic character of the above simple com- 
pounds, they may bo given the alternative 
names of tribroraogold, trichlorogold, mono- 
bromogold, monochlorogold, monoiodogold and 
monocyanogold respectively. 

Gold Tribromide (auric bromide, tribromo- 
gold), is prepared b 3 ’’ adding slowly at least twice 
the theoretical quantity of pure bromine to a 
weighed amount of pure and finely precipitated 
gold contained in a wide mouth glass flask pro- 
vided with a ground stopper. The bromine and 
gold are brought into intimate contact and only 
sufficient cooling to avoid undue loss of bromine 
is employed during the mixing. When all the 
bromine has been added the contents are allowed 
to stand at the ordinary temperature for some 
hours in the stoppered flask. The flask with its 
•stopper removed is then alloAved to stand over 
sodium hydroxide until bromine vapour is no 
longer evident in the apparatus. The residue, a 
compact dark-red crj’stalline mass, is pure gold 
tribromide (Gibson and CoUes, ibid. 1931, 2407). 

Gold tribromide is decomposed by water, 
aurous bromide and hydrobromoauric acid being 
produced. It is insoluble in ether, in the presence 
of which it imdergoes decomposition, aurous 
bromide being formed and the ether becoming 
brominated. It is also insoluble in ether 'con- 
taining anhydrous hj'drogen bromide and is 
sparingly soluble in bromine. Its molecular 
weight in boiUng bromine indicates that its 
molecular formula is (AuBcg), and its constitu- 
tion is convenientlj' represented : 


Br. ,Br\ . 

/Au^ /Au/ 
Br^ \ 


Br 

Br 


The magnetic susceptibilit.v of gold tribromidc 
at 19° is 0'23xl0~® e.m.u. On being 
heated in a closed evacuated tube, it xmdergoes 
dissociation below 100°; the evolved bromine 
docs not wholh' recombine on cooling even after 
manj' months (Burawoy and Gibson, ibid. 1935, 
217). 

Gold tribromido is readilj* soluble in aqueous 
solutions of bromides and chlorides and such 
solutions afford the most convenient sources 
of hj'drobromoauric acid and its salts as well as 
of mixed chlorobromoaurates. 

Hydrobromoauric Acid, HAuBr4,3HoO 
(Lcngfcld, Amor. Chem. J. 1901, 26, 324), maj*^ bo 
conveniently obtained by the careful evapora- 
tion, finallj' under reduced pressure, over potas- 
sium hj'droxidc at the ordinary temperature, of 
n solution of gold tribromide in an aqueous 
solution of hydrobroraic acid. It crj'stallises 
in long dark-red needles which arc hygroscopic 
and soluble not onlj’ in water but also in other. 
AVhen carefull}' heated it becomes anhjulrous 
and is then insoluble in ether. 

The salts of hj'drobromoaiiric acid with in- 
organic bases are best prepared by dissolving 
pure gold tribromide in an aqueous solution con- 
taining the calculated amount of the inorganic 
bromide and evaporating the solution to crj'stal- 
lisation in a dust-free atmosphere. Although 
highly soluble, these decplj' coloured salts, 
bromoaurates, can be recrystallised from water. 
Manj' such salts are known and typical 
ones have the compositions: NH 4 AuBr 4 ; 
NaAuBr4,2H20; KAuBr4,2H20; RbAuBr4; 
CsAuBr 4 ; *Mg(AuBr4)2,'6H20 (Gibson, 
private communication); Ba(AuBr 4 ) 2 . A com- 
prehensive series of bromoaurates of organic 
bases has been described bj' Gutbier and Huber 
(Z. anorg. Chem. 1914, 85, 383). The X-raj' 
examinations of the potassium salt have been 
carried out bj' Cox and Webster (J.C.S. 1936, 
1635). 

Co-ordination compounds of gold tribromide 
with suitable organic bases can bo prepared 
either bj’’ the direct interaction of the gold 
compound and the base or by the following 
reaction: IVlAuBr 44 -B=MBr-bB'AuBr 3 (M = 
univalent metal) (Gibson and Colies, l.c.). The 
following are the constitutional formula) of some 
of these non-eiectrolj’tic 4-covalent auric com- 
pounds : 




,Br 


Au^ 
Br/ \Br 

Pyridinotribiomo- 

gold. 


/Br 

,Au/ 

Br-^ ^Br 

Quinolino- and iso- 
quiiioliuo-trlbromogold. 


(2)H2N-C5H4N. /Br 

/AUv 

Br/ ^Br 

2-AininopyridinotrlbromogoId. 


5r 

/C6H4N->Au/Br 
/ ^Br 
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Br 

^CsH4N->Au^B'r 
XBr 

Di-2-pyridylaniinotribromogoId 
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These co-ordination compounds are aU deep 
red in colour and highly crystalline. They are 
stable and although sparingly soluble they can 
be recrystallised from solvents, e.g. chloroform 
and carbon tetrachloride -which do not imdergo 
oxidation or bromination. 

When ethylenediamine is used in the above 
reaction the solution becomes pale yellow, and 
on addition of alcohol diethylenediaminogold 
tribromide (diethylenediaminoauric bromide) 


HgN 


NH, 


\ / 

\ 

H4C2 Au CgHi 


HjN 


/ 


\ 


NH. 


Br, 


crystallises in yellow glistening needles. This 
salt, in which auric and 4-covalent gold is part 
of a complex tervalent cation, like the co- 
ordination compounds described above, is 
decomposed by hydrobromic acid, hydrobromo- 
auric acid and the hydrobromide of the base 
being formed. 

By recrystaUisation of the compounds of the 
type, B'AuBrg, from the liquid base B, salts 
of the type {B2AuBr2)Br are formed. The 
compound dipyridinodibromogold bromide, 




'5H5 


\Br 


Br, 


is a dark-red, crystalline, soluble salt which on 
being heated first loses a molecule of pyridine 
and is converted into the non-electrolyte, 
pyridinotribromogold, already mentioned. 

Diethylenediaminogold tribromide (di- 
ethylenediaminoauric bromide) is analogous to 
the colourless ciystalline salt tetramminoauric 
nitrate, [Au (N 1^3)4] (N 03)3 (Weitz, Annalen, 
1915, 410, 117) winch is prepared by adding a 
dilute solution of hydrochloroauric acid saturated 
■with ammonium nitrate to a saturated solution 
of ammonium nitrate, treating the mixttue with 
ammonia and washing the precipitate -with water. 
It can be recrystallised from warm water. 
Examples of other salts which have been 
obtained are: the phosphate, RP04,H20, the 
oxalonitrate, RN 03(0304), the perchlorate, 
R(CI04)3, the oxaloperchlorate, RCJ04(C204), 
the chlorate, R (0103)3, the sulphatonitrate, 
R(N03)(S04), and the chromate, R2(0rO4)3 
where R=[Au(NH3)4]"’~*^‘. All these salts are 
highly stable in the solid condition and retain 
their ammonia even in the presence of concen- 
trated acids. The salts with halogen acids, 
hydrocyanic and thiocyanic acids have not been 
obtained. 

Co-ordination compounds of gold tribromide 
with organic sulphides are also known. Di-j 
benzylsulphidolribromogold, (O7 H^lgS-^Au Bfg, 
is prepared by the action of bromine on dibenzyl- 
sul phidomonobromogold (see below) . It is a deep- 
red highly crystalluie non-electrolyte, soluble 
in benzene, m.p. 129° (decomp.) (Gibson and 
Tyabji, private communication). 


Gold Trichloride (auric chloride, trichloro- 
gold) can be obtained by the direct action of a 
large excess of chlorine on finely divided pure 
gold (Bose, J.C.S. 1895, 67, 905). The reaction 
can be carried out even at 1,100°, although in the 
absence of excess of chlorine gold trichloride is 
completely decomposed at a lower temperature. 
The most convenient way of preparing the com- 
pound is by heating pure hydrochloroauric acid, 
HAuCl4,3H20, at 200° in a current of dry 
chlorine (Diemer, J. Amer. Chem. Soc. 1913, 35, 
555). 

Gold trichloride forms small, deep claret-red 
prismatic crystals (Pope, J.C.S. 1895, 67, 906). 
It is deliquescent and dissolves in water ; from 
this solution by careful evaporation at the 
ordinary temperature orange-red crystals of the 
so-called dihydrate, AuClg,2H20, separate. 
This in all probability is a salt. 




H, 


L» »2 


V /Cl 

\ci 


Cl, 


diaquodickloroauric chloride ; it is not stable and 
tends to decompose, yielding aurous chloride 
(gold monochloride, monochlorogold) and hydro- 
chloroauric acid. 

The molecular weight of gold trichloride be- 
tween 150° and 260° corresponds with the 
formula (AuCIglg (W. Fischer, Z. anorg. Chem. 
1929, 184, 333) and its constitution is analogous 
to that of gold tribromide (p. llld). 

The volatilisation and dissociation of the com- 
pound have been studied by a number of in- 
vestigators, particularly Bose {l.c.) and Ephraim 
(Ber. 1919, 52, 241). At atmospheric pressure, 
gold trichloride dissociates into aiuous chloride 
and chlorine at 254— 256°, further decomposition 
of the aurous compound taking place at 290°. 

The statement frequently made that gold tri- 
chloride (auric chloride) is soluble in alcohol, 
ether and other organic solvents is not correct. 
Willstatter {ibid. 1903, 36, 1803), who stated that 
gold chloride is soluble in ether, was mvesti- 
gating the properties of hydrochloroauric acid, 
HAuCl4,3H20, and this compormd (see below) 
is soluble in ether. Many of the properties 
formerly ascribed to gold trichloride are those 
of hydrochloroauric acid and of sodium chloro- 
aurate, and by “ gold chloride ” in certain 
recipes relating to the photographic process, etc., 
is frequently meant either hydrochloroauric acid 
or sodium chloroaurate. In the older literature 
“ a solution of gold chloride ” generally means 
“ a solution of hydrochloroauric acid.” 

Gold trichloride is soluble in hydrochloric acid 
and hydrochloroauric acid is formed. When this 
solution is evaporated and finally left in a 
desiccator over potassium hydroxide the red 
crystalline residue has the composition 

HAuCl4,3H20; 

this compoimd is soluble in ether but the 
anhydrous acid is insoluble in that solvent. 
Theoretically, the chloroaurates may be obtained 
by neutralising a solution of hydrochloroauric 
acid with the appropriate base. In practice,^ the 
chloroaurate is more conveniently obtained 
when an excess of the appropriate cation is 
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present as provided by a solution of the chloride. 
The cliloroaurates are also prepared by dis- 
solving gold triclilorido in a warm solution of the 
appropriate metallic chloride. A large number 
of chloroaurates have been described. The 
sodium and potassium salts, NaAuCl 4 , 2 H 20 
and KAuCl 4 , 2 H 20 resj)ectively, are both used 
for toning silver photographic prints (Kebler, 
J. Franklin Inst. 1900, 150, 236 ; Johnson, 
J.S.C.1. 1901, 20, 210). The ammonium salt has 
the composition N H4AuCl4,3H20. The browm 
orthorhombic crystals obtained by Pollard 
(J.C.S. 1902, 117, 99) by adding ammonium 
chloride to a solution of gold in aqua regia con- 
taining ammonium chloride, to which silver 
nitrate has also been added, are evidently those 
of a complex salt having the composition 
3AgAuCl4-(NH4)AuCl4-7NH4CI. The cal- 
cium, strontium and barium salts have the 
general formula M (AuCl4)2,6H20. Numerous 
other inorganic salts have been described ; they 
are generally characterised by being highly 
crystalline, soluble in water and of a deep yellow 
or orange colour. Chloroaurates of many organic 
bases have also been prepared, since these latter 
comjpoxmds have, in many cases, been identified 
through their salts with hydrochloroauric acid. 

Co-ordination compounds of gold trichloride 
with organic bases are analogous to the corre- 
sponding compounds of gold tribromide and are 
prepared by similar methods. A convenient 
method of preparing the yellow pyrklinotri- 
chlorogold, 


\ 
Cl^ 


/Cl 


5 


{cf. Fran 5 ois, Compt. rend. 1903, 136, 1667) is 
by dissolving sodium acetate in an aqueous 
solution of hydrochloroauric acid (not neces- 
sarily free from hydrochloric acid) and adding 
1 mol. proportion of pyridine for each molecular 
proportion of hydrochloroauric acid. This non- 
electrolyte may be recrystaUised from non- 
oxidisable solvents which do not undergo 
chlorination. When recrystaUised from pyridine 
it is converted into the orange-coloured salt, 
dipyridinodichloroauric chloride, 


TJio early work on this substance as weU as on 
the corresponding acid and salts, iodoaurates, 
needs repetition (c/. Jolmston, Phil. Mag. 1836, 
[iiij, 9, 266). 

There is also little satisfactory evidence for 
the existence of the. fluorine derivative of ter- 
valent gold. 

Gold Monobromide (aurous bromide,mono- 
bromogold) produced by heating gold tribromide 
or hydrobromoaurio acid is always likely to be 
contaminated with the metal. It can be ob- 
tained in a state of purity by heating mono- 
othyldibromogold {see p. 120d) at 60° to constant 
weight (about 30 minutes) the foUowing reaction 
taking place: 

>Au<: /Au< = 2 C 2 HBBr-f 2 AuBr 

CoH/ '-Br/ \Br 

As the molecular weight of the compound has 
not been determined the molecular formula 
should for the time being be -written (AuBr)n 
and the constitution is probably best repre- 
sented thus : 

->• Au — Br Au — Br ->■ Au — Br -> 

When the compoimd is prepared by the above 
method (Burawoy and Gibson, J.C.S. 1934, 
860 ; 1935, 218) it is obtained in yeUo^vish-green 
crystals. It forms co-ordmation compounds in 
which, as in the original compound, the aurous 
gold is 2-covalent. Examples of such co-ordi- 
nation compounds are pyridinomonobromogold, 
CgHgN ->• Au — Br (Burawoy and Gibson, l.c. 
1936); the compound with phosphorus tri- 
bromido, Br3P->Au — Br; dibemylstdphido- 
monobromogold, (C7Hy)2S ->- Au — Br (Gibson 
and Tyabji, 1937, private communication). The 
diammino compound is a salt having the con- 
stitution [HgN Au N H3]Br and described 
as diamminoaurous bromide. 

Hydrobromoaurous Acid has not been 
isolated but it is present in theoretical quantity 
in the solution obtained by reducing an ethyl- 
alcoholic solution of potassium bromoaurate by 
means of sulphur dioxide, the reaction taking 
place being : 


Cl 


When this compound is gently heated it loses 
pyridine and is converted into pyridinotri- 
chlorogold before undergoing more profound 
decomposition. Co-ordination compounds with 
dibenzyl sulphide and aliphatic sulphides having 
the general formula RgS-^AuClg are well 
authenticated (Herrmaim, Ber. 1906, 38, 2813; 
Smith, J. Amer. Chem. Soc. 1922, 44, 1769; 
Ray and Sen, J. Indian. Chem. Soc. 1930, 7, 
67). The so-called salts of gold trichloride with 
sulphur tetrachloride, selenium tetrachloride 
and nitrosyl chloride are probably co-ordination 
compounds analogous to pyridinotrichlorogold. 
Gold trichloride also forma a complex compound 
with stannic chloride. 

- The evidence for the existence of the iodine 
derivative of tervalent gold is not conclusive. 

VoL. VI.— 8 


Cl 


\ 


Au 


/NCeHg- 


Cl/ '■^NCr.H, 


KAuBr4-l-S02+2H20 

= H AuBPa-f KBr-l- H 2 S 04 -f H Br 

The colourless solution is stable and if excess 
sulphur dioxide has been used it may be ex- 
pelled by heating the solution on the water bath. 
It can bo filtered from precipitated potassium 
bromide, and on long exposure to air, or con- 
siderable dilution with water, gold is precipitated 
and the solution becomes coloured owing to the 
formation of bromoaurate (Brain, Gibson and 
Imperial Chemical Industries Limited, B.P, 
497746). 

Gold Monochloride (aurous chloride, mono- 
chlorogold) has probably a constitution analogous 
to that of the corresponding bromine compoimd. 
It is a yello-wish powder formed by heating the 
trichloride at 170-180° ; at higher temperatures 
further decomposition takes place (Rose, J.C.S. 
1895, 67, 881, 905; Campbell, Trans. Faraday 
Soc. 1907, 3, 103). It is insoluble in water and 
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is slowly attacked by bydrochloric acid, gold 
and bydrocbloroanric acid being produced, 

3AuCl+HCl -> HAUCI4+2AU. 

When an alcoholic solution of a cbloroaurate 
is reduced with sulphur ' dioxide the solution 
hecomes paler in colour but does not become 
colourless and gold separates after some time 
in quantitative amount. If hydrochloroaurous 
acid is formed it is evidently less stable than 
hydrobromoaurous acid (see above). Certain 
salts of hydrochloroaurous acid which have been 
described do not appear to have been definitely 
authenticated. 

A number of co-ordination compounds of gold 
monochloride have been described ; examples of 
these are the compound with phosphorus tri 
chloride, CI3P Au — Cl, and compounds of 

the general formulse R3P -> Au — Cl and 
RgAs -> Au — Cl (Mann, Wells and Purdie, 
J.O.S. 1937, 1828) where R=aIkylgroup. These 
alkylphospbine and alkylarsine derivatives are 
volatile and the former yield brilliant gold films 
when their vapours are heated. Amminomono 
cJilorogold and dihenzyleulphidomonochlorogold, 
{C7 1^7)28 Au — Cl (Herrmann, Per. 1905, 38, 

2813) are compounds of similar type. 

Diammlnoaurous Chloride (Ephraim, ibid. 
1919, 52 [B], 241) is analogous to the corre- 
sponding bromine compound and is a salt having 
the constitution [N Hg Au N H3]C1. In 
aU these co-ordination compounds the aurous 
gold atom is 2-covalent. Compounds containing 
3 and 12 mol. of ammonia to each molecule of 
gold monochloride have been described {see 
below). 

Sulphur compounds structurally analogous to 
diamminoaurous chloride have been investi- 
gated by Morgan et al. (J.C.S. 1922, 121, 
2882 ; 1928, 143). By adding dimethyldithiol- 
ethylene, CH3S-C2H4-SCH3, to hychrochloro- 
auric acid dissolved in ether the yellow dichloro- 
dimethylthiolethyleTieauric chloride (I) is precipi- 
tated and in the presence of moisture this 
is converted into dimethyldithiolethyleneaurom 
chloride (11). 


rCHg— SMev 
CHg— 
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Cl 
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LCH, 
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Cl 


By interaction of hydrochloroamfic acid and 
ethylenethiocarbamide bisdiethylenethiocarhami- 
doaurous chloride (III) is obtained in colourless 
crystals. The corresponding nitrate (anhydrous) 
and- bromide (IHgO) and oxide are abo de- 
scribed together with the non-electrolyte ethy- 
leneihioca^amidoiodogold (IV). -.From thiocar- 
bamide, Morgan and Ledbury obtained the 
colourless crystalline bisfhioah'bamtdoaurous 
nitrate (V) as well as the anhydrous compound 
(c/. Pveynolds, .J.C.S. 1869, 1). ' 
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The constitutions of the non-electrolytes 
(NHg)gAuCl (ileyer, Compt. rend. 1906, 143, 
280), (NH3)2{P(6lVIe)3}AuCl (Levi-Malvano, 
Atti. E,. Acad. Liucei, 1908, 17, 857) do 
not necessarily conflict with the stable 2- 
covalency of the aurous gold atom and such com- 
pormds may contain co-ordinated hydrogen 
atoms. On the other hand, certain investigators 
(cf. Mann, Welb and Purdie, l.c.) regard such 
compounds as containing 4-covalent aurous 
gold (see below). The substance stated to have 
the composition AuCI-12NH3 (Meyer, Compt. 
rend. 1901, 133, 815) and prepared by the action 
of ammonia on gold monochloride -at —28° 
easily loses ammonia and b converted into the 
stable diamminoaurous chloride mentioned 
above. 

Fluorine has no action on gold at the ordinary 
temperature but is stated to corrode the metal 
at higher temperatures. It b doubtful whether 
a compound having the empirical formula 
AuFg has been isolated and no corresponding 
aurous compound has been described. 

Gold Monoiodide (aurous iodide, monoiodo- 
gold) having the empirical formula Aui is 
prepared by the action in aqueous solution of 
potassium iodide on potassium chloroaurate, 

KAuCL-f3KI 


4KCl-l-Aul-f I2 

The precipitated compormd b freed from ad- 
mixed iodine by gently warming (35°) ; unless 
specbl precautions are taken metallic gold b 
generally present. If excess of potassium iodide 
b used some gold remains in solution indicating 
the possibility of the formation of a salt, K Au 1 2 
or KA'u I4; but such compounds have not been 
bolated. 

Aurous iodide b a yellow crystalline powder 
which is decomposed by hydriodic acid and by 
an aqueous solution of potassium iodide, metallic 
gold being produced. It has been suggested that 
hydroiodoauric acid (or the potassium salt) may 
be present in the solution 

3AuI-f HI HAul4-f2Au. 

Like other aurous halides aurous iodide forms 
compounds with ammonia of which the most 
steble is amminomonoiodogold, HgN -> Au — I 

(Mejmc, l.c.). Triethylphosphinomonoiodogold, 

(CgHglgP-^Au — I, m.p. 40°, iri-n-butylphos- 
phinomonoiodogold, . (C4Hg)3P-^Au — I, b.p- 
220-225°/0'2 mm., and trimelhylarsinomonoiodo- 
1 goU, (CHglgAs -3- Au— I, m.p. 176-178° (Mann, 
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Wells and Purdic, l.c.) are stable compounds 
and afford further e.vamples of the 2-covalency 
of aurous gold. 

There is some doubt concerning the existence 
of the so-called aurosoauric bromide and chloride, 
compounds having the general empirical formula 
AuXo. Neither of these compounds has been 
ade^uatelj’’ described, but there is reason for 
believing that they may be capable of existing 
under certain conditions and if so it is suggested 
that their constitutions may be represented 
thus ; 

X 

X Au -e- X-Au -t- 

X 

I 

Au 

X 

X I 

XAu<-XAu<-XAuX 

X X 

Au 

X 

I 

i.e. as a zig-zag chain containing alternate ter- 
valent and 4-covalent auric gold atoms and 
univalent and 2-covalent aurous gold atoms. A 
formerly suggested constitution, AuCAuXJ, 
representing tiio compounds as aurous salts is 
much less probable. 

Cyanides. — In the presence of air or oxygen 
gold dissolves in an aqueous solution of potas- 
sium (sodium) cyanide, the following reactions 
taking place : 

2Au+4KCN-f2H20-}-02 

=2KAu (CN)2-f2KOH+ HoOg 

2Au-h4KCN-f H 2 O 2 = 2KAu (CN )2 -f 2KOH 

This is the basis of the McArthur-Forrest process 
(1887) most extensively used in gold extraction 
(q.v.). The gold goes into solution as the 
potassium {sodium) aurocyanide which can be 
obtained in colourless crystals by careful 
evaporation of a solution of gold monocyanide 
(aurous cyanide, monocyanogold, see below) con- 
taining the calculated quantity of potassium 
(sodium) cyanide. 

Gold Monocyanide (aurous cyanide, mono- 
cyanogold) was originally prepared by adding 
hydrochloric acid to 'an aqueous solution of 
potassium aurocyanide, carefully evaporating 
the solution to dryness and washing the product 
with water. It is obtained pure as a somewhat 
yellowish powder by gently heating the dialkyl- 
monocyanogold compounds' (see below) above 
their melting-points. Its molecular weight has 
not yet been determined and the molecular 
formula should be written as (AuCN)n, its 
constitution being represented thus, 

Au— C=N -> Au— C=N Au— C=N 

(Gibson, Proc. Roy. Soc. 1939, A, 173, 160 ; c/. 
West, 2. Krist. 1935, 90, 565). 

Potassium Aurocyanide, KAu(CN)2 (see 
above), is obtained by crystallisation of the aurous 


solution prepared by dissolving gold in the 
presence of air or oxygen in an aqueous solution 
of potassium cyanide or by crystallising a 
solution of aiwous cyanide in aqueous potassium 
cyanide solution. It is present in the aqueous 
solution obtained by the addition of potassium 
cyanide to hydrocMoroauric acid. It is a colour- 
less crystalline salt which yields colourless solu- 
tions in water (solubility, 14*3 g. in 100 c.c. at 
the ordinaiy temperature and 200 g. in 100 c.c. 
at 100°). According to Rose and Newman 
(“ The Metallurgy of Gold,” 1937, p. 73), the 
aqueous solution of potassium aurocjmnide used 
for the electro-deposition of gold may be pre- 
pared (i) bj"- dissolving the “ fulminating gold,” 
precipitated by adding ammonia to hydro- 
chloroauric acid, in potassium cyanide, or (ii) by 
dissolving purified auric hydroxide (see belotv) 
in aqueous potassium cyanide, or (iii) by passing 
an electric current through an aqueous solution 
of potassium c3mnido using a gold anode. 

. The precipitation of gold from aqueous solu- 
tions of potassium (sodium) aurocyanide which 
can be represented in its simplest form by the 
equation 

Zn-f 2KAu (CN)2=K2Zn (CN)4-h2Au 

is used industrially. Other metals more electro- 
positive than gold may be used. Oxalic acid, 
sulphurous acid and mercurous chloride are 
stated to precipitate aurous cj'anide from 
aqueous solutions of potassium aurocyanide. 

Aurocyanides of sodium, ammonium, calcium, 
barium, zinc and cadmium have been prepared. 
Like potassium aurocyanide, all these jueld a 
precipitate of aurous c^mnide with evolution of 
hydrogen c^mnido when treated with mineral 
acids. Co-ordination compounds of potassium 
aurocyanide with 2:2'-dipyridyl and 4:5-(o-) 
phenanthroline in which the aurous gold atoms 
are 4-covalent have been investigated by Dothie, 
Llewellyn, Wardlaw and Welch (J.C.S. 1939, 
426). 

The cyano derivative of tervalent gold (auric 
cyanide) has not -been prepared. 

Potassium Auricyanide (potassium. cyano- 
aurate), 2KAu(CN)4,3H20, is described as 
being obtained in colourless crystals by adding 
an aqueous solution of potassium cyanide to 
sodium chloroaurate until the precipitate formed 
redissoJves, and carefully evaporating the solution 
which should be colourless {see Potassium 
Aurocyanide). Derivatives of potassium auri- 
cyanide (cyanoaurate) in which the cyanogen 
radical is replaced by halogens (not fluorine) 
have been described (Lindbom, Ber. 1877, 10, 
1725). 

Oxides of Gold. — ^The lower oxide of gold, 
which would be expected to have the empirical 
formula AU2O, does not exist. A critical and 
experimental review of the composition of the 
material prepared as described by Piguier (Ann. 
Chim. Phys. 1844, [iii], 11, 339), by Kriiss 
(Annalen, 1887, 237, 276) and by his own more 
suitable methods has, been made by Pollard 
(J.C.S. 1926, 1347), who concludes that material 
described as “ aurous oxide ” is a mixture of 
gold and auric oxide (AU2O3) and 'does not 
exhibit reactions of aurous compounds. 

Gold Trihydroxide (auric hydroxide) having 
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the empirical formula Au(OH)3 is obtained 
(i) by beating an -aqueous solution of hydro- 
cldoroauric acid with excess of magnesium oxide 
and -vrasbing the precipitate tborougbly witb 
dilute nitric acid, (ii) by adding an aqueous solu- 
tion of potassium by^oxide to one of bj^dro- 
cbloroaurie acid imtil tbe precipitate just redis- 
solves, boiling tbe dark bro^vn solution until tbe 
supernatant liquid becomes pale yellow, adding 
a sbgbt excess of sulpburic acid and washing tbe 
precipitate. It may be further purified by dis- * 
solving tbe precipitate in concentrated nitric 
acid, precipitating finally with water and drying 
imder reduced pressure. 

When allowed to stand over phosphorus 
pentoxide it is converted into a substance which 
has been described as auryZ hydroxide but which 
may be the unstable auric acid, H[Au02J. 
When tbe tribydroxide is heated at 140° it is 
converted into auric oxide, AuoOg, a brown 
powder (Kriiss, Aimalen, 1887, 237, 290). 

When auric hydroxide is warmed with 
alcobobc potassium hydroxide it is reduced to 
the metal, which is frequently deposited in small 
glistening scales used in mediaeval times in 
painting miniatures. By the action of hydro- 
chloric and hydrobromic acids, auric hydroxide 
is converted into hydro chloroauric and hydro- 
bromoauric acids respectively. 

Auric hydroxide is soluble in an aqueous solu- 
tion of potassium hydroxide and this solution 
on evaporation at the ordinary temperature 
under reduced pressure yields small pale-yellow 
needles of ‘potassium aurate, KAuOgjSHgO. 
Aqueous solutions of this salt are strongly 
alkaline. The corresponding barium salt, 
Ba(Au02)2.5H20, is sparingly soluble in 
water. Other salts are also known. 

The so-caUed auroauric oxide having the 
empirical formula AuO, and which would 
correspond to halogen compounds having the 
general empirical formula AUX2 {see above), is 
described as being produced by heating auric 
hydroxide at 160° (Kriiss, Ber. 1886, 19, 2541). 

Sulphides. — It would appear that the early 
work (Ditte, Compt. rend. 1895, 120, 320 ; Levol, 
Ann. Chim. Phys. 1850, [hi], 30, 355 ; Hoffmaxm 
and Exfiss, Ber. 1887, 20, 2674) on the com- 
pounds of gold and sulphur having the empirical 
formulae AUgS and AuS, respectively, and pro- 
duced by the action of bj'^ogen sulphide on 
solutions of aurocyanides and chloroaurates, 
respectively, needs revision. The salt, sodium 
aurosulpMde, NaAuSjdHgO, corresponding to 
a sulphide, AUgS, is obtained by heating metallic 
gold with sodium sulphide and siilphtu, extract- 
ing the fused mass with water, filtering and eva- 
porating the solution in an inert atmosphere at 
the ordinaiy temperature. The salt crystallises 
in colotuless monoclinic prisms which rapidly 
become brown on exposure to air. The solution 
of gold in “ liver of sulphm: ” was known to 
Glauber and Stahl. 

Auric Sulphide, AUgSg, was described as 
being obtained as a deep yellow precipitate by 
treating anhydrous lithium chloroaurate with 
hydrogen sulphide at —10° (Antony and Luc- 
chesi, Gazzetta, 1890, 20, 601 ; 1891, 21, ii, 
209), bub this method of preparation seems 
unlikely to lead to a pure product. Gutbier 


and Durrwachter (Z. anorg. Chem. 1922, 121, 
266), who could not prepare the other sulphides 
{see above), obtained the pure auric sulphide by 
passing a rapid stream of hydrogen sulphide 
at —2° through a dilute (less than 2%) solution 
of hydrochloroauric acid in A-hydrochJoric acid. 
It is a dark-coloured powder soluble in sodium 
sulphide forming sodium aurisulphide having 
probably the formula NaAuSg analogous to 
NaAuCl4. It is also soluble in potassium sul- 
phide solution. 

Fulminating Gold. — ^There are several 
varieties of the explosive substances known by 
the historic name of “ fulminating gold.” 
Earlier work on tliis difficult subject (Dumas, 
Ann. Chim. Phys. 1830, [ii], 44, 167 ; Raschig, 
Annalen, 1886, 235, 341) has been the subject of 
a critical review and a detailed experimental 
study by Weitz {ibid. 1915, 410, 117-222). 

Some of the better known “ fulminating 
golds ” (if individual substances) contain 
halogen in addition to nitrogen, which must 
always be present. The greyish precipitate 
obtained by the action of excess of ammonia on 
an aqueous solution of hydrochloroauric acid 
appears to be a mixture (^4) of two compounds 
to w'hich the formulfe AUgOg-SNHg {sesqui- 
amminoauric oxide) and HNrAuCI-NHg {amino- 
iminoauric chloride) have been assigned. As- 
suming the correctness of such formula for 
explosive substances, it is not surprising that 
they do not necessarily conform to -the formula 
of normal gold compoxmds. The yellow precipi- 
tate obtained by adding a dilute solution of 
hj'drochloroauric acid containing ammonium 
chloride to a cold saturated solution of am- 
monium chloride containing ammonia is stated 
to be an individual and to have the formula 
Au(NH 2)2C1 (diaminoauric chloride) and is 
not explosive. This compound is stated to 
contain water, but the compound itself may be a 
normal auric compound having the constitution : 


HoN/ 


Au 


/^K 

^^Cl^ 


Au 


^NH 

^NH 


2 

2 


Treatment of this compound with an excess 
of water furnishes an explosive compound con- 
taining no halogen and to which the empirical 
formula 3AuO-2N Hg.uHgO has been assigned, 
and such a formula does not appear to be that 
of a normal gold compoimd. 

One of the most sensitive of the “ fulminating 
golds ” has been given theformula Au203‘2N Hg. 
It is a black substance the constitution of which 
cannot be formulated as that of a normal auric 
compound. It is obtained by treatment with 
hot water of sesquiamminoauric hydroxide, 
2Au(OH) 3-3NH3, which is itself obtained by 
the action of excess of ammonia on the mixture 
{A) mentioned above. 

Tn the light of our present information, the 
proposed classification of “fulminating golds” 
into two types of compounds in which the atomic 
ratios of gold to nitrogen are respectively 1:1 
and 2:3 cannot be adhered to rigidly. It is 
probable that more satisfactory knowledge 
regarding the constitution of “ fulminating 
golds ” may be obtained, as indicated by Weitz 
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{I.C.), by a furtber study of tctramminoaurio 
compounds some of which have been referred 
to above. Allialine aqueous solutions of tetrani- 
minoamic nitrate on standing yield explosive 
precipitates. 

' One variety of “ fulminating gold ” has heen 
prepared by a reaction which may bo repre- 
sented thus : 


auric hydroxide in nitric acid (density, L4) 
and to which he gave the formula 

AuO-NOg.SHoO 

may not bo a salt in the strict sense of the 
term; in accordance with the 4 -covalono 3 '' of 
torvalent gold its constitution may bo written as 


HAuCl.-peNHa+SHoO 

=4NH4C1+[Au(NH3)2{OH)2]OH 

It is a yellow precipitate, explosive but not so 
sensitive as other varieties mentioned above. 
The compound may bo diamminodihydroxy- 
auric hydroxide hamng the constitution : 




/OH 

Au< 

\OH 


OH 


Salts. — Since gold does not jdold salts con- 
taining either aurous or auric ions the existence 
of such compounds as the so-called aurous sul- 
phate, aurio sulphate and auric chromate is very 
doubtful. On the other hand, Schottlilnder 
{ibid. 1883, 217, 312) by the action of concen- 
trated sulphuric acid on “aui^d nitrate” (see 
bcloio) at 200 ° obtained yellow octahedra of 
what he described as auryl hydrosulphale, 
AuO'HSO^. When this compoimd is treated 
with one-tenth of its weight of potassium 
hydrogen sidphate and the mLxturo evaporated 
at 200 ° it yields yellow rhombic cr 3 'sta]s of what 
he described as potassium disidphaloaurate. Ho 
also prepared the corresponding silver salt. The 
constitution and systematic name of each of 
these substances may bo respectively. 



OxyBulphatoauric acid. 



Potassium disulpliatoilurate. 


For similar reasons, the existence of com- 
pounds which have been described as aurous 
and auric nitrates must be regarded as doubtful. 
Again, on the other hand, Schottlilnder (l.c.) 
obtained golden-yellow triclinic crystals of 
hydronitratoauric acid by cooling the solution 
of aiuic hydroxide in nitric acid (density, 1'5) 
in a freezing mixture. The same acid was 
obtained by Jeffery (Trans. Faraday Soc. 1916, 
11, 172) by electrolysing nitric acid (1:2) using a 
porous pot and a gold anode and evaporating 
the yellowish-brown anodic solution over sul- 
phuric acid and sodium hydroxide. ' The acid is 
decomposed by water and both authors assign 
to it the formula H[Au(N 03 ) 4 ], 3 Hg 0 , 
analogous to hydro chloroauric and hydro- 
bromoauric acids, H[AuX 4 ], 3 H 20 . The am- 
monium, potassium and rubidium salts have 
been described by Schottlander. 

- The auryl nitrate which Schottlander (i.c.) 
obtained as an amorphous mass by dissolving 


0=Au 


/°\ 






N ->0 


or, less likely, ns 


0=Au<f°NN = 0 
^o*■ 

A number of complex sulpliites have been 
described. One of these (Himly, Annalen, 1846, 
69, 96) having the formula NUgAu ( 803 ) 3 , 2 HjO 
may bo an aurous compound having the 
constitution : 


Na3 



O— Au— 


—s/ 


O— S 


O' 

O- 


Tho j'ollow compound having the formula 
Na^Au ( 803 ) 4 , 6 H 2 O 

(Oddo and HEngoin, Gnzzetta, 1927, 57, 820 ; c/. 
Eosenlioim, Hertzmann and Pritzo, Z. anorg. 
Chom. 1908, 59, 198) and which is prepared by 
neutralising hydrochloroauric acid with sodium 
hydroxide and adding a solution of sodium sul- 
phite, filtering and precipitating with alcohol 
may, bearing in mind its colour, bo an auric 
compound having the constitution : 


0 0 

8 

I 


1 

0 


°'^ 8 — 0 — Au- 

0 ^ 1 

0 

- 0 — 8 < 
^0 


8 

00 

The corresponding potassium salt has also been 
prepared. 

8 odium Aurothiosulphate, Fordos and 
Gdlis’ salt (Ann. Chim. Phys., 1845, [iii], 13, 344), 
although long known as a complex aurous com- 
pound and used in the toning of silver photo- 
graphic prints, has been of considerable interest 
since 1924 when it was introduced by MoUgaard 
of Copenhagen under the name “ Sanocrysin ” 
for the treatment of tuberculosis. Later, along 
with many other complex aurous eompounds, 
it has been used in the treatment of rheumatoid 
arthritis, and it is not improbable that “ gold 
therapy ” may be extended considerably (see 
below). Its constitution has been expressed by 
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the formula 3 Na 2 S 203 *Au 2 S 203 , 4 H 20 which 
cannot he correct since this colourless crystalline 
salt gives no reactions of a thiosulphate and 
aurous gold does not form salts containing aurous 
ions. 

It was originally prepared by the gradual 
addition of a 2 % solution of sodium chloro- 
aurate to an aqueous solution containing 4 mol. 
proportions of sodium thiosulphate. Mter the 
red liquid had become colourless the salt was 
precipitated by the addition of alcohol and was 
purified either by repeated precipitation from 
its aqueous solution by means of alcohol or by 
recrystallisation from water. In the preparation 
just described part of the sodium thiosulphate' 
reduces the auric compound to the aurous con- 
dition, being itself converted into tetrathionate. 
Consequently several modifications of the pre- 
paration have been introduced. These consist 
essentially in carrying out the reaction using 
suitable reducing agents whereby all the sodium 
thiosulphate employed reacts with the reduced 
gold compound as soon as it is formed. 

The constitution of the compound should be 
expressed thus : 


Complex Imido Compounds.— Anumber of 
complex succinimido derivatives mostly con- 
taining auric gold have been described by Pope 
(B.P. 338506/1929; B, 1931, 319). The com- 
pounds are prepared from auric hydroxide, 
chloroaurates, hydrochloroauric acid or ful- 
minating gold and succinimide in the presence 
of ammonia or amines. Among the compounds 
isolated are : 

[(N H 3 ) 2 AuSu 2 ]CI, diamminodisuccinimido- 
auric chloride, 

[(N H 3 ) 2 AuSu 2 ]AuCl 4 , diamminodisuccinimi- 
doauric chloroaurate, 

[(N H^MeJ^AuSu^JCl, dimonomethylammino- 
disuccinimidoauric chloride, 

[(N H Et 2 ) 2 AuSu 2 ]CI, didiethylamminodisuc- 
cinimidoauric chloride, 

[(N H Et 2 ) 2 AuSu 2 ]AuSu 2 , didiethylammino- 
disuccinimidoauric succinimidoaurate, 

N H 3 AUSU 3 , monoamminotrisuccinimidogold, 

together with salts of hydrosuccinimidoaurous 
acid, H[AuSu 2 ], and salts of dichlorodisuccini- 
midoauric acid, H[Cl 2 AuSu 2 ], where 


0 

0 

t 

t 

0 — S— S— Au- 

-S— S — 1 


4- 

0 

0 


,2H20 


in keeping with the 2 -covalency of aurous gold 
and with the fact that the compound does not 
give the usual thiosulphate reactions. The c 6 r- 
responding barium salt has been prepared by 
double decomposition between the so^um salt 
and barium chloride and the free acid has been 
obtained by treating the barium salt ■with the 
calculated quantity of sulphuric acid. 

Sodium aurothiosulphate is somewhat spar- 
ingly soluble in water at the ordinary tempera- 
ture and possesses a curiously sweet taste. It 
is stable but, as ordinarily prepared, when ex- 
posed to air it becomes yello^vish-brown, decom- 
position having set in. Its solution is not 
reduced by ferrous sulphate or oxalic acid nor 
decomposed by hydrochloric acid. When acety- 
lene is passed into its aqueous solution the so- 
called aurous aceiylide, C 2 AU 2 , is produced as a 
yellow precipitate which is explosive when dry 
(Matthews and Watters, J. Amer. Chem. Soc. 
1900, 22, 108 ; v. Vol. II, 280&, 2816). The con- 
stitutional formula 

C— Au 

111 

C— Au 

is not in keeping ■with the 2 -covalency of aurous 
gold, which would however be satisfied by the 
formula 

C — A u — O H 2 
C — Au — OH2 

Like other acetylides, it is decomposed by 
hydrochloric acid yielding acetylene and, in this 
case, gold monochloride. 


Su = 


CH2— CO. 

I > 

CH2— CO'^ 


N— 


Other examples of complex imido compounds 
belonging to this series are hydrodiphthalimido- 
hydroxyauric acid, H[Phth 2 Au(OH) 2 ], where 


PJith=C6H 


/CO\ 

*\co/ 


N— 


(Gibson and Tyabji, private communication) 
and hydrodimethylglyoximinylbromoauric acid. 


H 


rCHa— C = 

1 

LCH3— c = 


N— O. 

>Au 
N— 0 / 


\ 


Br 

Br 


(Brain and Gibson, private communication). 
Complex derivatives (imidoauric acids) of suc- 
cinimide, phthalimide, 5:5-diethylbarbituric acid 
and o-benzoicsulphinide (saccharin) have also 
been described by Kharasch and Isbell (J. 
Amer. Chem. Soc. 1931, 53, 3059). 

Other Inorganic Gold Compounds Con- 
taining Complex Organic Radicals. — ^In 
! ■view of the use of complex (chiefly aurous) com- 
pounds in the therapeutical treatment of tuber- 
culosis (see Sodium Aurothiosulphate, “ Sano- 
crysin ”) and their increasing application in the 
treatment of other conditions, especially rheuma- 
toid arthritis, a large and rapidly increasing 
number of aurous derivatives of organic com- 
pounds have been prepared, generally by methods 
which are the subjects of patents (c/. “ Handbuch 
der Chemotherapie,” Pischl and Schlossberger, 
Fischers Medizinische Buchhandlung, Leipzig, 
1934). The compounds are generally prepared 
by the action of the organic compound (part 
of which acts as a reducing agent) on alkali 
halogenoaurates (usually sodium chloroaurate) 
or by their interaction in the presence of a suit- 
able reducing agent (sodium sulphite, etc.). 
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ilanj' of the compounds are soluble in water and 
such aqueous solutions may be administered 
intravenously ; others may not be soluble in 
water and these -as well as the former may be 
administered intramuscularly in oil suspension. 

Many of the aurous compounds which have 
been described are derivatives of substances 
(such as mercaptans) containing the — SH 
group and in the literature are frequently given 
the constitutional formula of the general type 
— SAu'. Such a general formula does not allow 
for the 2-covalency of aurous gold and cannot be 
correct. The simplest aurous derivatives of 
mercaptans are generall}' highly insoluble com- 
pounds having high molecular weights. Their 
constitution may be written (R — S — Au)n or, 
in extended form, as 

R R R R 

I I I I 

— S Au — S -> Au — S Au — S -> Au — 


The following are four tjqiical aurous deriva- 
tives of organic compounds which (in addition 
to sodium aurothiosulphate, frequently known 
as “ Sanocrysin,” but other proprietary names 
have also been allotted to it) have found con- 
siderable therapeutic application : “ Solganol 
B” described as goldthioglucose and, in the 
literature, given the constitutional formula 


CH„SAu 



H OH 


V Lopion ” is sodium 3-allylgoldthioureabenzoate 
and in the literature is given the formula (G.P. 
551421) 

. Na02C-CeH4-NH-C(SAu):N-CH2-CH:CH2 

“ Myochrysin ” is disodium aurothiomalate and 
stated to have the formula 

NaOOCCH(SAu)CH 2 -COONa 

“ Allochrysine ” (Lumi6re and Perrin, Compt. 
rend. 1927, 184, 289) is given in the literature the 
constitutional formula 


AuS-CH 2 -CH( 0 H)-CH 2 -S 03 Na 

-f HS-CHg-CH (OHl-CHg-SOaNa 


but this compound may have a constitution 
analogous to that, of sodium aurothiosulphate 
thus ; 



SCH 2 -CH( 0 H)CH 2 -S 03 ‘ 
S-CHg-CH (0H)CH2-S03. 


NagH 


Oboaoto CoMPOimDS of Gold. 

Apart from the already known cyano com- 
pounds and the acetylide (see above), the first 
typical organic compounds of gold were prepared 
by Pope and Gibgop (J.C.S. 1907, 91, 2061); 


and their investigation has been carried out 
chiefly by Gibson el al. (ibid. 1930, 2531 ; 
1931, 2407; 1934, 860; 1935, 219, 1024; 

1937, 1690; 1939, 762; Ann. Report Brit. 
Assoc. 1938, 35). 

Dielhylmonobromogold, (Et 2 AuBr) 2 , may be 
prepared starting from hydrobromoauric acid, 
HAuBr4.3H20, gold tribromide, (AuBrglg, 
pyridinotribromogold, CjHsNAuBrj, or, most 
convenient!}', from the corresponding trichloro- 
compound. 

To a mechanically stirred suspension of pyridi- 
notrichlorogold (19 g.) in dry pj^ridine (200 c.c.) 
at 0° is added a filtered solution of ethylmag- 
nesium bromide (2-2 mol.) in ether (45 c.c.). 
Water (100 c.c.) at 0° is then added followed by 
ligroin (b.p. 60-80°; 300 c.c.) and then hydro- 
bromic acid (d 1-49 ; 300 c.c.) at such a rate that 
the temperature does not rise above 40°. The 
liquid (two layers) is filtered from solid matter 
and the ligroin solution separated. The aqueous 
solution is extracted several times with ligroin. 
To the combined ligroin extracts, after wasliing 
with water, ethylenediamine is added until no 
further colourless precipitate (ethylenediamino- 
diethylgold bromide, see belmv) is produced. The 
colourless precipitate is dissolved by shaking 
the ligroin suspension ^vith water and the 
separated aqueous solution acidified with hydro- 
bromic acid. The colourless precipitate, di- 
ethylmonobromogold, is separated, washed with 
water and dried at the ordinary temperature. 
It may be purified by dissolving in redistflled 
h’groin (b.p. 40-60°) and allowing the solution 
to evaporate at the ordinary temperature. 

Diethylmonobromogold crystallises from li- 
groin in soft colourless anorthic needles, m.p. 
58° (dccomp.). It is soluble in all the usual 
organic solvents and when pure is fairly stable, 
decomposing superficially (violet colour) on 
exposure to light. Its molecular weight in 
freezing benzene and bromoform shows that the 
molecular formula is (EtgAuBrlg and its con- 
stitution may be conveniently expressed as 


yAU yAUv 

CgH/ ^Br/ ^CgH 


5 

5 


the auric gold atoms being 4-covalent. This 
constitution is in agreement with the results 
of A-ray crystallographic investigation which 
has also shown that the four valencies attached 
to the 4-covalent auric atoms are planar. Di- 
ethylmonobromogold and certain related organic 
gold compounds when dissolved in a suitable 
solvent (e.g. ethanol) undergo an interesting 
spontaneous decomposition at the ordinary tem- 
perature on treatment with alkali or alkali metal 
alcoholate; brilliant gold films are produced 
which can be deposited on a variety of surfaces 
(Gibson, B.P. 497240). 

The following derivatives among others have 
been prepared : 

Blhyhnediaminodiethylgold bromide, 
[EtgAuenjBr, 

a stable coolurless crystalline salt, decomp, 
from 182°, soluble in water (see ahove)^ 
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MonoamminodietTiylbTomogdld, 

Et2Au(NH3)Br, 

a colourless crystalline non-electrolyte, in- 
soluble in water and soluble in benzene. 

Pyridinodiethylbromogold, EtgAu (C 5 H 5 N)Br 
a colourless crystalline non-electrolyte, very 
similar in general properties to the preceding 
amnaino compound. 

Dibenzylsulphidodiethylmonobromogold; 

Et2Au{S{C7H7)2}Br, 

a colourless crystalline non-electrolyte, 
m.p. 91°. 

2:2'-D{pyridyltetraethyldibromodigold, also a 
colourless non-electrolyte which has m’.p. 
169° (decomp .) ; its constitution may he 
briefly written 

EtgBrAu-s-NCsHi— CsH4N->AuBrEt2 

The compound monoethyhnediaminotetra-n- 
propyldibromodigold, a deriTative of di-7i-propyl- 
monobromogold (see below) and analogous to the 
above dipyridyl compound, is also a non-electro- 
lyte and its colourless solution in chloroform 
becomes cloudy owing to the following equili- 
brium being set up : 

2Pr®2AuBr'en*AuBrPr®2 

^2[Pr®2^'J®^3B''+ (Pr“2AuBr)2 

This compound has m-p. 110-111°, when gas is 
evolved ; on further heating the product decom- 
poses violently at 140°. The first of these 
changes also takes place when benzene or chloro- 
form solutions of the substance are gently boiled, 
monethylenediaminodi-u-propyldibromodigoJd — a 
typical example of a mixed auric-aurous com- 
pound in which the auric and aurous gold atoms 
are 4-covalent and 2-covalent respectively — 
being produced with the initial evolution of free 
7z~propyi radicals, the reaction taking place being 
represented, 

PrCgAu Br-en- Au BrPra^ 

-s- PrttgAuBr-emAuBr-f 2Prtt 

By the interaction of diethylmonobromogold 
and thallous acetylacetone, acetylaceionediethyl- 
gdld is obtained in colourless fiat plates, m.p. 
9-10°. Its constitution is represented thus : 

Ef O— CMe 

'\Au<f ScH 

Et 0=CMe 

The corresponding dimethyl compound has been 
prepared. Trom the diethyl compound by the 
action of sodium iodide (chloride) dietTiylmono- 
iodo{cliloro)g6ld is obtained and the correspond- 
ing salts ethylenediaminodiethylgold iodide and 
chloride have been obtained from the latter com- 
pounds by the action of ethylenediamine. 

Using magnesium methyl iodide and adopting 
a s imil ar procedure dimeihylmonoiodogold, colour- 
less needles, melting and decomposing at 78*5°, 
has been obtained. It is more sparingly soluble 


than diethylmonobromogold and yields deriva- 
tives analogous to those of the latter compound. 

Di-n-propylmonohromogold (colourless liquid, 
crystallising below 0°) and- di-n-buiylrnono- 
hromogold (colourless liquid) have been prepared 
by the method used for the preparation of the 
other dialkyl compounds. These have also 
been conve:^d into their colourless ethylene- 
diamine co-ordination compounds. DibenzyU 
monobromogoJd is much less stable than the above 
diaUg^l compounds, but its colourless ethylene- 
diamine co-ordination compound, ethylenedia- 
minodibenzylgold bromide, is moderately stable 
(Gibson, private communication). Using methods 
identical with those first described by Pope and 
Gibson (Z.c.), Kharasch and Isbell (J. Amer. 
Chem. Soc. 1931, 53, 2701) also prepared a 
number of dialkyl and diaryl gold halides ; these 
authors did not determine the molecular weights 
of any of the compounds which generally were 
characterised only by their gold content (c/. 
Gibson et al, J.C.S. 1931, 2409 ; 1935, 1024). 

By the action' of bromine (2 mol.) on the above 
dialkyl compounds (1 mol.) in a suitable solvent 
at the ordinary temperature deep-red crystalline 
compounds having the general empirical formula 
RAuBPg are obtained, and the ethyl and n- 
propyl derivatives have been investigated in 
detail. These monoalhyldibrornogdld compounds 
have been shown by physical investigation 
(molecular weights, dipole moments, etc.) to 
have the general constitution : 


R 

R 


\ 

/ 


Au 




Au 


/ 

\ 


Br 

Br 


This constitution is in keeping with their 
chemical properties. When allowed to react 
with hydrobromic acid they yield the dialkyl- 
monobromogold compounds and hydrobromo- 
auric acid; with sodium bromide they yield 
similarly the dialkylmonobromogold compounds 
and sodium bromoaurate ; with ethylenediamine 
they yield the ethylenediaminodialkylgold 
bromides and diethylenediaminoauric bromide. 
This last reaction may be represented thus : 




AuC yAu(^ 

''Br/ \ 




Br 

Br 


-f 3en=[R2Auen]Br-f [enAuenJBrg 


The monoalkyldibromogold compounds decom- 
pose on being gently heated. Ilis decomposi- 
tion has been shown to proceed quantitatively 
thus : 


Rv /Br^, /Br 

>Au<. /Au< =2RBr-}-2AuBr 
R/ ’■^Br/ \Br - 


(see Gold Monobromide, p. 113c). 

By the action of silver cyanide on diethyl and 
di-n-propylmonobromogold the corresponding 
colourless and highly crystalline cyano-com- 
pounds have been obtained. These compounds- 
which are readily soluble in hydrocarbon, and 
other organic solvents have the molecular 
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formula (R 2 AuCN )4 and thoir constitution is 
represented by (I). This has been completely 
confirmed by the results of dipole moment deter- 
minations and by X-raj’’ crystallograpliio investi- 
gations (Phillips and Powell, Proc. Roy. Soc. 
1939, A, 173, 147). 

DicthylmonocyanogoJd when merely vigorously 
rubbed undergoes “ explosive ” decomposition 
and di-n-propybnonocyanogohl undergoes a 
similar decomposition when heated above its 
melting-point (94-95°), the decomposition taking 
place may be represented thus : 

R R- 

R-Au — CiN -> Au-R 

t i 

N Cl. 

C N 

1 ^ 

R-Au <- N:C— Au-R 

R R 

-4R' -4R' 

> 4RAuCN >• 4AuCN 

(empirical (empirical 

formula) fonnuia) 


Free radicals, ethyl and m-propyl (R') are evolved 
and have been recognised (from the diethyl 
compound) as 7i-butano and (from the di-7i-2Jropyl 
compound) as w-hexane. 

Compoimds having the empirical formula 
RAuCN are almost insoluble in organic solvents 
and have high (and at present unknown) mole- 
cular -weights ; they are also produced from 
compounds of type (I) by long standing at the 
ordinary temperature (c/. Kharasch and Isbell, 
he.). They are mixed aurous and auric com- 
pounds in which the aurous gold atoms are 2- 
covalent and the auric gold atoms are 4-covalent. 
In view of the fact that the four valencies of 
auric gold have a planar distribution, and that 
the two valencies of aurous gold have a linear 
distribution, the constitution of compounds 
having the empirical formula RAuCN cannot 
be represented by a planar ring structure which 
would also not be in keeping with their very low 
solubility. Their constitution can, however, be 
satisfactorily represented by a zig-zag chain 
structure : 


R 


t 


N 

C 


R-Au C:N -> Au-C:N 

t 

N 

C 


-> Au-R 
R 


Au 

t 

N 

C 


•C;N ->Au R 
R 


Such a constitution is in keeping with their 
insolubility and, unlike the parent substance. 


with their having no melting-points. Further and 
complete loss of hydrocarbon radicals results in 
the production of aurous monocyanide (aurous 
cyanide) which, as pointed out above, probably 
jrosscsses a straight chain structure (Gibson, 
Proc. Roy. Soc. 1939, A, 173, ICO). 

Compounds of type (I) yield othylenediamine 
derivatives having the general formula 

CN CN 

R-Au<-NH2-C2H4-HoN->Au-R 
R “ R 


These are colourless crystalline non-electrolytes. 
When suspended in %vater and the mixture 
heated, solution takes place gradually; free 
radicals — identified as the corresponding hydro- 
carbons — are evolved initially, and the clear 
solution yields after evaporation a colourless 
crystalline salt having the formula 


“R NHj" 

\ 

Au C 2 H 4 ' 

/ \l 

_R NH 2 _ 


Au(CN)2 


These atirocyanides of typo IV may also be 
obtained by boiling benzene solutions of com- 
pounds of typo III and recrystallising the 
resulting solid products from water. On treat- 
ment -with sufficient mineral acid to combine 
with the othylenediamine they -are converted 
into the compounds having the empirical 
formula RAuCN, type H. 

The “phenylauric chloride,” having the 
formula PhAuClg and m.p. 73-76°, which has 
been described by Kharasch and Isbell ( J. Amer. 
Chem. Soc. 1931, 53, 3066) and which was pre- 
pared by the addition of amic chloride to an 
excess of pure benzene, does not appear to have 
either a constitution or properties analogous to 
those of the monoalkyldibromogold compounds 
(c/. J.C.S. 1934, 862; 1935, 1024 (footnote)). 
If such a compound does exist PhAuCl 2 would 
only represent its empirical formula. The com- 
pounds prepared similarly from toluene, di- 
phenyl (decomp, at 66°) and methyl salicylate 
(m.p. 107° decomp.) contain a molecule of water 
in each case even after reciystaUisation from 
ether. 

The compound aurous chloride carbonyl, classi- 
fied by Kharasch and Isbell (J. Amer. Chem. 
Soc., 1930, 52, 2919) as an organic gold com- 
pound, was first prepared by Manchot and Gall 
(Ber. 1926, 58 [B], 2176) by passing carbon 
monoxide over gold trichloride at 95°. Kharasch 
and Isbell prepared it from atnous chloride 
in benzene suspension (20-30°) and from gold 
trichloride in tetrachloroethylene (100-140°). 
It is a colourless substance soluble in organic 
solvents and decomposed by water. Its mole- 
cular weight is normal in freezing benzene and 
the compound dissociates in hot solvents and 
when heated imder reduced pressure yielding 
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pure aurous chloride. It is suggested that its 
constitution should be expressed, 

O ^ C -> Au— Cl, 

in keeping with the 2-covalency of aurous gold 
and with the linear distribution of the two 
valencies. With pjwidine and hexamethylene- 
tetramine carbon monoxide is evolved and (pre- 
sumably) co-ordination compounds of aurous 
chloride (e.g. HjjCgN Au — Cl) are formed. 

Aurotis chloride carbonyl reacts with aryl- 
magnesium halides giving -good jdelds of bis- 
aromatic, hydrocarbons (diphenyl, feo-tolyl, 
di-p-totyl dibenzyl, aa' -dinaphthyl),* carbon 
monoxide being evolved and gold precipitated. 

' C. S. G. 

GOLD, MANNHEIM. A brass containing 
80% copper and 20% zinc. 

GOLD, MOSAIC. A fine, flaky, yellow 
form of stannic sulphide which is now used onlj’^ 
to a limited extent to imitate bronze. It is pre- 
pared by gently heating a mixture of 7 parts of 
sulphur, 6 parts of ammonium chloride and 1 8 
parts of a powdered amalgam . containing 12 
parts of tin to 6 parts of mercury, until the odour 
of sulphuretted hydrogen is no longer percept- 
ible. The residue is then heated to low redness 
and a mixture of mercurous chloride, ammonium 
chloride and cinnabar sublimes, while the mosaic 
gold alone remains. A good product is also 
obtained by heating a mixture of 5 parts of 
stannous sulphide and 8 parts of mercuric 
chloride. 

A pale yellow mosaic gold is produced by | 
heating 50 parts of crystalline stannous chloride 
with 25 parts flowers of sulphur; a reddish- 
yellow product is obtained on heating together 
50 parts 50% tin-amalgam, 25 parts stannous 
chloride, 35 parts ammonium chloride and 35 
parts of sulphur (Lagutt, Z. angew. Chem. 1897, 
11, 557). The temperature used should not be 
too high, "as the stannic sulphide, when strongly 
heated, loses one equivalent ' of sulphur and 
becomes black. 

Mosaic gold is insoluble in nitric and hydro- 
chloric acid, but dissolves in aqua regia and in 
alkaline hydroxides. 

A brass containing 52-55% zinc has also been 
known by this name, 

C. 0. B. 

GOLD NUMBER (a. Vol. Ill, 2875). 

GOLD PURPLE {Purple of Cassms). 
This product consists of a mixture of metallic 
gold and tin oxide. An imperfect description of 
its preparation was given by Andreas Cassius 
(“ De Auro,” 1685). _ It is obtained as a fine 
flocculent purple precipitate on addition of a 
solution of stannous chloride, which contains 
some stannic chloride, to a dilute neutral solution 
of gold chloride. The presence of stannic 
chloride is essential as pure stannous chloride 
produces only a brown precipitate. T. K. Rose 
(Chem. Hews, 1892, 66, 271) has shown that the 
formation of the colour is capable of detecting 
1 part of gold in 100,000,000 parts of water 
when the test is carried out under specific 
conditions. 

A very fine product is obtained by adding 
stannous chloride to ferric chloride tmtil the 
solution is of a pale green colour and employing 


this mixture to precipitate the gold- from solu- 
tion. R. Zsigmondy (Annalen, 1898, 301, 361) 
prepared Purple of Cassius by mixing 200 c.c. 
gold chloride solution (3 g. Au per litre) and 
250 c.c. stannous chloride solution (3 g. Sn per 
litre) with a very slight excess of H C 1 and 4 litres 
of water. After 3 days the purple was deposited, 
leaving a liquid free from gold and tin. The 
precipitate thus jnepared contained, after 
ignition, 40-3% gold and 59-7% stannic oxide. 

According to H. Moissan (Compt. rend. 1905, 
141, 977), when gold-tin alloys, mixed Avith lime, 
are distilled in air, a finely divided mixture of 
stannic oxide, lime and gold is obtained having 
the colour and properties of Purple of Cassius. 
Similar deposits of varying tint can be obtained 
by substituting for lime other oxides such as 
zirconia, sfliea, magnesia or alumina. 

Purple of Cassius may also be obtained in great 
beauty by treating an alloy of gold 2 'parts, tin 
3-5 parts and silver 15 parts with strong nitric 
acid to dissolve the silver and oxidise the tin 
(Muller, J. pr. Chem. 1884, [ii], 30, 252). E. A. 
Schneider (Z. anorg. Chem. 1894, 5, 80) obtained 
gold purple by treating an alloy of gold, tin 
and sUver with concentrated nitric acid. 
The resulting black powder was washed with 
ammonia when a ruby-red coloured solution 
was obtained which was dialysed until it con- 
tained no more ammonia. Potassium cyanide 
decolourises this solution and stannic oxide 
separates. "Ufith mercury, the solution becomes 
brownish-red and gold is extracted ; with excess 
of hydrochloric acid, the solution becomes violet 
and jdelds finely divided gold on dialysis. Ac- 
cording to this 'author, the soluble form of 
purple gold is possibly a mixture of the hydrosols 
of gold and stannic acid. 

Purple of Cassius is used in the manufacture 
of artificial gems (v. Vol. V, 513c), and for im- 
parting a red, rose or pink colour to glass, 
porcelain or enamel ; it varies in colour from a 
Aiolet to a purphsh-red or brown. 

In the dry state, gold purple is insoluble in 
either strong or dilute alkalis, but when moist it 
dissolves in water in the presence of very small 
quantities of alkalis. Salts and excess of acids 
and alkalis precipitate the purple from these 
solutions. Whilst moist, it is also soluble in 
ammonia with the production of a purple colour 
from which the precipitate is redeposited on 
addition of an acid or on boiling, and in the latter 
case is not again soluble. The ammom'acal 
solution precipitates gold on exposure to light. 
The purple does not pass through the membrane 
of a dialyser. 

J^en dried and triturated, the Purple of 
Cassius acquires a metallic lustre, but no gold is 
removed from it by the action of mercury. It 
retains water at 100°, but gives it up and ac- 
quires a brick-red colour when ignited, and loses 
its colour at the melting-point of gold without 
the evolution of oxygen. 

On adding a greater quantity of mercurous 
chloride to a solution of auric chloride than that 
required for the reaction : 

3HgCl-f AuCl3=3HgCl2-hAu, 

the characteristic colour of Purple of Cassius is 
obtained. If barium sulphate suspended in 
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water is previously mixed witli the mercurous 
chloride, the sulphate takes up the gold and 
acquires the purple colour. Antony and 
Lucchesi (Gazzetta, 189G, 26, ii, 195) therefore 
regarded true Purple of Cassius as being not a 
compound but merely stannic oxide mechani- 
cally covered with gold. 

i\I. I^Iiiller (lx.) also prepared puqdes by several 
processes without the use of tin. A pale rose 
(containing 01% gold) to deep carmine pigment 
is produced by igniting a well washed and dried 
mixture of magnesium oxide and gold chloride. 
A similar result is obtained by heating the mix- 
ture in a current of hydrogen. Lime, calcium 
carbonate, calcium phosphate, barium sulphate 
and lead and zinc oxides give similar but less 
satisfactory results. 

The most intense purple is obtained b3' treat- 
ing a mixture of aluminium hydroxide and 
gold cliloride with grape-sugar solution. The 
mixture is agitated and heated until of a bright 
scarlet colour, but the colour must not be allo^ved 
to reach a purplish-red or the resultant product 
wiU be of inferior brilbancy. 

Similar purples, but less brilliant than those 
with magnesia and alumina are obtained with 
tin; 11"5 g. of stannous chloride arc dissolved 
in 200 c.c. of water, gold chloride added and the 
solution rendered alkaline by the addition of 
potassium carbonate. Grape-sugar solution is 
now added and the mixture is diluted to 300 
litres and is then warmed until of the requned 
colour. 

C. 0. B. 

“ GOMENOL” A trade name for an es- 
sential oil prepared from the leaves of Melaleuca 
Viridiflora Linn. (Fam. Myrtacea;), found in 
New Caledonia. It is similar to, if not identical 
with, oil of cajuput (q.v.). 

C. T. B. 

GONDANG WAX ( ? Gctah Wax). A wax 
recovered from the latex of the Javanese Avild 
fig-tree (a, Vol. V, 171b). 

GO ND BABUL (D. Vol. I, 585a). 
GONIOMETER. The goniometer is an 
instrument for measuring the angles between 
faces in crystals. The constancy of the angle 
between corresponding faces in different crj^stals 
of the same substance is the most strilring feature 
of obviously crystalline matter and was, 
naturally, the first to be studied quantitatively. 

In crystalline matter the atoms or molecules 
are arranged in a regular pattern in three 
dimensions. Many crystalline substances de- 
velop external faces, the presence of which was 
commonly taken to be the distinguishing mark 
of the crystalline state but which we now know 
is not essential. But when a crystal has external 
faces these are parallel to planes of atoms in the 
structure so that the external faces are regularly 
arranged and define the internal regularity of 
construction of the crystal. Because of this 
symmetry the faces lie in zones, groups of faces 
in a “ zone ” being aU parallel to a direction 
which is called the zone-axis. The measurement 
of the angles between faces is of fundamental 
importance in the study of the symmetry of 
crystals and is of great help in their identification. 

The Contact Goniometer was invented by 
Carangeot in 1780 and was used by the ciystallo- 


graphers Rome de ITsle and the Abbe Hafiy. 
It consists of a semi-circular protractor gradu- 
ated in degrees, with a straight bar pivoted at 
the centre. With this instrument it is possible 
to measure the angle between faces only if these 
are fairly large. 

In 1809 Wollaston invented the Reflecting 
Goniometer, the principle of which is used in 
modern instruments although these have been 
greatly improved. The reflection of a fixed 
image is obtained over a reference mark from 
two faces in turn, and the angle through which 
the crj'stal is turned between the two reflecting 
positions is the angle between the normals to 
the two faces in question. 

The crj’stal is moimted on a holder consisting 
of two movable arcs perpendicular to each other. 
It is so adjusted that one prominent - face is 
parallel to the plane of one of these arcs. The 
arcs are then tilted until the zone-axis of the 
zone to be measured is parallel to the axis of the 
goniometer, i.e. perpendicular to the graduated 
disc. A fairly parallel beam of light from a 
distant source or from a collimator is reflected 
from the prominent face previously mentioned, 
and the crj'st.al is set so that this reflected image 
lies over a fixed reference mark. The plane con- 
taining the incident and reflected beams and the 
normal to the face must therefore be parallel to 
the plane of the graduated disc. This pro- 
cedure is repeated with another face using 
only the adjusting arc wliich will move the 
original face onlj^ in its own plane. In this way 
the crj'stal can be quicldy adjusted so that the 
zone-axis of the zone to be measured is set 
parallel to the axis of the instrument. As the 
graduated disc is turned through 300° the set- 
tings at which reflection occur for the various 
faces in turn are noted. 

The usual procedure is as follows : — 

(1) A drawing of the crj'stal with lettered or 
numbered faces is made as it is essential to be 
able to recognise each face. 

(2) The crystal is set up with a zone-axis 
parallel to the axis of the instrument as 
described. 

(3) The angles between the normals to faces 
in this zone are measured, the readings being set 
out as below : 


Face 

Quality 

! Reading 

Differences of 


of 

1 

Pairs of 

1 

Image 

1 

Readings 


(4) This process is repeated with other zones 
until sufficient data have been obtained to allow 
the directions of the normals to each face to be 
plotted on a projection (nearly always the 
stereographic). 

(5) A consistent set of indices is assigned to 
the faces, and the forms present are noted. The 
axial ratio or morphological constants of crystals 
can be obtained after some simple calculations. 

Although aU Reflecting Goniometers employ 
the same principle, they are of different types. 
In the simplest Student’s Goniometer the image 
of a distant source of light is used because the 
light must be as nearly parallel as can be ob- 
tained. This image is reflected from a fixed 
mirror and this provides a reference mark, while 
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the image reflected from the crystal can be seen 
at the same time because the crystal is small 
compared with the mirror. The tilting adjust- 
ments carried on the graduated disc are very 
simple. 

More accurate goniometers are fitted with 
poUimators so that a fairly parallel beam can be 
obtained from a near source. ' They have also a 
telescope, the cross-wires of which provide the 
most aecurate reference mark. Such gonio- 
meters are of two types. Vertical Circle or 
Horizontal Circle. Vertical Circle Goniometers 
are cheaper but Horizontal Circle goniometers 
have definite advantages ; the ciystal is much 
less likely to shift in the wax mount imder its 
own weight and thus larger specimens can be 
measured ; the large amount of possible move- 
ment of the telescope makes it easier to deal 
with difficult cases and also allows the instru- 
ment to be used for the determination of 
refractive indices as well as of crystal angles. 
A very good type of Horizontal Circle Gonio- 
meter is illustrated in the figure below. 


The accuracy with which angle measurements 
can be made depends both on the instrument 
and on the crystal. The t 5 y)e of instrument 
illustrated can be read accurately to half- 
minutes. In the case of very good crystals this 
order of accuracy is required, although even 
these will show differences of as' much as a 
whole minute owing to irregularities in crystal 
growth. But even greater accuracy is required 
in the study of the change of angle with change 
of temperature, which is one way of determining 
the coefficient of thermal expansion of a crystal. 
F.or this type of work a larger Horizontal Circle 
Goniometer, such as the Fuess No. la, which 
can bo read to seconds is constructed. Crystals 
vary from very good ones suitable for such 
accurate measurement down to very had ones 


in which the irregularities of growth are such 
that the reflected image extends over two or 
three degrees. 

Although a good Horizontal Circle Gonio- 
meter such as that illustrated is adequate for 
nearly all crystallographic work, more compli- 
cated two- and three-circle instruments have 
been developed in the last 50 years by Federov, 
Czapski, V. Goldschmidt and Herbert Smith. 
These have the advantage that the crystal is set 
up once only and in cases where there are a large 
number of very small faces difficult to identify, 
this is useful; Of course only one zone can be 
measured through 360°, but this is not a serious 
disadvantage as crystals rich in faces are often 
those which have been attached by one end to a 
surface during growth and so have only one end 
well developed. Both the practical and mathe- 
matical techniques required for handling these 
Theodohte Goniometers with two or three circles 
are much more complicated than for the' single 
circle instrument. But it must be emphasised 
that for almost all goniometrical purposes in 
mineralogical and chemical labora- 
tories the single circle instrument is 
entirely adequate and, also, that the 
technique of using it is easily 
learned. A very fidl description of 
the various types of instruments and 
of their use, with practical examples, is 
given by A. E. H. Tutton in “ Crystallo- 
graphy and Practical Crystal Measure- 
ment,” 2 Vols., 1922 (Macmillan & 
Co.). 

In the course of the last century 
mineralogists have buUt up a vast 
collection of data on the forms, angles 
and symmetry of minerals. The 
corresponding data for crystals of 
organic and of inorganic compounds 
which do not occur as minerals are 
very scanty. Such data are useful in 
the rapid identification of crystalline 
substances and a good goniometer 
should be a valued piece of apparatus 
in every chemical laboratory. 

N. F. M. H. 
GOOSEBERRY. The fruit of 
Bibes grossularia (European species) 
or of R. hirtellum {B. oxyacanthoides), 
the American gooseberry. The latter 
species produces reddish fruit, smaller 
than that of European species. Among 
recorded percentage analyses of European goose- 
berries the following are typical : 



11 

II2 

Total solids 

. . . 12-0 

11-9-15-1 

Acid 

. . . 1-95* 

l-6-2-3t 

Invert sugar . 

. . , 4-87 

— 

Sucrose 

. . . 0-18 

0-10-0-12 

Glucose 

— ‘ 

1-2-3-6 

Lsevulose , 

— 

2-1-3-8 

Ash 

. . . 0-43 

— 


^ Olig (Z. Unters. Nahr.-u. Genussm. 1910, 19, 558. 

® Hotter (Z. landw. Versuchsw. Deut.-Oesterr. 1906, 
9, 947. 

* As citric acid, 
t As malic acid. 

Windisch and Schmidt (Z. Unters. Nah-r. 



No, 2a Fuess Refleoting Goniometer, 


a. Collimator. b. Tilting screws, 

c. Centering screws. d. Telescope. 

e. Lens for changing telescope into a microscope. 

/. Disc bearing graduated circle. 

g. Vernier microscopes. h. rising screws. 

i. Height adjusting screw. 
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Genussm. 1909, 17, 584) give the average per- 
centage composition of gooseberry juice ns : 

Total Acid (as Invert 

solids. Protein, citric), sugar. Sucrose. Tannin. Ash. 

11-05 0-32 1-16 6-58 0-38 0-08 0-42 

In earlier analj'ses the free acidity of gooseberry 
juice was regarded as due almost entirely to 
malic acid. It would appear, however, that 
citric acid in comparable proportions is also 
present. Thus Bigelow and Dunbar (Ind. Eng. 
Chem. 1917, 9, 762) report 1-72-2-63% of citric 
acid and 0-28-2-08% of malic acid in American 
species, and Muttelet (Ann. Falsif. 1922, 15, 
453) finds 2-07% of citric add in red and 2-20% 
in white European varieties. 

Gooseberries are notably rich in vitamin C, 
Kudrjavzeva and Ivanova (Voprosui Pitaniya, 
1935, 4, 114) recording as much as 500 units 
per kg. of berries, i.e. of the same order as in 
oranges and lemons. 

The composition of goosobeny ash is given 
by Wolff as : 

Total 

ash. HjO NanO CaO MgO PoOs SO3 SiO„ 
0-38 0-15 0-04 0-05 0-02 0-07 0-02 O-Oi 

expressed as percentage of the fresh fruit. 
According to Dodd (Analyst, 1929, 54, 15) the dry 
matter of the fruit contains 0-028% of boric acid. 

A. G; Po. 

GORLl SEED OIL (a. Vol. II, 5235). 
GORLICACID(t;. Vol. II, 6236). 

GORSE, FURZE or WHIN. Vlez 
europoeus L. A leguminous shrub common on 
poor dry heath soils. The leaves develop as 
spines. The tender young shoots are readily 
eaten by cattle and horses as also is the older, 
harder growth after suitable crushing (Voelcker, 
J. Roy. Agric. Soc. 1899 and 1901). Other 
species, U. nanus and V, gallii, also occur in 
Britain. In some areas gorse is cultivated, more 
especially as a horse fodder, for which purpose its 
food value is approximately 40% of that of hay. 

Girard (Ann. Agron. 1901, 27, 6) records the 
percentage composition of gorse as ; 

N-free 

Water. Protein. Pat. extract. Cellulose. Ash. 
62-7 4-6 0-9 26-0 14-6 1-6 


white encrusting masses, or sometimes aggre- 
gates of fine, siUcy fibres. Being readily soluble 
in water it is not of common occurrence, but is 
occasionally found in the old galleries of zinc 
mines. Considerable quantities were at one 
time obtained from the Rammelsberg mine near 
Goslar in the Harz Mountains. Varieties are 
ferro-goslarite and cupro-goslarite. 

L. J. S. 

GOSS I PET IN {v. Vol. Ill, 4056). 

GOSSIPITONE (u. Vol. HI, 405d). 

GOSSIPITRIN (u. Vol. Ill, 4066). 

GOSS I POL (u. Vol. in, 407d). 

GOULARD’S EXTRACT, LOTION, 
WATER. Solutions of basic lead acetate. 

“GRAHAM’S SALT,” sodium hexameta- 
phosphate {v. Calgon). 

GRAM I N E, C 11 H 14 N 2 , is a crystalline base 
discovered in certain chlorophyll-defective 
mutants of barley by Von Euler and Hellstrdm 
(Z. physiol. Chem. 1932, 208, 43; 1933, 217, 
23) ; the yield was about 0'01% of the diy weight 
of the plants. The same base was next described 
as the alkaloid donaxine, which Orechoff and 
Norkina (Ber. 1935, 68 [B], 436) isolated in a 
yield of 0-67% from the reed Arundo donax 
from Central Asia; Madinaveitia (J.C.S. 1937, 
1927) obtained 0-28% from the same species 
growing on the coast near Barcelona. The 
constitution was investigated by Von Euler, 
Erdtman and Hellstrom (Ber. 1936, 69 [B], 
743) but only fully established as 3-dimethyl- 
aminomethyUndolc by synthesis (Th. Wieland 
and Chi Yi Hsing, Annalen, 1936, 526, 188; 
Kiihn and Stein, Ber. 1937, 60 [B], 667). The 
second synthesis, a condensation of indole with 
formaldehyde and dimethylamine in the cold, 
is probably biological and gives a quantitative 
yield: 


V-’ 


H-CHoO-f NHMej,= 






CHg-NMeg-f-HgO 


The N-free extract includes sugars 1-4, pen- 
tosans 9 and pectin 1-6%. The ash contains : 


HgO CaO MgO 

27-1 11-7 4-3 


PaO* SO3 
2-4 6-7 4-7 


An alkaloid, “ ulexine,” obtained from the seeds 
by Gerrard (Pharm. J. 1886, [iii], 17, 101, 229) is 
identical with cytisine (q.v.) (Partheil, Ber. 1891, 
24, 634). From the flowers Bridel and Beguin 
(BuU. Soc. Chim. biol. 1926, 8, 915) have isolated 
a glucoside, ulexoside, hydrolysable to invert 
sugar and ulexogenol. 

, A. G. Po. 

GOSIO GAS {v. Vol. I, 479d, 483c). 

GOSLARITE, Zinc Vitriol or White Vitriol. 
Hydrated zinc sulphate, ZnS 04 , 7 H 20 , crystal- 
lised in the orthorhombic system and isomor- 
phous with epsomite. It results from the 
weathering of zinc-blende, and usually forms 


Gramine forms needles from acetone, m.p. 
134° ; picrate, m.p. 141° ; perchlorate, m.p. 160°. 
Orechoff and Norldna describe a methiodide, 
m.p. 177°, but a “ methiodide ” melting above 
350° and obtained by Wieland and Chi Yi Hsing, 
as well as by Kiihn and Stein, was in all proba- 
bility tetramethylammonium iodide. Madina- 
veitia showed that in the presence of methyl 
iodide and potassium hydroxide in methanol 
Solution, gramme is quantitatively decomposed 
into 3-methoxymethylindole and tetramethyl- 
ammonium io(fide, and that, without alkali, the 
latter salt is also formed (along with 3-hydroxy- 
methylindole ?). Ethyl iodide reacts normally 
with gramine in neutral solution, but in alkaline 
solution dimethylethylamine is formed. 

Arundo donax contains also a minute quantity 
of donaxarine, CjgHjgOjNg, m.p. 217° (Madina- 
veitia). This second alkaloid is an indole sub- 
stituted in the 2-position, for it gives neither the 
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Ehrlick nor the Hopkins and Cole reaction (both 
positive vith gramine). Donaxarine contains 
one — NMe group, bnt no — OMe or — CMe, 
and is optically inactive. 

G. B. 

GRANITE. An acid igneous rock consisting 
of a granular (hence the name) holociystalline 
aggregate of quartz, felspar and mica. It 
contains about 65-75% of silica, Tvhich is 
present partly as free silica (quartz forming 
30-50% of the rock), and partly in combina- 
tion in the sih'cates. The felspar (36-68%) is 
generally a potash-felspar, usually orthoclase, 
but sometimes microclme : it may also, especi- 
ally in the “ soda-granites,” be a soda-bearing 
orthoclase, anorthoclase or a plagioclase (albite 
to oligoclase). The mica (5-18% of the rock) 
is usually of two kinds, a white mica, muscovite, 
and a black mica, biotiteA The one-mica 
granite, biotite-granite, is sometimes dis- 
tinguished as granitite. Less frequently, horn- 
blende or augite may partly or wholly take the 
place of mica, as in hornfalende-gram'te and 
augite-granite. In other varieties, especially 
those altered by pneumatoljflc agencies, tour- 
maline may be present. Granites differ widely 
in their general appearance and character, owing 
to variations in their coarseness of grain, the 
occasional presence of larger porphyritic crystals 
embedded in a finer-grained groundmass, the 
colour of the felspars (dull white to pink), and 
the lack or predominance of the dark-coloured 
minerals, biotite and hornblende. Sp.gr. 2-6- 
2-8; weight per cu. ft., 160-175 lb.; crashing 
strength, 1,000, 2,000, 3,000 tons per sq. ft. 
Degree of porosity very low, 0-2-0-3%. The 
grain of the rock is sufficiently coarse for the 
individual minerals to be distinguishable by the 
unaided eye. It varies from fine-grained in 
aplile (a variety composed only of quartz and 
felspar) to very coarse-grained in pegmatite and 
graphic granite (the latter characterised by an 
intimate intergroAvth of quartz and felspar). At 
times granite displays a more or less pronounced 
foliated structure (gneissose granite), passing 
imperceptibty into gneiss. This rock has the 
same mineral and chemical composition as 
granite, and to a certain extent can be employed 
for the same purposes. 

The follo\ring analyses are of: I, Coarse- 
grained, red biotite-granite from Peterhead, 
xlberdeen (J. A. Phillips, 1880). II, Fine- 
grained, bluish-grey muscovite-biotite-granite 
from Ruhislaw, Aberdeen (W. Mackie, 1901). 
Ill, Biotite-granite with large porfibyritic 
crj'stals of red felspar from Shap, Westmorland 
(J. B. Cohen, 1891). IV, Grey muscovite- 
hiotite-granite from Grcady, near Lu.vuIIian, 
Cornwall (J. A. Phillips, 1880}. V, Dark red, 
medium-grained homblende-biotite-granite from 
Ulount iSorrcI, Leicestershire (C. K. Baker). 
VI, Average of nine analyses of the grey, two- 
mica granites of Leinster, S.E. Ireland (S. 
Haughten, 1855). For a large collection of 
analyses of granite, f J. Roth, “Beitrage z. 
Petrographie d. plutonischen Gesteine”, Berlin, 

^ Thi'se rnirif>r.ils carry part of thi,* each of 

Hh-h! rontainin:; nT>o«t K.O. llic bsslk of tl<e 

i>?. hrAvcvi-r, carried hv flie felspar, purp jjotash- 

le!*parfont.'i3j;ins KjO. 


1873-84 ; H. S. Washington, T7.S. Geol. Survey, 
Prof. Paper, 1917, 2so. 99. 



I. 

ir. 

m. 

IV. 

V. 

VI. 

SiO? . 

73-70 

6901 

68-55 

69-64 

67-16 

72-03 

AI2O3 

14-44 

17-74 

16-21 

17-35 

16-19 

14-10 


0-43 

0-97 

2-26 

1-04 

3-82 

2-40 

FeO . 

1-49 

2-05 

n.d. 

1-97 




MnO. 

trace 

— 

0-45 

trace 




MgO . 

trace 

0-48 1 

1-04 ! 

0-21 

1-58 

0-10 

CaO . 

1-08 

1-95 j 

2-40 

1-40 

2-69 

1-70 

Na.,0 

4-21 

2-73 

4-08 

3-51 

2-43 

3-01 

K26 . 

4-43 

3-94 

4-14 

4-08 

5-38 

4-80 


trace 

— 

— 

trace 




H„0 . 

0-61 

1-18 

n.d. 

0-72 

1-02 

0-91 

1 


100-39 

100-05 

99-13 

99-92 

100-17 

i 09-52 

Sp.gr. 

2-69 

2-61 

i 2-69 

2-72 

2-60 

2-63 


Granites are of wide distribution as rock- 
masses ,of considerable magnitude. They arc 
extensively developed and quarried in Cornwall 
and Devon, where they occur as a series of 
bosses protruding through the killas or claj'- 
slate. The largest of these intrusions are, 
proceeding westwards, those of Dartmoor, 
Brown Willy or Bodmin Moor, St. Austell or 
Hensbairow, Cam Menelez or Pemyn and the 
Land’s End or Penzance districts. In addition 
to these principal exposures there are numerous 
smaller masses. The granite of Devon and 
Cornwall is usually grey and coarse-grained, bnt 
red granite also occurs, as at Trowlesworthy 
in the western part of Dartmoor. Although 
used locally since prehistoric times, Cornish 
granites were not systematically quarried until 
early in the eighteenth century ; one of the 
first quarries to be developed was the De Lank 
quarry near Bodmin, which supplied the 
material for the exterior of the Edd 3 *stone 
Lighthouse in 1756. Dartmoor granite was 
sent to London in 1817 for the construction 
of Waterloo Bridge, and in 1831 for London 
Bridge. The granites of Scotland are of great 
industrial importance, Aberdeen ^anite was 
first brought to London for paving in 17GI, hnt 
the great development of the trade dates from 
about 1850. The Aberdeen stone, valued for 
monumental work, is of a grey or blue tint, 
whilst that of Peterhead is usually of a fine 
pink colour. The Ross of SluII in Argyllshire 
furnishes a handsome pink granite, j’iclding 
blocks of exceptional size. ' Granite is also 
quarried in Kirkcudbrightshire, the grey stone 
of Dalbeattie being well-known in commerce. 
Ireland is rich in granites. The verv' 
Leinster mass, in the counties of Dublin, V ick- 
low, Wexford and Carlow was quarried as 
early as 1680. Other important occurrcncc-s 
are in the Motime ^fountains in Co. Down, and 
in Co. Galway' and Co, Donegal. Other British 
occurrences are in the Sdliy Islands, Jersey 
and Guemsev', Lundy Island, Malvern Hilb, 
Mount Sorrel in Leicestershire, Skiddaw, E-k- 
dale, and Shap in the Hake District, the Sam 
district in North Wales, and Foxdale and Dhoon 
in the Isle of 3ran ; and in Scotland many other 
loraJifics in addition to those mentioned alcove. 

Granite is e.xtensively used as a buildinz 
.and p?.ving stone, and owing to its massive 
character and durability it is especially useful 
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where massive constructive work is required, 
as in the foundation of buildings, in doclcs, sea- 
walls, piers of bridges, lighthouses, etc. Taking 
a high polish, which is retained on oxiiosuro to 
Aveather, and being suitable for carving, it is 
much in demand for ornamental and monu- 
mental work. Refuse from the quarries is 
dressed as paving setts, or kerb stones, or crushed 
and sercened for road metal; railway ballast 
and granite chips. Partly weathered granite 
from near the surface, especially when covered 
by a soil rich in humic acids, shows dull cloudy 
felspars and the darker silicates have a rusty 
appearance, and the rock itself is often quite 
crumbly. This surface weathering may some- 
times extend to considerable depths, and under 
certain conditions china-stone or china-clay 
may result. The solid fresh rock is, however, 
little affected hj’’ weathering processes when 
employed as a building stone. The most im- 
portant cause of disintegration under these 
conditions is that due to the unequal degree of 
expansion and contraction of the different 
minerals with changes of temperature; coarse- 
grained granites are more affected by this 
agency than the finer-grained varieties. The 
handsome coarse-grained Rapaldm granite of 
Finland lacks dm’abilit5' on tliis account. 
Granite has further the defect that it does 
not resist fire well. The cracking and scaling 
of the surface is due to the presence in the 
quartz of vast numheis of microscopic cavities, 
containing water and liquid carbon dioxide. 
Stone containing nodules and specks of iron- 
pyrites should bo avoided, since this mineral 
readily decomposes, producing free acid and 
unsightly brown stains. Of special varieties 
used for ornamental purposes mention may bo 
made of luxullianite, and. orbicular or spheroidal 
granite. The former, from Luxullian in Corn- 
wall, consists of large poi’phyritic crystals of 
pink felspar set in a black matrix of tourmaline 
and quartz. A good set of large polished blocks 
and slabs of orbicular granite from several 
localities is displayed in the Mineral Gallery of 
the British Museum (Natural History). Granite 
was used as an ornamental stone by the ancient 
Egyptians and the Romans. 

Granite rocks are always divided naturally 
by joints, which usually run in three directions, 
approximately at right angles, -thus enabling 
the rock to be quarried in roughly cuhoidal 
blocks. These are sometimes of considerable 
size, providing, for example, the obelisks up to 
100 ft. in length obtained by the ancient Egyp- 
tians in the quarries of pink hornblende- biotite- 
granite at Assouan (Syene) in Upper Egypt. 
The blocks are split up by “ plug and feather ” 
wedges, the splitting taking place more readily 
in certain directions, known to the quarifymen 
as the “ rift ” or “ grain ” of the stone. This is 
sometimes due to the presence of flow structure 
in the rock with a parallelism of the flakes of 
mica, but. at other -times it is apparently due 
to the effect of stresses. When the surface is 
required to be dressed smooth, it is “ fine-axed ” 
by continual tapping, at right angles to the face, 
with -a special form of axe. Slabs are cut by 
diamond saws, and columns up to 8 ft. in dia- 
meter are turned in the lathe -with diamond-set I 


tools. The polishing of granite is effected by 
cast-iron planes worked over the smoothed sur- 
face, first with sand and water, and then wuth 
emery, the final polish being given -with putty 
powder applied on thick felt. In this way oven 
elaborate mouldings are polished. The name 
granite is sometimes incorrectly applied as a 
trade-name to stones of other kinds, e.g. “ black 
granite ” to a gabbro or other dark-coloured 
igneous rock of granitic texture, “ Petit granit ” 
to a black Belgian marble spotted with white 
encrinites, “ Mondip granite ” to a limestone, 
and “ Ingleton granite ” to a conglomerate. 

Veins of metalliferous ores frequently occur 
in connection with granite masses, either in 
the granite itself or at its junotion with the 
surrounding rocks. Tin ore, in particular, is 
almost always found only in association with 
granite. The pegmatite veins occurring in 
connection -with granite often carry various gem- 
stones (tourmaline, beryl, etc.) and rare-earth 
minerals. 

References. — G. F. Harris, “ Granite and out 
Granite Industries,” London, 1888. J. Watson, 
“ British and Foreign Building Stones,” Cam 
bridge, 1911. J. A. Howe, “ Geology of Build- 
ing Stones,” London, 1910. G. P. Merrill, 
“ Stones for Building and Decoration,” 3rd ed.. 
New York, 1903. J. G. C. Anderson and M. 
Maegregor, “ The Granites of Scotland,” Mem. 
Geol. Survey, 1939. On the granites of the 
eastern. United States, see T. N. Dale, Bull. U.S. 
Geol. Survey, 1907, No. 313; 1908, No. 354; 
1909, No. 404; 1911, No. 484. 

L. J. S. 

GRANITE-APLITE (v. Vol. Ill, 32d). 

GRANITE-PEGMATITE (vol. Ill, 32d). 

GRAPE. The fruit of Viiis spp. Euro- 
pean varieties are normally derived from F. 
vinifera L. According to Winton, American 
varieties have been bred from F. lahrusca L. 
(the fox grape), F. aestivalis Michx. (the 
summer grape) and V. rotundifolia Michx. (the 
Muscadine or southern fox grape). The famous 
American variety “ Concord ” is derived from 
P. lahrusca. It is used for dessert and for the 
manufacture of grape juice, hut is less favoured 
for the making of wine or of raisins. Typical 
analyses of the fruit include": 



HjO. 

Pro- 

tein. 

Fat. ' 

1 

Plbre. 

Carbo- 

hydrates. 

Ash. 

European 







(whole) 1 
European 

79-1 

0-7 


2-1 

lG-9 

0-5 • 

(skin) * . 
European 

70-5 

1-5 

0'9 

2-1 

18-4 

0-6 

(seeds) - 
American 

38-7 

5-5 

8-0 

27-0 

18-9 

0-7 

(whole) ® 
American 
(skin and 

77-4 

1-3 

1-6 

2-2 

17-0 

0-5 

Pulp)’* . 
American 

81-1 

0-4 

0-2 

0-6 

17-3 

0-4 

(pulp)'’ . 

82-3 

0-5 

0-2 

0-2 

16-6 

0-33 


^ Konig, " Analysis of Poods." 

- Balland (Kev. intern, falsif. 1900, 13, 92). 

® Atwater and Bryant (U.S. Dept. Agric. Off. Kxp. 
Sta. BjjU., 28 rev, (1906)). 

* Miller and Bazone (Hawaii Agric. Exp. Sta. Bull. 
No. 77 (1937)). 
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• The composition of grape juice varies consider- 
able with the stage of maturity of the harvested 
fhut and with growth conditions. Varietal 
differences may also be considerable. The 
storage quality and flavour of the fruit and the 
quality of preserved juice are largely controlled 
by the proportion of sugars and acids (mainly 
tartaric and malic) present in the juice. Among 
data for American varieties may be recorded the 
following percentage analyses of the juice : 



I. 

II. ! 

m. 

Total solids ... 

1 3-5-16-6 

201 

19-.3-22-2 

Protein . ' 

0-7-0-4 

0-4 1 

0-27-0-45 

Total acids (as tartaric 


j 

acid) 

0-4-0-8 

0-9 

0-7-1-0 

Tartrates (ditto) . . ' 

0-.3-4)-5 

0-7 

06-0-7 

Invert sugar . . . , 

12-3-13-4 

18-0 

170-1 90 

Sucrose 

O-a-1-9 

00 

00 

rannin 

0-03 1 

aoG 

0-I-0-4 

Ash 

0-2 

0-3 

0-3 


I. Varieties from F. rotundifolia, Gore (Ind. Ene. 
Chem. 1909, I, 436). 

n. Cata^yba variety from F. lahruf.ca, Gore (Z.c.). 

III. Concord, Hartman and Tolman (U.S, Dent. 
Agric. Bull. 056 (1918)). 

In juice from European varieties Colby reports 
variations in reducing sugar contents of 19'8- 
23*1%, in total sugars 21-0-23-5% and in free 
acids (as tartaric) 0'30-0-G5%. Caldwell (J. 
Agric. Res. 1925, 30, 1133) in a study of the effect 
of growth conditions reports the analyses of 
49 varieties of juice grown in the same locality 
during five successive seasons. Jlinimum aud 
maximum percentage values obtained were : 

Total solids 12-9-26-0 

Eree acid (as tartaric) . . d-5~2-l 

Invert sugar 8-9-24-8 

Sucrose 0-0-5-6 

Tannin 0-03-2-4 

In Muscadine grapes, which yield 3-5 gallons 
of juice per bushel, Armstrong et al. (Georgia 
Agric. Exp. Sta. Bull. 185, 3 (1934)) report 
the following ranges in juice characteristics: 
total solids 12-8-21 *3%, 3-42-2-96, tannins 

0-02-0-417%. 

During the ripening of grapes the juice com- 
position shows a marked increase in sugar con- 
tent and a diminution in acidity. Loss of 
acidity falls mainly on the malic acid : the total 
tartaric acid content is not greatly altered 
(Garino-Canina, Ann. Accad. Agric. Torino, 1914, 
50, 233 ; Eerre, Ann. Ealsif. 1928, 21, 75), al- 
though there is some conversion of free tartaric 
acid into tartrates (Brunet, Rev. vit. 1912, 37, 
15). The ratio sugar/acid in the juice -serves 
as a measure of ripeness of the fruit, complete 
ripeness corresponding to a ratio of 30 (Hugues 
and Buffard, Ann. Ealsif. 1936, 29, 279) and 
commercial maturity with a ratio of 25 (Meurice 
and Boulle, Bull. inst. agron. et sta. recherches 
Gembloux, 1935, 4, 22). JIathieu (Ann. Agron. 
1937, 7, 249) states that juice of ripe dessert 
grapes should show a sugar/acid ratio of not less 
than 25 and djg not below 1-070. 

In Concord grapes Eelson (J. Amer. Chem. 
Soc. 1925, 47, 1177) found the acids of the 
iuice to consist of d-tartaric (40%) and Uxaaiic 


acid (60%). Small proportions of citric acid, 
however, are reported by Hartmann and 
Hillig (J. Assoc. Off. Agric. Chem. 1928, 11, 
257) and by Heiduschka and Pyriki (Z. Enters. 
Lebensm. 1929, 58, 378). The flavour of wine 
from northern grapes is said to be influenced by 
the presence of lactic acid in the fresh juice 
(Schindler and Hulac, Chem. Listy, 1929, 23, 
73). Glyoxjdic acid occurs in unripe fruit 
(Scmichon and Elanzy, Rev. vit. 1933, 79, 197) 
and a hexuronic acid (m.p. 165°) is reported in 
purple grapes by Cahill (Bull. Soc. Chun. biol. 
1933, 15, 1462). 

Ercsh grape juice contains pectin and a partial 
clarification of the juice resiflts from the action 
of enzymes of Penicillium glaucum which con- 
vert part of the pectin into soluble compounds 
and precipitate the remainder together with 
suspensoids (Willaman and Kertesz, Eew York 
Agric. Exp. Sta. Tech. Bull. 178, 181 (1931)). 
Barbera (Ann. tech, agrar. 1933, 6, Eo. 3, 1, 
229, 350) isolated from grape juice a pectin 
yielding on hydrolysis arabinose, xylose, galac- 
tose, galacturonic acid and methyl alcohol. 
Its mcthoxyl content was less than that of orange 
pectin. 

The odour of grape juice is ascribed to the 
presence of methyl anthranilate, of which 0-2- 
2-0 mg. per h'tre of jiuce is reported bj' Power and 
Chesnut (J. Amer. Chem. Soc. 1921, 43, 1741). 

Unfermcnted grape juice is preserved com- 
mercially by pasteurisation or is concentrated 
by low-pressure distillation. In the latter con- 
dition it is sometimes referred to as grape 
“ honey,” an analysis of which is recorded by 
Caserio (Ind. ital. cons, aliment. 1936, 11, 51) 
as HgO 24, ether extract 0-7, ash 0-9, total 
sugars (as invert) 72, reducing sugars (as frnic- 
tose) 66-8, protein 0-79, total acid (as malic) 
1-5%. Gachot (Proc. 5th Intern. Cong. Tech. 
Chem. Agric. Ind. Holland, 1937, II, 445) 
describes the pasteurised juice as having d 1-072, 
dry matter 19, sugars 15-6 and ash 0-29%. 

The anthocyanin pigment of European grapes 
[isoenin, CjsHjsOijCI-f 4H2O, a monoglucoside 
of dimethyldelphinidin (oenidm) chloride, 
C1-HJ5O7CI (WiUstatter and Zollinger, Annalen, 
1915, 408, 83; 1916, 412, 195). Anderson (J, 
Biol. Chem. 1923, 57, 795; 1924, 61, 97) 

isolated from Concord grapes a monoglucoside of 
the monomethyl ester of delphinidin. Both 
anthocyanin and anthocj-anidin pigments were 
obtained from Italian grapes (Parisi and Bruim, 
Staz. sper. agr. ital. 1926, 59, 130). 

Geape-seed om (q.v.). 

Raisins and oubeasts represent a wide range 
of varieties of dried grapes. Borntrager (Z. 
Unters. Eahr.-u. Genussm. 1899, 2, 257) gives 
the average percentage analyses of samples from 
several Mediterranean countries as : 


Source. 

Spain /muscatel) . 
Italy (raisins) . 
Palestine (raisins) . 
Syria (raisins) . 
Zanti (currants) . 
S. Manra (currants) 
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Baisins. 

CUIT.Ult 

Water 

24-5 

25-1 

Nitrogenous matter . 

2-4 

1-2 

Fat 

0-G 


Free acid 

1-2 

1-5 

Invert sugar .... 

59-3 

61-8 

Sucrose 

2-0 

— 

Other carbohydrates 

1-3 

5.9 

Crude fibre and seeds . 

7-0 

2-4 

Ash 

1-7 

1-8 


IConig’s averago data for raisins and currants 
arc given in the table opposite. 

Average analyses for the edible portion of 
American raisins are given bj’ Atwater and 
Bryant {l.c.) as HjO 14-6, protein 2-G, fat 3-3, 
N-free extract and fibre 76’1, asli 3-4%. 

Rajsin-seed oiii (y. Grape-Seed Oil). 

Recorded mineral analj'ses of grapes and their 
products include: 



Fresli fruit 
(European).^ 

I'l-esli fruit 
(Concordl.- 

Skin.® 

Seed.® 

Juice,® 

" Honey." 

K„0 . . 

0-19-0-35 

0-22 ■ 

0-40 

0-28 

0-25 

0-19 

Na„0 . . 

O-Ol-O-OG 

0-004 

0-03 

0-03 

0-01 

— 

CaO . . 

0-02-0 -03 

0-03 

0-13 

0-31 

0-02 

0-lG 

MgO . . 

0-01-0-02 

0-21 

0-03 

0-08 

0-02 

— 

FCgOg . . 

— 

— 

0-12 

0-005 

O-OOG 

0-003 

MhoO, 

— 

— 

0-005 

0-003 

0-02 

— 

PoOg . . 

0-08-0-18 

0-04 

0-lG 

0-22 

0-05 

0-Gl 

; SO3 . . 

0-01-0-03 

— 

0-05 

0-02 

0-02 



SiO, . . 

0-02-0-03 

— 

0-02 

0-01 

0-01 



1 Cl . . . 

0-00-0-02 

0-001 

0-005 

0-003 

0-004 

— ■ 


Bioletti. - Atw.stcr and Bryant. “ Konig. ■* Caseiio. 


Boric acid and traces of copper, aluminium and 
zinc have been reported by various observers. 

A. G. Po. 

' GRAPEFRUIT. The fruit of Citrvs decu- 
mana Miirr., sometimes described as G. gra7idis 
Osbeck or C. auranthwi var. grandis L. The 
common grapefruit is gronm widely in the 
tropical and subtropical areas of North America 
and of Africa. The “ pomelo ” is a pear-shaped 
variety with thick rind. In Hawaii a similar 
variety is known as the “ shaddock.” Winton 
(“ Composition of Foods ”) quotes the per- 
centage analyses (shown opposite) for the edible 
portions of the fruits : 



Grapefruit. 

Pomelo. 

Siiaddock. 

Water . 

88-1 

87-7 

88-5 

Protein 

0-G 

0-7 

1-2 

Citric acid 

0-7 

1-1 

0-3 

Total sugar . 

G-G 

9-2 

8-1 

Sucrose 

3-9 

G-2 

7-3 

Ash . . 

0-43 

0-C3 

- 0-49 


Joachim .and Pandittesekere (Trop. Agric. 1939, 
93, 14) report analyses of grapefruit grown in 
Ceylon and quote comparative data for the juice 
of fruit from a number of sources : 



I. 

Florida. 

n. 

Trinidad. 

III. 

Puerto 

Rico. 

IV. 

Texas. 

V. 

S. Africa. 

VT. ■ 

Jamaica. 

VII. 

Ceylon. 

Juice, % .... 


— - 

- 

36-9-58-9 

■■■ 




Citric acid, g./lOO c.c. . 

0-9-1-4 

1-0-M 

1-1 

1-0-1 -4 


0-8-1 -5 

Kmb ml 

Total solids, g./lOO c.c. 

G-9-9-7 

8-G-9-2 

8-1 

8-3-10-5 


9-8-11-8 

ItOHB iBfJ 

Total sugars, g./lOO c.c. 
Reducing sugars, g./lOO 

4-8-G-2 

G-5-7-3 

4-8 

6-7-7-0 



4-2-7-5 

C.C. ..... 

3-4-4-0 

4-8-5-1 

3-1 


4-G 

— 


Solids/acid .... 


8-3-9-0 

7-1 

7-7-9-0 

— 

7-3-13-3 

4-6-8-9 

Pa 

3-0 

3-1-3-3 


3-2-3-3 

3-4 

— 



I. Roberts and Gaddum, Ind. Eng. Chein. 1937, 29, 574. 

II, III. Hardy and Rodriguez, Trop. Agric. Trinidad, 1935, 12, 205. 

IV. Traub and Eriend, Texas Agric. Exp. Sta. Biiii. 1930, Eo. 419. 

V. Jnritz, Union S. Africa, Dept. Agric. Sci. Buli. 1925, No. 40, 3. 

VI. Crouclier, Jamaica, Dept. Sci. Agric. Bull. No. 5, 

VII. Joachim and Pandittesekere, l.c. 


The pomelo juice is somewhat more concentrated, 
analyses showing an average of: solids 12-2, 
citric acid 2-5, total sugars 8-7, sucrose 5%. 
VoL. YI.— 9 


In addition to citric acid smaller amounts of 
malic and traces of tartaric and oxalic acids 
occur in the j nice . In Palestine fruit, Menchikow- 
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sky and Popper (Hadar, 1932, 5, 181) record; 
citric acid 0-G7-l*15, tartaric acid 0-0003- 
0-0007, malic acid 0-007-0-010 and oxalic acid 
0-002-0-005%. 

Nelson and Keenan (Science, 1933, 77, 5G1) 
report 0-0028% of inositc in grapefruit juice. 

During tbe ripening of grapefruit tlie ratio of 
sugar/acidity in the juice increases and is an 
appro.ximate measure of maturity for commercial 
purposes. Hyatt (New Zealand J. Sci. Tech. 
1930, 18, 409) considers the ratio of total solids 
(Brix) to acidity should be 6 or over in palatable 
fruit. Investigations of Zoller (Ind. Eng. Chcm. 
1918, 10, 364) and of Hawluns (J. Agric. Res. 
1920, 20, 357; 1921, 22, 2G3) show that the 
change in sugar/acid ratio in normally ripening 
fruit is brought about by a relatively larger 
diminution in acid content than the increase 
in sugar. Storage of the fruit in warm oon- 
difcions causes a marked increase in acidity with 
only a small change in sugar content, whereas 
during storage at 0° there is a considerable 
decrease in acidity, the sugar content again 
sho^ving little change. There is a small increase 
in pij of the juice during maturation, but the 
relationship is not sufficiently uniform to be 
of commercial interest (L. Smith, Florida Dept. 
Agric. Chem. Div. Rept. 1933/4, 85). Grape- 
fruit juice is a rich sauce of vitamin C and also 
contains appreciable amounts of vitamin B. 
Its vitamin A content is small. 

The bitter principle of grapefruit rind is the 
flavanonc glucosido naringin which gives on 
hydrolysis 5-gIucose, 1-rhamnose and -naringenin 
{5:7:4'-trihydrox3'flavanone). The amount pre- 
sent ranges from 0-14-0-8% of the weight of the 
whole fruit. 

Steam distillation of the rind produces 1-5% 
of a yellow essential oil, 1-475-1-4785, d^o 

0- 845-0-8G0, consisting of d-firaonene 90-92, citral 
3-5, a-pinene 0-5-1 -5, goraniol 1-2, and linalool 

1- 2%. The expressed oil from the rind, on dis- 
tillation first in vacuo and then in steam, leaves 
7-5% of a waxy residue (Nelson and Mottern, 
Ind. Eng. Chem. 1934, 26, G34). The wax con- 
tains solid fatty acids of molecular weight corre- 
sponding to C32Hg402, together with linolenic, 
linoleic and oleic acids, a sapogenic ketone, 
G31H52O, m.p. 253°, hydrocarbons (mainly 
CagHgo and CgiHeJ, a phytosterol, C28H47OH, 
m.p. 132°, and umbelliferone (JIarkley el al., J. 
Biol. Chem. 1937, 118, 433). The pectin content 
of the peel frequently exceeds 10% of its total 
weight (c/. Poore, Ind. Eng, Chem, 1934, 26, 
637). 

The colour of grapefruit rind is due to a 
phlobatannin which darkens on exposure to air. 
Pink varieties contain lycopene and ^-carotene 
(Matlack, J. Biol. Chem. 1935, 110, 249). 

From grapefruit pulp Hiwatari (J. Biochem. 
Japan, 1927, 7, 169) has isolated glycine-betaine, 
stachydrine and putrescine. 

Chace (U.S. Dept. Agric. Bur. Chem. Bull. 
1904, No. 87) shows the ash of grapefruit to 
contain KgO 44-2, CaO 7-3, MgO 3-9, Fe^O^, 
1-3, P2O5 11-1, SO3 3-4 and Cl 1-4%, the total 
ash content being 0-39% of the weight of the 
whole fresh fruit. 

In recent years the rapidly extending canning 
process has led to the accumulation of much 


grapefruit waste (peel, rag and seeds). Thomas 
(Citrus Ind. 1934, 15, No. 11, 8-9) reports this 
as being of value as a cattle food, its analysis 
being : 


% 


Water ..... 

. . . 8-2 

Protein 

... 4-9 

Fibre 

. . '. 11-9 

N-free extract . 

. . . 69-6 

Ether extract . 

... 1-1 

Ash 

. . . 4-23 


A. G. Po. 

GRAPEFRUIT, ESSENTIAL OIL OF 
{v. Gkai’kfkuit). 

GRAPE-SEED OIL (RAISIN-SEED 

O I L) is obtained commercially from the residual 
pips recovered from the processing of the vine- 
grape (varieties of the old-world Viiis vinifera 
L., the American V. labrusca, V. sestivalis and 
V. fiparia, and their hybrids) for the manu- 
facture of wine or of seedless raisins (especially 
in California). The pips contain from 6 to 20% 
of oil, which may be recovered partially by ex- 
pression, or in higher yield by extraction with 
solvents ; the crude grape marc from the wine- 
pressing may be distilled as usual if desired 
before separating the pips. Since the first com- 
mercial trials in Italy in about 1770, grape-seed 
oil has been of occasional local importance 
(chiefly when other oils have been scarce) in 
manj'^ European wine-growing countries such as 
Italy, France, Germany, Austria and the Balkan 
States ; recovery of grape seeds for oil manu- 
facture was made compulsorj’’ in certain districts 
of Germany in 1938-39. The better qualities of 
the oil are used for edible purposes, whilst the 
lower grades may be employed for the manu- 
facture of soap, paints, linoleum, etc. In Cali- 
fornia refined raisin -pip oil is used as an edible 
(salad) oil, for the coating of seeded raisins to 
prevent stickiness and for the manufactme of 
cosmetic preparations, as well as in the soap- 
making and paint and varm'sh industries (r. 
A. M. Paul, Food Ind. 1934, 6, 444 ; Eaton, Soap 
Trade Rev. 1937, 10, 497 ; Rabak, J. Ind. Eng. 
Chem. 1921, 13, 919 ; H. A. Gardner, U.S. Paint 
and Var. Mannf. Assoc. Scient. Sect. Circ. No. 
190 (1923) ,- H. Scheiber, Farbe u. Lack, 1936, 
17, and later papers,- Brambilla and Balbi, 
Chim. e. rind. 1936, 18, 3.53; 1937, 19, 10; see 
also Bonnet, Bull. Sec. d’Encour. 1927, 126, 523 
(review of French industry) : Fritz, Chem.-Ztg. 
1935, 59, 704 (German production)). Grape- 
seed oil is not satisfactory for the manufacture 
of Turkey red oils, nor as a lubricant ; Margaillan 
states, however, that blown grape-seed oil may 
be used for the latter purpose (BuH. Soc. 
d’Encour. 1927, 126, 560 ; Compt. rend. 1927, 
185, 306). 

Cold pressed grape-seed oil from fresh seeds 
is pale in colour and satisfactory in flavour; 
it is stated by Eaton, however (see Jamieson and 
McKinney, Oil and Soap, 1935, 12, 241), that 
both the freshly expressed crude oil and refined 
oils give a positive Kreis test. The technical 
oils vary in colour, acidity and taste according to 
the age and condition of the seed treated, but 
can be refined fairly easily. 

The chemical constitution of grape-seed oil is 
stiU uncertain, as the data recorded for the oil , 
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by various observers are ver}'^ conflicting (c/. 
collected data in reviews b}'^ Eritz, Seifens.-Ztg. 
1927, 70J, and Bnlbi and Brambilla, Olii 

Min., Olii c Grassi, Colori o Vcrnici, 1937, 17, 
Nos. 3-7). The fact seems to be that the 
character of the oil varies widely from sample to 
sample ; the variet}’’ of the jdant (and there are 
supposed to be over oOO varieties of V. vinifera), 
the nature of the climate and of the soil are all 
factors which appear to influence the com- 
position of the oil to a degree which is unusual 
among vegetable oils. 

On the whole, the evidence suggests the exist- 
ence of three main types of grape-seed oil. 

(a) The Hydroxylated or “ Castor Oil ” Type . — 
The early investigator Horn (Mitt. Gew.-Mus. 
Wien, 1891, 185) and later Paris (Staz. sper. 
agr. ital. 1911, 44', GG9) reported iodine values of 
94-9G, saponification values of 178-179 and 
very high acetyl values, viz. 14.4-5 and 143, which 
were regarded as characteristic of grape-seed oil 
and indicative of the presence of glycerides of 
hydroxylated acids of the castor oil type. 
Considerable doubt has been cast upon the 
validit}’- of these early results, as the methods 
employed for the determination of the acetyl 
value are open to adverse criticism ; also in most 
casefe the oils were highly acid and it has been 
found that some grape-seed oils, at least, are 
liable to develop high acetyl values upon ageing 
(c/. also Delaby and Charonnat, Compt. rend. 

1930, 191, 1011). Nevertheless, although such 
high acetyl values have never been observed 
again, the fairly recent examination of a large 
number of grape-seed oils of diflerent origin by 
Andre {ibid. 1921, 172, 129G, 1413 ; 1922, 175, 
107 ; 1923, 176, G86, 843 ; Andre and Canal, 
Bull. Soc. d’Encour. 1927, 126, 542; Taufel, 
Fischler and Jordan, Allgem. Oel- Fett-Ztg. 

1931, 28, 119 ; c/. Fettchem. Umschau, 1934, 
41, 196) and Otin and Dima (Allgem. Oel- 
Fett-Ztg. 1933, 30, 71, 135; 1934, 31, 107; 
cf. Beal and Beebe, J. Ind. Eng. Chem. 1915, 7, 
1054), seems to afford confirmation of the 
existence of a moderate amomrt of hydroxylated 
acids in certain grape-seed oils. Out of some 
40 laboratory-prepared and 6 commercial samples 
studied by Andre, G had acetyl values between 
20 and 50, whilst one — a commercial sample 
from Oran, having 40% free fatty acids — had an 
acetyl value of the order of 66. Most of the 40 

' Rumanian oils examined by Otin and Dima 
had hydroxyl values ^ in the region of 40 
t (equivalent to acetyl values of c. 39), the figure 
' being somewhat higher (50-60) in a few cases. 

They give the following composition for an oil 
ij' (iodine value 124, hydroxyl value 34-8) from 
oi Southern Bessarabia : hydroxy-acids 11-8%, 
]I oleic acid 31-0%, linolic acid 43'7%, linolenic 
acid 0T4%, palmitic acid 6-2%, stearic acid 
^ 2-2%,^ glyceryl residue (CgHg) 4-04%, un- 

til saponifiable matter 0-59%. 

Taufel reported hydroxyl values of 92 and 
list 76 (equivalent to acetyl values of c. 86 and 71, 
jtl respectively) for two oils of acid value 51 and 7, 
iit>l , respectively : in both cases the fatty acids 
gio prepared by saponification had hydroxyl values 
W* 

' The hydroxyl values were determined by ITor- 
, niann’s method; the approximate equivalent acetyl 
jiP values have been obtained by calculation. 

eoil 


of 44—46 (acetyl values c. 45) which appears 
to confirm tho existence of hydroxj^-acids. 
Further evidence is supiilicd by Andre {l.c. 
1921, 1923) who claims to liave separated a 
mixture of a saturated and an unsaturated 
hydroxj’’ acid ( 0^4 or C^q ?) from a sample 
having an acetyl value of 49. Rioinoleie acid 
itself, however, is not present. 

It must bo noted that all these recent speci- 
mens had iodine values between 124 and 142 
(mostly between 132 and 139) and saponification 
values between 186 and 192 (most 189-190), and 
it seems lilcely that the low iodine values found 
by Horn and Paris were a consequence of the 
oxidation of tho oil, since it lias been shown b}"- 
Otin and Dima that the iodine value falls very 
considerably when grape-seed oils are stored in 
tho presence of air. No correlation can yet bo 
drawn between the acetjd value and the variety 
of the grape or ecological factors ; there can 
oven bo considerable variation in tho acetyl 
value of oil from seeds harvested in the same 
vinc 3 'ard in successive seasons (Andrd), but it 
appears on the whole that a hot diy climate 
and a dry lime soil favour the production of 
lydroxy-acids. 

It is doubtful whether oils having acetyl values 
in the region of 18-25 {cf. Fachini and Dorta, 
7th Int. Congr. Appl. Chem. 1909, Sect. A 1, 
128 ; Andre, l.c. ; Jamieson and JIcKinnej', 
l.c.) should be included in this group or under 
(c) {below). * 

{b) The “ Enicic Acid ” 7’ypc. — The occur- 
rence of crucic acid in grape-seed oils was re- 
ported bj' Fitz (Ber. 1871, 4, 442, 910) and again 
by Paris {l.c.), but was disputed by subsequent 
investigators including dell’Acqua (Ann. chim. 
appl. 1914, 2, 295) and Jamieson and McKinney 
(Oil and Soajx 1935, 12, 24l). Its presence, 
however, was again affirmed by Carri6re and 
Brunet (Compt. rend. 1927, 185, 1516) and by 
MiksiG and Rezek (oil from tho American 
hybrid vine “Noah” grown in Jugoslavia: 
Bull. Soc. cliim. Roy. Jugoslav. 1930, 1, No. 2, 
32). 

(c) The Semi-Drying Type of Grape-Seed Oil 
is undoubtedly the most common. Erucic acid 
is absent, and as a rule tho acetyl value is very 
low, although technical oils may show fairly 
high acetyl values owing to the formation of free 
fatty acids, mono- and di-glycerides by partial 
hydrolysis. The iodine values generally run 
from 130 to 140 (Andre records a maximal 
figure of 157) ; the saponification values are 
normal (c. 190) and the oils exhibit moderate 
drying properties which render them suitable 
as partial substitutes for more ’unsaturated oils 
in the paint and varnish industries, etc. The 
composition of the fatty acids of a Californian 
raisin-seed oil (iodine value 129) of this type 
(acetyl value l’8-8, acid value 0) is given by 
Jamieson and McKinnej^, l.c. {cf. Taufel et al., 
l.c.) as follows : . palmitic acid 6-3 ; stearic acid 
2*9; oleic acid 33-5 ; linolic acid 52-7 ; linolenic 
acid 2-4%. Traces of arachidic acid and 
melissic acid (probably derived from the wax 
on the seed coats) were also present {cf. Balbi 
and Brambilla, Olii Min., etc., 1937, l.c. supra ; 
Kaufmann, Fette u. Seifen, 1938, 45, 288). 
An oil (iodine value 137'8) examined by Kauf- 
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marm and Fiedler {ibid. 1937, 44, 286) contained 
10-8% of saturated acids but no linolenie acid. 

The phirtosterols of grape-seed oil appear to 
consist cliieflv of sitosterol Tvith a small amotmt 
of a dextrorotatory sterol (Antoniani and ZaneUi, 
Atti. R. Accad. Lincei, 19.32, [vij, 15, 284). 

The residual seed-cake after expression or ex- 
traction of the oil is fairly rich in protein and 
potassium phosphate and may he employed as 
an animal feeding-stuff or as fertiliser. In the 
case of raisin-pips, 15% of tannins can he 
recovered after extraction of the oil, leaving a 
residue snitahle for cattle-feeding (Rabak, Bulk 
U.R. Dept. Agric. Bur. Plant. Ind. 276 (1936)). 

Hitherto it has heen usual to separate the pips 
from the grape marc before recovering the oil. 
The fruit pulp, hovever, also contains a certain 
amount of fatty matter of a more saturated 
character, so that a mixed fat, of vhich about 
one-half is derived from the pips and the rest 
from the skins and pulp, can be obtained by 
treating the unseparated dried marc. Such a fat 
examined by il. de Girves (Bull. Assoc. Chim. 
Suer. 1937, 54, 140) had m.p. 51°, saponification 
value 182, acid value 26-8, iodine vadue 118 and 
unsaponifiable matter 5% (Fachini, Ind. Olii 
Min. e. Grassi, 1930, 10, 122 ; S. A. Fabr. Chim. 
AreneUa. F.P. 635628). 

E. L. 

GRAPH ITE (r. Vol. H, 313d). 

GRAPHITIC ACID, graphitic oxide, is 
formed on_ oxidising graphite, e.g. by treating it 
vith potassium chlorate in nitric acid (Brodie, 
Phil. Trans. 1859, 149, 249; O. W. Storey, 
Trans. Electro-chem. Soc. 1927, 53, preprint) or 
in a nitric- sulphuric acid mixture (U. Hofmann, 
A. Frenzel and E. Csalan, Annalen, 1934, 510, 
34), or by electrolytic oxidation of graphite i 
anodes (U. Hofma nn and A. Frenzel, Kolloid-Z. 
1934, 68, 149). 

Graphitic acid is a green-grey povrder of com- 
position approximatiag to Ci^HjOg. It yields 
colloidal solutions on treatment •with hot water 
and suffers complete disruption "with evolution 
of water vapour, carbon monoxide and carbon 
dioxide on heating to 200°. 

Attempts have been made to find a definite 
constitution and stoichiometric composition for 
graphitic acid (H. Thiele, Z. anoig. Chem. 1930, 
190, 145; Kolloid-Z. 1932, 56, 129). On the 
other hand it has been described as an adsorption 
complex of graphite, water, carbon monoxide 
and dioxide. Recent chemical, X-ray and other 
physical determinations have led to a different 
■view. It now seems established that graphitic 
acid is formed by the insertion of oxygen atoms 
between the laminse of graphite and may be 
termed a two-dimensional macromoleeule. The 
X-ray and other physical evidence for this struc- 
ture includes the molecular -uni-dimensional 
swelling in polar solvents discussed by Bruins 
(Rec. trav. chim. 1935, 54, 317). The 

chemical evidence for this conclusion is briefly ; 
Graphitic acid may be reconverted into graphite 
by moderate heating (U. Hofmann and A. 
Frenzel, Kolloid-Z. 1932, 58. 8); the carbon/ 
oxygen ratio varies between 2-9 and 3-5 but 
osygen is never expelled as such nor directly as 
water; ftmther, oxj-gen may be replaced by 
sulphur yielding graphitic sulpbide on reducing 


I -with hydrogen sulpbide (Hofmann, Frenzel and 
I Csalan. ?.c.). 

I Graphitic acid has been used in the prepara- 
i tion of threads, films, etc., by evaporating 
colloidal solutions (G.P. 298605). which are 
reduced to graphite by phenylhydrazine vapour 
(G.P. 600768), and also as a binder for carbon 
and metal oxides in the manufacture of electric- 
heating resistances (G.P. 512264). 

GRAPPIERS (i-. Vol. n, Ubh). 
GRASS-CLOTHS {v. Tol. HI, 32J). 

GRASS LAND. Attention has recently 
been directed to the faigb proportion of inferior 
grass land in Britain. R. G. Stapledon, “ The 
Land, 2vow and To-morrow,” Faber and Faber. 
1935, disensses this aspect of our agriculture 
from a national point of view, and on the results, 
so far obtained, from the application of bis re- 
search work to the Cahn Hill Improvement 
Scheme, Aberystwyth, has shown how each type 
of grass land can be improved up to the level of 
that next higher in the scale. In a further book 
entitled “ A Survey of the Agricultural and 
Waste Lands of Wales,” Faber and Faber, 1936, 
Stapledon and his colleagues have heen -able, on 
the basis of a botanical survey*, to classify grass 
land and produce a map of the grazings of 
Wales. Amongst points of exceptional interest 
two are of outstanding importance: (1) good 
lye-grass grazings occupy only 16,000 acres or 
0-4% of the agricnlt-ural area in Wales, and 
(2) Agrosiis pasture and JIolhiia-Kardus moor 
together occupy 54*8% of the agricultural area. 
The 1,697,000 acres of Agrosfis past-ore probably 
represents the most easily improvable grass 
land. 

The results of recent research into the possi- 
bilities of grass as a food for live-stock have 
opened up new problems in connection "with grass 
I land improvement. Earher grass-land research 
I dealt mainly -with two aspects : the effect of 
1 fertilisers, especially lime and basic slag, and the 
production of new swards by sovring, mainly m 
the north of England and Scotland- Accounts 
of this work are available in the Guides to the 
experiments on the Xorthumberland County 
Council’s farm. Cockle Park (King s College, 
Kewcastle-on-Tyne), and the publications of the 
Korth of Scotland Agricultural College. Aber- 
deen. 

Large areas of grass land have become so 
noticeably deficient in lime and phosphate that 
the basis of the Govenunent's agricultural policy 
as approved by Parfiament in the Agneuitnre 
Act, 1937, has been to subsidise the use of 
lim e and basic slag. 

Ldie-Deficiexcv. — ^In areas of acid soih, 
especially on Coal Measures and ^Millstone Grit, 
the main factor limiting grass land produefivite 
is hme-deficiency. The effects of lime-deficienc} 
in the soil are accentuated in industrial areas 03 
smoke pollution, which has an indirect effect 
on the crop through the soil and a direct effect 
on the plant itself. An abnormal accnniulation 
of snlpbur compotmds in sod and crop is notice- 
able under such conditions, and the effect 1^ 
worst on perennial crops such as grass. Die 
application of lime quickly increases the calcium 
content of the herbage, but a change in the 
botanical composition is slower in appearing in 
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permanent grass. • It is usually more economical 
to plough out the old sward, incorporate lime 
with the newl.y turned soil, and re-sow. 

PiiOsniATn-DEFiciENOY. — ^Most clay soils, 
hut especially Boulder Clays, exhibit serious 
phosphate-deficiency when under grass. Phos- 
phatic fertilisers differ somewhat in their effec- 
tiveness according to soil and climate, hut cor- 
rectly used they have a marked effect on the 
clover content of a sward and subsequently, 
through enhanced fertility, on the productivity 
as a whole. Phosphoric acid recovery in the 
herbage on seriously phosphate-deficient soils 
is low (E. ]\I. Crowther, J. Roy. Agric. Soc. 
1934, 95, 34). On Boulder Clay at Cockle Park 
the recovery from one application was less than 
10% over a period of 3 or 4 3 'ears during which 
frequent cuts were taken. The balance of the 
PoOg is still held in the surface soil. After 
regular applications of basic slag for 40 years the 
recovery is higher, and it appears as though a 
certain degree of soil saturation in regard to 
phosphoric acid has to he reached before a 
reasonable recovery of added PoOs is possible 
in the herbage (J. A. Hanlej*, Proc. 4th Inter- 
national Grassland Congress, Aher 3 'stw 3 ’th, 
1937). 

Recent research has shown that the actual 
returns from the use of fertilisers depend ver 3 '^ 
much on the efficiency of the “ management ” of 
the grass, i.c. the methods of utilising the crop. 
Methods of cutting and grazing can exert 
almost as big an influence on the sward as 
methods of manuring. (Jlarthi Jones, Empire 
J. Exp, Agric, 1933, 1, No, 1, 43-45). In fact 
the condition of largo areas of our natural and 
serai-natural grazings is due entirely to manage- 
ment methods. The influence of extensive sheep 
grazing, the htirning of heather grazings, the use 
of cattle, the stage at wfiiich grass is grazed or 
cut, and the taking of regular ha 3 '^ crops, all affect 
botanical composition and qualit 3 ^ 

Qualit 3 '^ may be affected to such an extent that 
herbage becomes seriously mmeral-deficient. 
Overseas, in the Dominions and elsewhere, 
deficiency diseases are common and well recog- 
nised (J. B. Orr, “ Minerals in Pastures,” Lewis, 
1929). In this country they are not so pro- 
nounced, but there is a good deal of evidence that 
mineral-deficienc 3 '' is at least a predisposing 
cause of certain sheep diseases. 

Moreover, the vast changes in methods of 
stocking grass land, e.g. the increase in the output 
of milk and of young stock and the slaughter of 
younger animals for meat, mean that a much 
bigger proportion of the live-stock carried is 
either milk-producing or young growing stock 
removing relatively large amounts of minerals. 

The proportion of CaO in the dry matter of 
reasonably good grass 'is usually not less than 
1% and of PjOj not less than 0’75%. These 
percentages are greatly exceeded in many in- 
stances. Whilst 0-4% P20g is a low figure, less 
than 0-1% PgOg has been observed in the 
herbage of some open hill grazings (W. L. 
Stewart and A. Ph 3 dlis Ponsford, J. Comp. Path, 
and Therap. 1936, 59, Part I, 49-62). 

Generall 3 '- spealdng, the grasses are not as 
mineral-rich as the clovers or ’the weeds, but 
properly managed grass , converted in the young 


leafy stage, has a high mineral content (T. W. 
Fagan and H. T. Watkins, Welsh J. Agric. 
1932, 8, 144-151). Stapledon has advocated the 
use of such plants as dais 3 % plantain and butter- 
cup to some extent on poor upland mineral- 
deficient grazings. 

Intensive j\Ianueino and Grazing. — The 
nutritive value of pasture herbage depends very 
much on the stage of growth at ivhich it is 
removed. The so-called “ intensive manage- 
ment” of grass land is aimed at converting it as 
nearly as possible at its most nutritious stage of 
growth, i.e. with the maximum amount of leaf 
and the minimum of stalk. This stage is usually 
attained at 4-6 weeks growth from tlio previous 
close grazing or cutting. The herbage under 
normal conditions of growth is then about 6-8 in. 
high and contains about 20% crude protein in tho 
dry matter. On analysis tho dry matter is 
approximately equivalent to a balanced ration 
for milk production and can be kept at that stage 
throughout the season b 3 ’- regularly repeated 
grazings or cuttings. Such a method makes a 
heavy drain on plant nutrients in the soil and 
calls for correspondingly heavy manuring. It 
also calls for skilful management of the grazing 
since growth is uneven from month to month 
in all seasons. 

The method involves “ rotational grazing ” 
over a series of fields prepared for grazing at 
intervals, live-stock being concentrated on each 
field in turn.' Theoretically this method is 
sound but in practice it is interfered with by 
seasonal changes in rainfall and temperature, so 
that modifications of the original strict rotational 
plan are tho rule. 

The numerous experiments carried out in 
connection with tins method have, however, 
furnished new and valuable information on the 
possibilities of grass, and made it clear that as a 
crop it offers food for live-stock of “ production ” 
as woU as “ mauitenance ” quality, and further, 
if it can be preserved at the right stage of growth, 
material for winter as well ns summer “ keep.” 

Grass Ensilage. — ^Although special crops 
have been grown for ensilage in this country it 
was not, imtil feeding stuffs became short during 
1914-18, a popular method of preserving grass. 
If green grass is heaped in a pit or stack, fer- 
mentation processes lead to loss of dry matter 
which in some cases may result in a loss of nutri- 
tive value as high as 40%. It is estimated that 
the average loss is 25%. These processes can 
be artificially arrested and two methods for 
doing this have recently been tried : 

(1) Increasing the soluble carbohydrate con- 

tent by watering on molasses as the heap 
is made (usually in a silo), and 

(2) Adjusting the pn by use of h 3 ffirochloric 

or sulphuric acid (A.I.V. process). 

The latter method gives the least loss under 
skilful control but, on the average farm, the 
method proves difficult to handle and the use of 
molasses is probably the easier and safer plan 
(W. M. Davies, G. H. Botham and W. B. 
Thompson, J. Agric. Sci. 1937, 27, 151). 

Grass Drying. — It is, however, possible that 
artificial drying of young grass of high quality 
will take its place with other methods of con- 
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servation. Drying of green fodders, especially 
lucerne, has been practised for many years, but 
the drying of young grass was first tried in this 
country on a really important scale in 1936 when 
about 10,000 tons of ^ed grass were produced. 
Tn 1937 the process was extended and several 
new types of drier introduced. It has been 
established that j^ung grass can be successfully 
dried without appreciable loss of protein, 
minerals, carotenoids or digestibility, and the 
success of the practice depends on : 

(1) The production of an economical drier; 

(2) . The regular production of grass of a 

quality suitable for dr3ung throughout 
the season ; and 

(3) The introduction of this new concentrated 

food into live-stock rations. 

The driers now in use have a rather low out- 
put and an improvement of 20% in efficiencj^ 
would do much to put the cost of dried young 
grass on a basis comparable with that of other 
concentrated foods like oil-cakes. Much re- 
search remains to be done on the timing of grass 
which is as dependent on temperature and 
moisture conditions and on strains of plants 
used as it is on fertilisers. 

Much preliminary work has been done on the 
nutritive value of young grass (H. E. Woodman 
and D. B. Norman, J. Agric. Sci. 1932, 22, 852- 
872), With efficient drying young grass loses 
little of its nutritive value in the process. High 
temperatures can be used so long as the grass 
contains sufficient moisture, but the grass is 
damaged if subjected to high temperatures after 
it is dry. Usually temperatures of 300-400°C. 
are used throughout and the grass takes from 
10 to 15 minutes to pass through the drier. 

Although dried young grass has a high crude 
protein content, it can scarcely be produced yet 
at a price to compete mth other high-protein 
feeding stuffs, and the main commercial value 
depends on its carotene content. Most of the 
dried grass sold in 1937 was purchased by feed- 
ing-stuffs manufacturers and mixed in the form 
of meal in poultry rations, thus replacing, to 
some extent, lucerne meal. The carotenoids in 
dried grass are effective in maintaining colour 
in the j'-olk of eggs and in milk during the winter 
period "when green foods are not available. The 
guaranteed minimum total carotenoid content 
has, in some cases, been 250 mg. per kg. of 
dry matter, but dried grass giving nearly 5 
times this amount is not unusual. 

Young grass after drying is usually stored in 
fairty air-tight bags as meal, or is tightly baled 
as it comes from thcfc ‘■frier. Exposure rapidly 
reduces its carotene coionnt. 

For information on alcahpects of grass drying, 
see E. J. Roberts, Aglec. Research Council 
Report, “ Grass Drying,” t'.937. 

New Steaens of Hebbage Plants. — ^Recent 
research into the nutritive value of herbage has 
given added importance to the plant breeder’s 
work. The successful attempts of R. G. Staple- 
don and his colleagues at the Welsh Plant Breed- 
ing Station, Aherj^stwyth, to breed grasses and 
, clovers of greater persistency in the sward, with 
. high proi)ortion of leaf to stallr, particularly early 
A- or particularly late have provided a .new and wide 


choice of plants for sowing land down to grass 
to suit modem needs for carefully “ timed ” 
production. 

Grasses. 

Strictly speaking, grasses are meadow and 
pasture plants belonging to the Graminese. The 
term grass, however,- is used by the agriculturist 
to denote the association of plants — ^grasses, 
legumes and weeds — found in cultivated swards. 
The associations vary from soil to soil according 
to soil reaction (acidity) and general fertility. 

Cultivation of grass land usually aims at a 
sward consisting of perennial ryegrass {Lolhm 
perenne) and wild white clover {Trifolium repem), 
the two dominant plants in the best British 
grazings. Modem seed mixtures for sowing 
land to grass contain relatively few (4 or 6) 
species. Strains bred to persist and to produce 
a high proportion of leaf to stalk are available. 

Young leafy grass is very digestible, rich in 
protein, minerals and carotenoids, and is in 
general the most reliable and cheapest food for 
live-stock. Jlature grass has a low protein 
and high fibre content. The clovers and certain 
weeds {e.g. plantain, daisy, buttercup) are 
richer in minerals than the grasses, 

A. J. H. 

“ GRAVOCAINE ” {v. Yol. I, 369c). 

GREASES. — The term “grease,” originally 
applied to aU kinds of fat having a soft, buttery 
consistency, is now restricted to low-grade in- 
edible fats (mostly of animal origin) recovered 
from waste products, such as slaughterhouse and 
packing-house waste, condemned carcases, hotel, 
restaurant and ships’ food-wastes, bones, gar- 
bage, skins, etc. Lubricating greases, which 
mostly contain mineral oil products, are not con- 
sidered in the present article.- 

In the United States the term “ grease ” was 
formerly used to denote inedible hog-fats, as 
contrasted with “ inedible tallow ” derived from 
cattle and sheep ; but this differentiation is no 
longer strictly maintained, especially outside 
the packing-house, and in general American trade 
the distinction between “ grease ” and “ tallow ” 
is merely one of consistency, the titer (f.p. of 
the fatty acids : 37-39-5°C. for greases and 
40-45°C. for tallows) serving as a rough giude. 
.Lard and tallow greases, however, can be 
recovered separately in the large packing estab- 
lishments, and a distinction is made in the trade 
between packers' grease or packing-house grease 
and other types ; the first-named is some- 
times accompanied by the statement that it 
consists wholly of hog fat and is graded in three 
qualities (of which the first two are further sub- 
dmded), viz. “ white grease,” “yellow grease 
and “ bro-wn grease.” White grease resembles 
lard in appearance and is jjrepared from cleaned, 
fresh material which for some reason cannot be 
put to edible purposes : yellow grease comes from 
condemned or decomposed material, or un- 
washed carcases, viscera, etc., whilst brown 
grease represents the lowest grade and is ob- 
tained from all kinds of offal, sweepings, catch- 
basin accumulations, etc. 

Outside the packing-house, greases are re- 
covered from hotel and restaurant wastes 
Iftitchen grease or house grease or melted stvff]^ 
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condemned carcases, bones, slaugbter-bouse and 
butcher’s wastes, etc., garbage {sec GAKiiAGn 
Fats), etc. ; all these greases must be looked 
upon as low-grade varieties or mixtures of lard, 
tallow, bone fat, horse fat, etc. 

They are characterised by a dark colour, a high 
percentage of free fatty acids and a high content 
of unsaponifiablo matter : they also have an 
objectionable odour. 

The bulk of the greases are obtained either by 
boiling out the fatty tissues with open stean\ 
under pressure in closed digesters (the wet- 
rendering system; c/. Bone Fat) or by dry- 
rendering processes in which the comminuted 
raw material is heated indirectly in jacketed 
vessels, without the addition of extraneous 
water, and the liberated grease is recovered b^f 
straining and pressmg the solid residue (crack- 
lings). Any residual grease in the cracklings 
or in the solid residue (tankage) from the wet- 
rendering process may be recovered by extrac- 
tion with solvents as extraction grease. 

The best qualities of grease, notably the 
packing-house greases, are used ns substitutes 
for lard and tallow in the soap and candle in- 
dustries. According to L. B. Zapolcon (“ In- 
edible Animal Fats in the United States,” 
Leland-Stanford Univ., Fats and Oils Studies, 
No. 3, 1929) the bulk of the grease in the U.S.A. 
is pressed to furnish grease-(ine(lible lard-) 
stearin and grease-(lard-) oil. The latter is used 
as a lubricant, and in the preparation of cutting 
and cooling oils for the metal-working trades 
and soap emulsions for woollen mills, leather 
finishing, etc. The grease-stearin, like much of 
the unpressed grease, is employed for the manu- 
facture ■ of soaps, lubricating greases (cup 
greases), and for the manufacture of red oil 
(commercial oleic acid, for the preparation of 
textile soaps, etc.), stcarine (for the candle, 
cosmetic and rubber industries) and gtycerin. 

A further series of greases arises as by-products 
of the leather industry : skin greases are ob- 
tained in the cleaning (scraping) of the sldns 
prior to tanning, whilst various greases may be 
recovered by extraction from tanned and tawed 
skins, leather- clippings, wash-leather trimmings, 
etc. 

Stuffing greases comprise various mixtures of 
degras (q.v.), horse fat, skin grease, tallow, fish- 
stearin, egg oil, etc., which are worked into the 
tanned leather in the stuffing or currying pro- 
cesses. The excess of unabsorbed grease which 
is scraped off the leather after this treatment 
is known as earners’ grease : if the original 
stuffing grease consisted of fairly good tallow 
and whale-stearin, the hard curriers' -grease 
derived from it may be employable in the 
manufacture of low-class soaps, but if the original 
stuffing grease contained much unsaponifiable 
matter, or considerable quantities of fish oils or 
whale oil, then the proportion of oxidised acids 
and unsaponifiable matter will be high and 
render the product useless for soap-making, and 
such grease wiU be sold as animal grease, or 
^if the consistency is very' soft — as animal oil. 
Whale grease and fish-stearin, which represent 
low-grade stearins or solid glycerides separated 
from whale oil or fish oils, are chiefly worked 
up into stuffing'greases'and degras substitutes. 


Fuller's grease or seek oil is the fatty matter 
recovered from the soap-suds which have served 
for scouring silk, woollen or cotton goods by 
acidifying the waste suds with mineral acid, 
and consists of a mixture of fatty acids derived 
from the soaj) employed, together with any 
grease present in the goods. 

irooZ grease (wool fat, recovered grease, 
Yorkshire grease, brown groa.se ; known in the 
United States as “degras,” “English degras” or 
“German degras ”) is the crude mixture of wool 
wax and fattj' acids recovered from the soapy 
liquor used for the scouring of raw wool, by 
cracking the liquors with mineral acid (cf. 
black grease, below ) ; some wool grease is now 
recovered by meclianical means, and therefore 
contains less soapy material or fatty acids. 
Since the pure wool wax is a wax and not a fat, 
wool grease differs from the other greases con- 
sidered in containing no combined glycerin. 

Crude wool grease is used as a lubricant (with 
or without the addition of mineral oils), as a 
stuffing grease and d6gras substitute ; some is 
refined for use ns “ lanolin ” (pure wool wax) in 
tho preparation of cosmetics, ointments, tem- 
por.ar 3 '' rust preventives, etc., but the bidk of 
the crude grease is distilled and worked up in the 
manner described under black grease (below) for 
the preparation of distilled grease oleine (chiefly 
used as a wool oil) and distilled grease stearinc 
(employed as a “ sizing tallow ” or stuffing 
grease), and ns an inferior material in the soap 
and candle industries. These products give the 
{■^ocholesterol reaction, and are characterised by 
the presence of considerable quantities of un- 
saponifiable hj'drocarbon material, produced by 
decomposition of tho neutral Avax esters during 
tho distillation. 

“ Black grease " is the dark, almost black, 
fattj”^ matter which is recovered from cotton- 
seed mucilage (soap-stock) on decomposing this 
Avith jnineral acid (see Cottonseed Oil). This 
black grease is Aised in the manufacture of Ioav- 
class candle materials after a purification by dis- 
tillation AA'ith superheated steam and further 
treatment of the distillate in a manner similar 
to that practised for the Avorldng up of fatty 
acids in the candle industry. 

E. L. 

GREENALITE. A hydrated iron silicate 
occurring in the form of green granules in sedi- 
mentary rocks, and closely resembling glauconite 
(q.v.), from Avhich it differs m containing no 
potassium. The composition varies someAvhat ; 
one analysis gives the formula 

Fe2'“(Fe'',IVlg)3(Si04)3,3H20 
and another 

3Fe0-4Si02,2H20 

It occurs abundantly on the Mesabi Range m 
the Lake Superior district of Minnesota, and 
by its alteration has given rise to ferruginous 
cherts and immense deposits of iron ore (C. K. 
Leith, Monograph U.S. Geol. Survey, 1903, 43 ; 
F. JoUiffe, Amer. Min. 1935, 20, 405; J. W. 
Gruner, ibid. 1936, 21, 449). A greenalite-chert 
is found at Glenluce, Wigtonshire (W. Q. 
Kennedj'-, Min. Mag. 1936, 24, 433). 

L. J. S. 
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GREEN-EARTH; (Ger. Griinerde.) A term 
loosely applied to a variety of earthy minerals 
of a bluish-green, or dark ohve-greon colour 
oceurring as alteration products in basic igneous 
rocks. It includes more particularly the species 
celadoniie (or seladoniie), and various indefinite 
members of the chlorite group, c.gr. delessite, 
chlorophseite, kirvvanite, viridite, etc. Many of 
these are of indefinite composition and probably 
mixtures. They are often met with as a green 
dining in the amygdaloidal cavities of altered 
basaltic rocks, and form the “ skin ” of agates 
and other secondary minerals filling these 
cavities. Crystals of augite in the same rocks 
are sometimes completely altered to a soft 
aggregate of green-earth still presenfing the 
sharp outlines of the original crystals. Similar 
pseudomorphs after hornblende also occur. 
Larger irregular masses fill cavities and fissures 
in these rocks. The weU-kno-wn green-earth of 
Monte Baldo near Verona is referable to cela- 
donite (K. Hummel, Chem. Erde, 1931, 6, 468). 
An analysis of material from this locality gave : 
SiOg 54-84, TiOg 0-10, AlgOg 1-22, FegOg 
19-16, FeO 4-39, MnO 0-28, MgO 6-34, CaO 
0-24, NagO 0-82, KgO 9-76, HgO 3-77, total 
99-91 (Giimbel, 1896). This composition is ver3’^ 
similar to that of glauconite, with which 
celadonite is perhaps identical, differing only in 
its state of aggregation and mode of origin and 
occurrence. This celadonite green-earth is 
worked commercially as a pigment in the 
Italian Tyrol; and similar material could be 
obtained from many other localities. 

L. J. S. 

GREEN EBONY. This yellow dyewood, a 
native of Jamaica or West Indies, is obtained 
from the Excoecaria glandulosa Siv. or Jacaranda 
ovalifolia R. Br. The trunk of the tree is about 
6 in. in diameter ; the wood is very hard and of 
an orange-brown colour when freshly cut, and 
stains the hands yellow. Bancroft, “ Philosophy 
of Permanent Colours,” 1813, ii, 106, and 
O’HeiU, “ Dictionary of Calico Printing and 
Dyeing,” 1862, mention the use of this dyewood 
in dyeing greens and other compound shades, 
sometimes in place of old fustic, but it does not 
appear at any time to have been largely em- 
ployed. It was also used to some extent as a dye 
for leather and for greem’ng blacks in silk dyeing. 

Perkin and Briggs (J.C.S. 1902, 81, 210) 
examined green ebony and isolated two crystal- 
line colouring matters, excoecarin and jacarandin; 
these were distinguished by the fact that only 
the latter is precipitated by lead acetate. 
About 17 g. excoecarin and 3 g. jacarandin were 
obtained from 8 kg. of the wood. 

Excoecarin, CjgHjgOg, lemon-yellow needles, 
melts with effervescence at 219-221°, and is 
soluble in aqueous and alcoholic alkaline solu- 
tions, forming violet-red liquids which are rapidly 
oxidised on exposure to air and assume a brown 
tint. 

The irihenzoyl derivative forms colourless 
needles, m.p. 168-171°, and the dimethyl ether 
yellow neecUes, m.p. 117-119°. On fusion with 
alkali, excoecarin gives hydroquinone carboxylic 
acid (2:5-dihydroxybenzoic acid) and a sub- 
stance melting at 124° w'hich is probably hydro- 
toluquinone (2;6-dihydroxytoluene), 


By the action of bromine, excoecarin is 
oxidised to excoecarone,■C■y^H■^^fP^, flat copper- 
coloured needles or leaflets, m.p. about 250°, and 
this is reconverted into excoecarin by the action 
of sulphurous acid. With an alcoholic solution 
of quinone, excoecarin gives the compound 
C0H4O2 -Ci 3 Hj 2P5, minute green leaflets, m.p. 
190f (decomp.), 'from which sulphurous acid 
also regenerates excoecarin. Since the latter 
contains a quinol or toluquinol nucleus, ex- 
coecarone is thus probably a p-quinone (Perkin, 
ibid. 1913, 103, 657). 

Excoecarin does not dye mordanted fabrics, 
but is a substantive dyestuff in .that if has a 
weak but decided affinity for the animal fibres 
•with which it gives, preferably in the presence 
of tartaric or oxabc acid, yellow shades. 

Jacarandin, Cj4Hj205, yellow plates or 
leaflets, m.p. 243-245°, dissolves sparingly in 
alcohol and the usual solvents to form pale 
yellow liquids having a green fluorescence. 
With alkali hydroxides it gives orange-red 
solutions, ■with alcoholic lead acetate a bright 
orange precipitate, and with alcoholic ferric 
chloride a dark greenish-black solution. It dyes 
mordanted wooUen fabrics the foUorring shades : 

Chromium. Aluminium. Tin. Iron. 

Dull j’^ellow- Orange- Bright golden Deep 
brovm. broum. yellow. olive. 

Diacetyljacarandin, pale yellow needles, m.p. 
192-194°, when digested -with boiling alcoholic 
potassium acetate, yields the salt 

(Ci4Hi20g-Ci4HiiOg)K, 

yellow needles. Dihenzoyljacarandin, jmllow 
prismatic needles, melts at 167-169°. 

As indicated by Bancroft [op. cit.), the colours 
given by green ebony are similar in character 
to those yielded by old fustic. Employing 
mordanted woollen cloth, the folio-wing shades 
are produced : 

Chromium. Alununium. Tin. Copper Iron. 

DuU Dull Golden r Pale Olive- 

.yebow- bro-wn- j’-eUoAv. brmvn. green, 

brown. yellow. 

A. G. P. and E. J. C. 

GREENOCKITE. Cadmium sulphide, 
CdS, crystallised in the hexagonal system -with 
hemimorphic development and isomorphous 
with wurtzite (ZnS). This and the stiU rarer 
cadmium oxide, and otavite (basic carbonate), 
are the only minerals that contain cadmium 
as an essential constituent. Distinct, though 
small, crystals have been found in Scotland, in 
the neighbourhood of Glasgow. They occur 
very sparingty -with prehnite in amj^gdaloidal 
basalt in the Bishopton railway-timnel, in the 
Boyleston quarry at Barrhead in Renfrewshire, 
and in the Bowh'ng quarry in Dumbartonshire. 
They are honej’-- to orange-yeUow, transparent 
to translucent, and have a resinous to adaman- 
tine lustre; the streak is orange- to reddish- 
yellow. Sp.gr. 4-8-4-9 ; hardness 3-3J. hlinute 
(0-05 mm.) red crystals have been found at 
Llallagua, Bobvia (S. G. Gordon, Not. Nat. 
Acad. Nat. Sci. Philadelphia, 1939, No. 1). Traces 
of cadmium are often present in zinc-blende (up 
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to 1'5%, and in the ores of tlio Joplin district ] 
in lilissouri averaging 0-3r>S%), and wth flio 
Aveatliering of this mineral eadmium sidphido 
remains as a thin, powdery, canary -yellow 
coating (“ cadminm-oehro ”), or it may impart n 
tinge of colour to the secondary zinc minerals 
hcmimorphUc and smithsonitc (“ turkey -fat 
ore ’’). In this form the mineral is known from 
many localities, though never in largo amount. 
Being colloidal, it docs not agree with the defini- 
tion of greenocldte ns given above ; and, again, 
the possible existence of a cubic form of cad- 
mium sulphide is suggested by the isomorphotis 
presence of this constituent in zinc-blende, 
although this modification has not boon prepared 
artificially. The name xauihochroUc (A. F. 
Rogers, 1917) has therefore been suggested for 
this colloidal form of cadmium sulphide. Hemi- 
morphic hexagonal crystals of cadmium sulphide 
have been prepared artificially’, and they are 
not \mcommon as furnace products. The 
artificial crystals have sp.gr. 4’S20'and the high 
refractive indices 2-529, 2-50G. 

L. J. S. 

GREEN STONE (c. Yol. IV, 8u, 535). 

GREGE(v.Yol. V,94o). 

GRIESHEIM CELL (a. Vol.III, 50d). 

GRIGNARD REAGENTS. Unsymmetri- 
cal magnesium compounds of type R MgX where 
R=an organic residue and X=hnlogcn. The 
use of Grignard reagents in organic chemistry’ 
may bo traced to the use by Barbior (Compt. 
rend. 1S9S, 128, 110) of magnesium in jjlnco'of 
zinc when condensing methyl iodide •with 
methydlicptenone. After unsuccessful attempts 
to exploit this innovation Grignard (Ann. Chim. 
Phys. 1901, [vii], 24, 437), believing that the 
more electropositive magnesium should bo more 
reactive than zinc, showed that alkyl iodides 
react at room temporaturo with magnesium, 
and since then such reagents have been widely’ 
used for sy’nthetic purposes. They do not 
normally’ exist in the free form RMgX but are 
combined with one (Blaise, Compt. rend. 1901, 
132, S39; Grignard, ibid. 1901, 132, 558) or two 
(Tschelinzeff, Ber. 1904, 37, 2084, 4534; 1905, 
38, 3(564 ; 1906, 39, 773) molecules of other ; the 
latter may’ bo replaced by’ tertiary amines, 
sulphones or organic compounds of selenium, 
tellurium or phosj)honis. These secondary 
reactants are only’ cataly’sts and, using minor 
quantities of these, Grignard reagents may' bo 
obtained in the solid state from benzene solution. 
When isolated they’ are inflammable in air but 
fortunately’ may’, with few exceptions, bo used 
in ether or other solution without isolation. 

For sy’uthotic purposes the reactions of Grig- 
nard reagents may’ bo summarised as follows : 

{a) Reaction with active hy’drogen atoms 

R H-f R'MgX -> RMgX-l- R'H 

When R' is n lower aliphatic group 1 mol. of 
gaseous paraffin is liberated for each carboxy’l, 
hy’droxy’l or NH -group present; this reaction 
provides the basis of the TschugaofT-Zerowitinoff 
determination of such groups (Progl-Roth, “ Dio 
quantitative organiseho Mikronnaly'se,” 1935) 
and further reactions of the N -magnesium com- 
pounds afford valuable routes to C-homologucs 
in the py’rrolc, mdolo and other series. 


(5) Reaction with reactive halogen atoms 
R-COCI-f R'MgX ->• MgXCI-pR-CO-R' 

When excess of the reagent is used the residting 
ketone may’ react further to give a tertiary’ 
alcohol. 

(c) Most of the symthetic ajjplications depend 
on tho addition of Grignard reagents to un- 
satnrated groupings : 

RR"CO-l-R'MgX -5- RR"CR'-OMgX 

HaO 

V RR"CR'-OH 

RC: N-1- R'MgX -> RCR':NMgX 

H„0 

— ■-> R-COR' 

Clearly' when two such groups are present in tho 
same moleeulo reaction becomes more complex 
although the entering Grignard reagent usually' 
shows a preference for one of the centres of 
possible reaction. 

Jterku’s. — Schmidt, Ahrens Sammlung, 1906, 
10, 67, 146; 1908, 13, 357, 446; Ilepworth, 
J.S.C.I. 1922, 41, 7 ; Courtot. •“ Traitc do Chim. 
Org.”, 1937, V, 86; tho last is unusually com- 
plete and contains an e.xhaustivo bibliogrnphv. 

GRISEOFULVIN (r. Vol. V, 58c). 

GRl-SH l-BU- ICH I. Japanese iinmo for 
an alloy of copper and silver of a rich grey’ colour. 

GRiSON TETRYLITE COUCHE (i-. 
Vol. IV, 4875). 

GRISOU NAPHTHALITE-ROCHE (r. 
Vol. IV, 474 d). 

GRISOUTINE COUCHE {v. Vol. TV, 
5535). 

GRISOUTINE ROCHE (t>. Vol. IV, 5535). 

GROG {v. Vol. V, 56Gfr). 

GROTTHUS-DRAPER LAW. Photo- 
chemical reaction can oidy’ bo brought about by’ 
radiation which is absorbed by some component 
or components of tho system in which tho re- 
action occurs. Stated in these broad terms this 
may’ bo taken ns tho fundamental postulnlo of 
photochemistry’. Its first expression wo owe to 
Gi'otthus (Ostwald’s . Ivlassikoi-, 1817, No. 152, 
p. 101) who deduced that only light which is 
absorbed by’ a substance can cause it to become 
chemically’ active. Grotthus’ paper was, how- 
ever, rather rapidly forgotten and his proposition 
was independently’ restated by Draper (Phil. 
Mag. 1841, [iii], 19, 195), who was also able to 
pi'ovide, in a series of later papers, nn o,x])eri- 
montnl verification of tho law ns a result of his 
studios of tho photochemical union of hy’drogen 
and chlorine. Tho la'U' is accordingly’ associated 
with tho names of both v’ci-kors. 

While tho law is without oxcojition. it is entirely' 
qualitative, tho ivaturo of tho reactivity’, tlio 
spectral region which is oficctivo (for tho law’s 
converse that all light which is absorbed pro- 
duces chemical change is far from true), and tho 
relation between tho amount of chemical re- 
action and tho energy absorbed, are all undefined 
and must bo determined by’ experiment. Neither 
is it necessary’ that tho absorbing substance bo a 
reactant, ns exemplified by tho imi»ortan(. 
phenomenon of photo-sensitisation, in Avhich tho 
light is absorbed by a molecule (e.gr. mercury’) 
which, after trnnsforrhig tho energy it has 
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absorbed to a reactant molecule, takes no part 
in the subsequent chemical change. 

Quantitative expression of the relation be- 
tween the energy absorbed and the amount of 
chemical reaction, and, indeed, any coherent 
study of photochemistry, had to await the 
development of the quantum theory and of the 
theorj'- of chain reactions, 

E. W, G. S. 

GROUND NUT. A term often used to 
describe the tuberous roots of the earth nut 
{Dunium spp.) or the peanut {AracMs hypogoea). 
According to Wynton the term is more properly 
restricted to the dark brown root swellings of 
Apios tuberosa. These “ tubers,” which are of 
similar size and shape to a hen’s egg, grow wild 
in many parts of America and are cultivated in 
central European countries as a substitute for 
potatoes. 

T3qDical analyses of the American ground n\it 
and of a Japanese variety {A. fortunei) are : 


Water 

I. 

70-7 

11. 

68-6 

Crude protein 

4-06 

4-19 

True protein . 

1-88 

1-56 

Fat 

1-00 

0-19 

N-free extract 

18-65 

24-54 

Starch 

7-02 

18-30 

Pentosans .... 

2-60 

1-46 

Fibre 

3-65 

1-20 

Ash 

2-05 

1-30 


T, A. tnberosa (Brighetti, Staz. spor. agr. ital. 1900 
33, 72). 

II. A. fortunei (Hemmi, J. Coll. Agric. Hokkaitlo, 
1918, 8, 33). 

According to Hemmi the carbohydrates of A. 
fortunei include reducing sugars 1T5, non- 
reducing sugars 2-85, dextrin 1-0 and galactan 
1'02%, The hemi-cellulose of A. tuberosa 
yields Z-arabinose and J-galactose on hydrolysis. 

A. G. Po. 

G ROWAN {v. Vol. m, 32c). 

GROWTH - PROMOTING SUB - 
STANCES are substances which have the 
power of regulating the form and rate of growth 
in the plant world {see Auxin). They are some- 
times referred to as “ plant hormones,” but the 
term is in many respects inappropriate. There 
is no evidence that growth-promoting substances 
are secretions of special organs as is the case 
with animal hormones. The association of high 
concentrations , of auxin with rapid vegetative 
growth in the aerial parts of plants has already 
been referred to (Auxin). The opposite direc- 
tion of growdih with heteroauxin (indole-3-acetic 
acid) in stimulating root formation has now 
found its obvious horticultural application and 
commercial preparations of this and related 
substances are now marketed for inducing the 
rapid rooting of plant cuttings. Tincker ( J. Ro3^ 
Hort. Soc. 1936, 61, 510; 1938, 63, 210; 1939, 
64, 554) records the results of rooting trials with 
a large number of plant species, using a variety 
of pure and commercial samples of growth- 
promoting substances. 

Prom time to time additions are made to the 
number of substances exhibiting growth- 
regulating ability and in some cases, e.g. that 


of naphthylacetic acid, activity exceeding that 
of the naturally-occurring heteroauxin is 
recorded (Pfahler, Jahrb. wiss. Rot. 1938, 86, 
675), According to Koepfli, Thimann and 
Went (J. Biol. Chem. 1938, 122, 763), growth- 
promotmg activity is dependent on a particular 
molecular structure which includes the following 
characteristics : (i) a nuclear ring system con- 
taining a double bond; (ii) a side-chain con- 
taining a carboxyl group (or a group from which 
this is easily derived) separated from the nucleus 
by at least one C atom ; (iii) a particular space 
relationship between the side-chain and the 
nucleus. Other investigations by Thimann 
et ah suggest that the effect of growth-promoting 
substances within the plant is initiated by its 
action in increasing protoplasmic streaming, 
tliis being influenced by respiratory activity 
(oxygen supply) and by the concentration of 
growth-promoting substance present. It would 
appear that heteroauxin acts upon the cell sub- 
stance rather than on the cell wall. Went 
(Plant Physiol, 1938, 13, 55) advances the 
theory that in the higher plants growth-sub- 
stances do not alone produce their characteristic 
effects on growth, but operate by controlling the 
distribution within the plant of other substances, 
described as “ calines.” Caulocaline, rhizo- 
caline and phyllocaline are natural plant con- 
stituents essential for the elongation of stems 
and lateral buds, for root formation and for 
leaf growth respectively. 

The action of heteroauxin on plant growth 
is enhanced by the presence of accessory sub- 
stances, e.g. certain amino-acids, notably pro- 
line, and hj vitamin (aneurin), a minimal 
amount of which is probably essential for the 
action of the growth-promoting substances. 

The sealing of plant wounds is brought about 
by the rapid production of new tissue by division 
of adjacent cells. Engbsh and Bonner (J. Biol. 
Chem. 1937, 121, 791) ascribe this sudden stimu- 
lation of cell activity to the action of a growth- 
promoting substance (wound “ hormone ”) 
which they name trawnatin, the isolated methyl 
ester of which has the formula CnHj^O^N. 
A later paper by Engbsh, Bonner and Haagen- 
Smit (Proc. Nat. Acad. Sci. 1939, 25, 323) 
reports the isolation of a second wound “ hor- 
mone,” a dibasic acid of formula CJ2H20O4. 

Bios, the growth-promoting substance as- 
sociated with yeast growth for a number of 
years, is now regarded as containing at least five 
constituent factors : 

{a) mew-Inositol, a necessary growth factor 
for nearly all types of yeasts. 

(6) Pantothenic acid, a complex of j9-alanine 
with an unidentified hydroxy-acid, to the cal- 
cimn salt of which WiUiams et al. (J. Amer. 
Chem. Soc. 1939, 61, 454) assign the formula 
(CgHj^OsNlaCa. Pantothenic acid is also of 
considerable importance in the animal world, in 
which it is actively concerned in carbohydrate 
metabobsm, and occurs in considerable amounts 
in the bver and muscles. Jukes {ibid. 1939, 61, 
975) records the close similarity between panto- 
thenic acid and the chick anti-dermatitis factor. 

(c) Aneurin \v. Vitarm'n accelerates the 
fermentation activity of a number of yeasts, 
the pyrimidine rather than the thiazole com- 
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X)onent of the Titamin being associated with its 
activity. 

(d) Vitamin Bg has also been shovn (Schulz 
ct aL, ibid. 1939, 61, 1931) to stimulate fermenta- 
tion activity and the reproduction in yeast. 

(e) Biotin, isolated by Kbgl, is a widely distri- 
buted and essential groudh factor for j’easts 
(Chem. and Ind. 1938, 57, 49). 

Aneurin is also of importance in the growth 
of a number of moulds. In this case also the 
physiological activitj’’ appears to be associated 
with the pjTimidine constituent, although the 
thiazole component must also bo present. In 
some cases organisms grow satisfactorily if 
either the vitamin or the thiazole component 
is added to the nutrient medium but not if the 
pyrimidine constituent alone is given. In sucli 
cases it is presumed that the organism can syn- 
thesise the pxu’imidine but not tlie thiazole 
portion of the vitamin molecule. Other organ- 
isms appear to bo able to sjmthesiso the whole 
vitamin and others must bo supplied externall^f 
with the vitamin or its constituent pyrimidine 
and thiazole derivatives. A possiljlo scheme of 
classification of the lower organisms on the basis 
of their requirements in respect of aneurin, or 
its pyrimidine or thiazole components, or of a 
mixture of these is indicated by Robbins (Proc. 
Nat. Acad. Sci. 1938, 24, 53). 

Nicotinic acid and nicotinamide may also serve 
as growth factors for certain bacteria (Knight 
and Mcllwain, Biochem. J. 1938, 32, 1241) and 
are possible constituents of the bios complex. 

A. G. Po. 

GUAIACETIN. Sodium salt of the o-hy- 
droxphenyl ether of glycollic acid. 

G U A I AGO L {Monomdhoxy catechol), 

OH-CgH^-OMe, 

is a distillation product of guaiacuin resin (Ilerzig 
and SchifF, Monatsh. 1898, 19, 95), and occurs in 
beecliwood tar, from which it can be separated 
by treating the fraction of the tar that comes 
over at 200-205° with ammonia to remove 
acids ; it is then again fractionated, and the 
lower boiling fraction is dissolved in ether and 
treated with potassium hydroxide. The potas- 
sium salt of guaiacol is filtered, washed with 
ether and recrystallised from alcohol, after 
which it is decomposed with sulphuric acid, and 
the guaiacol redistilled. (For other methods of 
separation, c/. G.P. 87971, 56003, 100418 ; Chem. 
Zentr. 1899, I, 764.) Guaiacol is prepared from 
o-anisidine. 500 g. o-anisidine are diazotised, 
and the solution of the diazo salt is then poured 
into a boiling solution of 600 g. of copper sul- 
phate in 600 c.c. of water. The guaiacol is then 
separated by distillation in steam (G.P. 167211 ; 
Frdl. 1905-7, 128; cf. also G.P. 95339; J.S.C.I. 
1898, 17, 269, 314). 

Pure guaiacol can be obtained by dissolving 
catechol (55 parts) in ethyl alcohol (2,000 parts) 
and adding nitrosomonometliyl urea. The mix- 
ture is cooled to 0° and 20 parts of sodium 
hydroxide dissolved in a small quantity of 
water are added, drop by drop, with constant 
stirring. The solution is filtered, the alqohol 
distilled off, and the residue is fractionated in 
vacuo (G.P. 189843; Frdl. 1905-7, 1151). 


Guaiacol is also prepared by heating an cqui- 
molecular mixture of catechol, potash and 
potassium methylsulphate under pressure at 
170-180°, or by heating catechol and methyl 
iodide in methyl alcohol. In another method 
a weak base, such as sodium hydrogen car- 
bonate, is gradually added to a jnixture of 
catechol with the alkali or alkaline earth salts of 
mothylsuli)hurio acid, iit the jiresence of veratrole 
as diluent at 160-180° (Zollinger and Rohling, 
G.P. .305281 ; J.C.S. 1918, 114, i, 497). Thomp- 
son (B.P. 5284, 1893) suggests the ijurificatfon 
of guaiacol bj'’ treatment ■with a freezing mixture. 

Guaiacol made by the ordinary commercial 
methods is impure ; it is hygroscopic and has a 
low m.p. Moser and Ver. f. Chem. Ind. A.-G. 
(U.S.P. 1651617 (1927); G.P. 484539 (1925)) 
have described an improved process. If an 
insulTiciej}! ajnojint of alkali is added to the tar 
oils the monomethyl ethers of dihydric phenols 
are first dissolved, and this selective action 
enables them to be separated from the non- 
mcthylated phenols. (For synthetic methods, 
sec Bergstrom and Cederquist, Iva, 1931, 1, 14 ; 
Jakubowski, Roezniki Farm. 1933, 11, 1 ; 
Snmarokov, Lesoklumicheskaya Prom. 1933, 
No. 3, 2, 34 ; Bentley and Catlow, U.S.P. 
1980901 ; Dominikiewicz, Arch. Chem. Pharm. 
1934, 1, 1 ; Gubclmann, Welland and Stall- 
mann, U.S.P. 1623949 (1927); Titherlox’’ and 
Hudson, U.S.P. 1878061 (1932); I.G. Farbenind, 
A.-G., Marx and Lehmann, G.P. 591534). 

Guaiacol has a characteristic odour and 
ciystallises in long vitreous transparent prisms, 
which appear rose-red in sunlight ; m.p, 28-5°, 
b.p. 2024°/738 mm. (Freyss, Giera.-Ztg. 1894, 
18, 565) ; sp. gr. 1T40 at 25°. When quite 
pure it is non-caustic and non-poisonous (Behai 
and Choay, Compt. rend. 1893, 116, 197 ; 
Kuprianow, J.S.C.I. 1895, 14, 57). Billing, 
“Materia Medica,” 1939, 394, states that it is less 
toxic than phenol. 

It is soluble in most organic solvents, and 
to <a less extent in water. The solubility of 
guaiacol in glycerol is given by J. A. Roborgh, 
Dissertation, Amsterdam (1927) : 9-05 g. of 
guaiacol is dissolved by 100 g. glycerol (98-2%, 
Dutch and German Pharmacopoeias) at 20°; 
the figure in French and British Pharmacopoeias 
(sp.gr. 1'2612, 86-6%) is 13'1 at 20°. With a 
trace of ferric chloride its alcoholic solution gives 
a blue colour, which becomes emerald-green on 
the addition of more ferric chloride. 

Guaiacol is employed in pharmacy as an 
expectorant and intestinal antiseptic; also in 
pulmonary tuberculosis, in cases of typhoid and 
other fevers, and for the relief of superficial 
neuralgia. For esters of guaiacol possessing 
therapeutic properties, see B.P. 316750 (1928) ; 
317194 (1928). 

Tests. — (1) 2 c.c. of guaiacol mixed with 
4 c.c. of 'light petroleum should sejjarate at 
once into 2 layers. (2) 1 c.c. of guaiacol should 
dissolve in 2 c.c. of N-sodium hydroxide when 
heated ; on cooling the mixture should congeal 
to a Avhite saline mass, which gives a clear 
solution with 20 c.c. of water. (3) 1 c.c. of 
guaiacol shaken with 10 c.c. of sulphuric acid 
should give a pure yellow colour (British 
Pharmacopceia, 1932). For other tests, see 
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Marfori, J.S.C.I. 1891, 10, 487 ; Fonzes Diaeon, 
Bull. Soc. chim. 1898, [iii], 19, 191 ; Guerin, 
J. Pharm. Chim. 1903, [vi], 17, 173. 

A solution of SbCIg in chloroform gives a 
light brovn coloration (or olive-brown), changing 
to deep green, blue-green and finally deep blue. 
Guaiacol carbonate gives a lemon or srdphur 
vellow (Ekkert, Pharm. ZentralhaUe, 1934, 75, 
49). 

Guaiacol (0-05 g.) is dissolved in 5-10 c.e. 
cone. HCi, a minute crystal of sodium nitrite 
added and the mixture very gradually heated 
nearly to boihng, then cooled or diluted 
and poured into excess of 10% ammonia. 
Guaiacol gives a green colour. (In the acid 
stage guaiacol and other phenols often give a 
red colour.) (Ware, Analyst, 1927, 52, 1927.) 

A micro test for guaiacol is the characteristic 
precipitate given by diazo-jp-nitraniline (Rosen- 
thaler, Slikrochemie, 1935, 19, 17). 

Wischo describes colour tests for guaiacol 
with FeClg, Jorrison’s reagent, aqueous am- 
monium vanadate, and VgOg in dilute HCI, 
H3PO4, and oxalic acid, respectively (Pharm. j 
]iIonatshefte, 1928, 9, 169). 

For the estimation of guaiacol by a colori- 
metric method, 0-5 g. of the sample is dis- 
solved in a little water, 10 c.c. of alcohol 
added, and the solution made up to 1,000 c.c.; 
20 c.c. of this solution are mixed in a test-tube 
with 1 c.c. of sodium nitrite solution (1:100) and 
1 c.c. dilute nitric acid (1:200). A characteristic 
red-brown colour is produced, which is compared 
within about 10 minutes with the colorations 
given by suitable standard solutions (Adrian, Z. 
anal. Chem, 1901, 40, 624). For the estimation 
of guaiacol in pharmaceutical preparations, see 
Vominikievricz, Chem. Zentr. 1931, II, 284; 
ChemoflF, J. Amer. Chem. Soc. 1929, 51, 3072; 
Christie and 3Ienzies, J.C.S. 1925, 127, 2369. 

Guaiacol (or its carbonate) may be estimated 
gravimetrically as the derivative precipitated 
bj' the action of iodine in Kl (c/. aristol from 
thymol ; Fran5ois and Seguin, Bull. Soc. chim. 
19*33, [iv], 53, 711). >See also Knight, .J. Assoc. 
Oif. Agric. Chem. 1931, 14, 367, and Meldrum 
and Patel, J. Indian Chem. Soc. 1925, 5, 91- 

For estimation of guaiacol in urine, see 
Schmid, Z. ph3'siol. Chem. 1932, 205, 213. 

Guaiacol, when treated with hydrogen cyam'de, 
in the presence of sodium or zinc chloride, yields 
vanillin (Roesler, 6.P. 189037 ; Frdl. 1905-7, 
1280; Guvot and Gry, Compt. rend. 1909, 
149, 928; ‘Bull. Soc. chim. 1910, [iv], 7, 902). 
Barium guaiacolate is insoluble in neutral sol- 
vents, 100 parts of water dissolve 4*4 parts at 
20’ ; it is parth* h^'drolysed b\' hot water. The 
calcium salt has similar properties (Sumarokov, 
Lesokhimicheskaya Prom. 1933, Iso. 3, 2, 34). 
Copper salt, see Nakatsuka and linuma, BulJL 
Chem. Soc. Japan, 1936, 11, 358. 

Guaiacolmonosulplionic acids can be obtained 
bj' treating guaiacol with sulphuric acid between 
0’ and 140’. Tlie mixture of 2-methox3'phenoI- 
.5-sulphonate (m.p. lOG-lOS’), and 2-methoxj'- 
phenol-4-sulphonate (m.p. 97-9S’) is separated 
by converting them into the basic salts of the 
alkaline earths, or of the hea^y metals, the salts 
of the former acid Ijeing readily soluble in water, 
whereas those of the latter are insoluble or 


sparingly soluble. By the action of h.vdrogcn 
sulphide, or some suitable acid, the salts are 
then converted into their respective acids (G P 
1188506; Frdl. 1905-7, 936; G.P. 132607; 
Frdl. 1900-02, 113 ; G.P. 212389 ; Hahle, J. pr. 
Chem. 1902," [ii], 65., 95 ; Lamiere and Perrin, 
BuR. Soc. chim. 1903, [iii], 29, 1228; Rising. 
Ber. 1906, 39, 3685; Pad, ibid. 2773, 4093; 
Andre, J. Pharm. Chim. 1898, [vi], 7, 324). 
With nitric acid the latter acid forms j-ellow 
dinitroguaiacol (m.p. 122°), whilst the former 
acid merely gives a dark red coloration. It is 
important that when the former acid is used 
therapeutically, it should be free from the latter 
compound which gives rise to secondary re- 
actions (EUis, J.S.C.I. 1906, 25, 335). 

The alkali guaiacolsulphonates are emploj-ed 
as drugs (Alpers, U.S.P. 692588 ; J.S.C.I. 1902, 
21, 364). Tagh'avini has prepared salts of the 
sulphonates with antipyretic and analgesic 
bases (BoU. Chim. farm. 1909, 48, 6). 

Carbonyl chloride condenses with the alkali 
guaiacolsulphonates in alkaline solutions, giving 
derivatives suchaspofassinmcarbonafodiffiiaiacol- 
disulphonafe C0[0CeH3(0Me)S03K];, and 
potassium carbonafodiguaiacolsulphonafe, 

C 6 H^( 0 Me) 0 -C 02 C 6 H 3 ( 0 Me)S 03 K 

(Einhom, G.P. 203754, 1909). 

A number of compounds of o-guaiaeolsul- 
phonic acid with alkaloids are described by 
Schaefer (J.S.C.I. 1910, 29, 928). 

Chtaiacpl benzoate (“ Benzosol,” benzojd guaia- 
col), CeHg-CO-OCcH^-OMe, is a’ colourless, 
odourless, tasteless powder, almost insoluble in 
water, readily soluble in organic solvents. It has 
m.p. 56°, and is used in the treatment of pul- 
monary tuberculosis (B.P. 5366, 1890; J.S.C.I. 
1891, 10, 383 ; Walzer, Chem.-Ztg. Rep. 1891, 
15, 165). 

Cuaiacyl cinnamate Styracol,” cinnatnyl 
guaiacol), CgH^-CO-OCgH^-OMe, from guaia- 
col and cinnamoyl chloride. It forms colourle.s.« 
needle-shaped crj^stals, m.p. 130°, which are 
employed in catarrhal affections of the digestive 
tracts, and in the treatment of phtlii.sis. 

Guaiacyl valerate, C^Hg-CO-OCeH^-OMe, a 
yellowish oil^'^ liquid, b.p. 245-265°, is used in 
medicine rmder the name of Geosol (Rieck, 
J.S.C.I. 1897, 16, 632). 

Guaiacyl salicylate {gvaiacol-salol), 

CaH^(OH)COOCi;H.,-OMe, 

is a white crj'staUine, odourless, tasteless 
powder; m.p. 65°. 

Guaiacyl succinate, C2H4(CO-OCgH4-OMe)2, 
fine silkj^ needles ; m.p. 136°. 

“ Guaiamar,” the glyceryl ether of guaiawl, 
CgH^lOMelOCgH-O,. is formed by the action 
of anhydrous gl^'cerol on guaiacol. It is a white 
crj'.riailine body, m.p. 75°, soluble in water and 
in most organic solvents. It was suggested a« 
an antiseptic for internal and external applica- 
tion (J.S.C.I. 1900, 19, .371 ; 1902, 21, 1346). 

Guaiasanol (auniacyl diethylamino'icdate hydro- 
chloride), MeO-CcHjO-CO-CHoNEtj.HCI, 
m.p. .184° (Einhoni. Chem.-Ztg. Rep. I9u0. 24. 
33; J.S.C.I. 1900, '4G4). By the action of the 
monochloracctic esters of phenols with secondary 



GUAIACOL. 141 


amines of the fatty series, many compounds, 
similar to the above, have been prepared (Ein- 
horn and Iliitz, Arch. Pliarm. 1902, 240, 031 ; 
G P. 10534C). They are non-poisonous, odour- 
less and' strongly antiseptic substances. 

Guaiacyl elfioxyacetate, 

MeO-CoH^-O-CO-CHa-OEt 

is a colourless, odourless oil, h.p. 160°/10 mm. 
The corresponding methoxy derivative boils at 
170-171°/10 ram., and has very similar proper- 
ties to the ethox}’’ derivative. Both substances 
are- non-poisonous, and can ho used thera- 
peutically as external remedies (G.P. 171790; 
Frdl. 1905-07, 933). 

Guaiaform {Qeoform) is produced by the con- 
densation of guaiacol (2 mol.) -with formalde- 
hyde (1 mol.). It is a tasteless, yellow, non- 
irritant and non-toxic powder (Ehicrt, Pharm. J. 
1902, 68, 61). Guaiacol condenses with form- 
aldehyde and (CH 3 ) 2 NH -to form 2-hydroxy-3- 1 
methoxy benzyl dimethylamine, m.p. 46-47°, 
b.p. 127-129°, soluble in alkali (Ddcombe, j 
Compt. rend. 1933, 197, 258). 

Guaiacyl carhonate (“ Duolal ”), 

CO(0-CoH4-OMe)„, 

is prepared bj^^ passing phosgene into a solution 
of guaiacol in sodium hydroxide. It is a white 
crystalline powder, m.p. 85-88°, soluble in most 
organic solvents, but insoluble in water. Its 
alcoholic solution yields no characteristic colour 
with ferric chloride. Therapeutically it is very 
similar to guaiacol (G.P. 99057, 58129, 117346, 
of 1898 ; G.P. 224160 ; Einhorn, Chem. Zentr. 
1910, II, 518 ; see also Mazover, Buss.P. 35192 
(1934) ; Eklcert, Pharm. Zentralh. 1932, 73, 504). 

Guaiacyl tliyinyl carbonate, b.p. 222-225°/16 
mm. is an emulsifying agent, also a solvent for 
dyes and lacquers (Hurwitz, Swiss P. 180056/ 
1936). 

Guaiacyl chlorocarhonaie is a colourless oil ; 
b.p. 112°/25 mm. It is prepared by the inter- 
action of antipyrine, .carbonyl chloride and 
guaiacol (G.P. 117624 of 1899; Einhorn, G.P. 
224108, 1908 ; Chem. Zentr. 1910, II, 517). 

Guaiacol carboxylic acid, 

C6H3(0H)(0Me)C02H, 

is formed by the action of carbon dioxide on 
the previously heated sodium derivative of 
guaiacol ; the free acid crystallises from water or 
dilute alcohol as a white, odourless crystalline 
powder, m.p. 148-150°. Its aqueous solution 
is coloured blue by ferric chloride. The acid 
and its salts have been recommended as anti- 
septics and anti-rheumatics (Pharm. J. 1890, 977). 
- Tetraguaiacoquinone, formed when guaiacol 
is oxidised with laccase. 


0(CeH3-0Me)20 

is a fine crystalline powder, m.p. 135-140°, having 
a purplish-red colour Avith a faint green metallic 
lustre. It is insoluble in water, but gives 
mahogany-red solutions with chloroform and 
with acetic acid. It also forms coloured solu- 


tions in alkalis (Bertrand, Compt. rend. 1903, 
137, 1269). 

Ilexamcihyhnclclraminclriguaiacol crystallises 
in bi-illiant needles, Avhich become soft at 80° 
and molt to a tui’bid liquid at about 95°. When 
distilled in steam it yields guaiacol (B.P. 24072, 
1908 ; J.S.C.I. 1909, 28, 490). 

Gudiacyl acetate, b.p. 123-124°/13 mm., readily 
undergoes intramolecular rearrangement, on 
which a new s 3 mthesis of vanilh’n has been based 
(Mottern, J. Amor. Chem. Soc. 1934, 56, 2108). 

Guaiacyl cJiloro-acetate, 

MeO-CoH^O-CO-CHoCl, 

is prepared by treating a mixture of guaiacol, 
monochloroacctic acid and pjwidino Avith phos- 
phorus oxycliloride. It forms AA’hite needles, 
m.p. 58-60° (Einhorn and Hiitz, lx.). 

Guaiacol picrate forms orange-red needles ; 
m.p. 88-89°. 

Benzyl guaiacol is a jmlloAV, beautifully 
fluorescent oil; b.p. 209-270°/430 mm. (Bosco- 
grande, Chem. Zentr. 1898, 1, 207). 

Many other guaiacol deriAmtives IiaA’c been 
prepared, some of AA’hich have been recom- 
mended for use in medicincr (B.P. 5856, 1894 ; 
Ruhenmnn, J.C.S. 1902, 81, 421 ; G.P. 120558 ; 
Frdl. 1900-02, 1112; G.P. 157355; Frdl. 1902- 
04, 616 ; Knapp and Suter, Chem. Zentr, 1904, 
I, 391 ; Moureu and Lazennec, Compt. rend. 

1906, 142, 894 ; BischolF, Bcr. 1900, 89, 3846 ; 
Gattermann, Annalen, 1007, 357, 313 ; Four- 
neau, J. Pharm, Chim. 1910, [vii], 1, 55, 97 ; 
Manchot, Ber. 1910, 43, 949 ; Wohl and Bert- 
hold, ibid. 2175 ; Hoffmann, G.P. 255924 ; 
Chem. Zentr. 1910, II, 1105). 

A number of azo-derivatives of guaiacol are 
described by Leonard! (Atti R. Accad. Lineei, 

1907, [v], 16, ii, 639) ; some nitro- and amino- 
derivatives by Roverdin and Cr^pieux, Ber. 
1903, 36, 2257; 1906, 39, 4232; Paul, ibid. 
2773 ; Kiihling, ibid. 1905, 38, 3007 ; Fichter 
and ScliAvab, ibid. 1906, 39, 3339 ; PoUecoff and 
Robinson, J.C.S. 1918, 113, 645. 

Thioguaiacol and thioguaiacyl xantliate have 
been prepared by Mauthner (Ber. 1900, 39, 1347). 

Guaiacol forms mono-, di-, tri- and tetra- 
halogen derivatives (Cousin, Compt. rend. 1898, 
127, 759 ; Tassily and Leroide, ibid. 1907, 144, 
757 ; Bull. Soc. chim. 1908, [iv], 3, 124; Mameli, 
Gazzetta, 1907, 37, ii, 366; Robertson, J.C.S. 

1908, 93, 791). The iodo-derivatives are said 
to be applicable in medicine (Mameli and Pinna, 
Chem. Zentr. 1907, II, 2044). 

Guaiacyl phosphite, m.p. 75'6°, is a' white 
crystalline powder, Avith a piquant non-caustic 
taste and slight odour, soluble in most organic 
solvents, but only sparingly in Avater (BoUard, 
G.P. 95678 ; J.S.C.I. 1897, 16, 632 ; B.P. 27527, 
1896). Therapeutically similar to guaiacol. 
Another guaiacyl phosphite, m.p. 59°, is de- 
scribed by Dupuis (Compt. rend. 1910, 150, 622). 

Guaiacyl phosphate, (CgH 4 ' 0 Me) 3 P 04 , is pre- 
pared by the interaction of phosphorus oxy- 
chloride and the sodium derivative of guaiacol. 
It forms -colourless erystals ; m.p. 98°, insoluble 
in Avater and alcohol, but soluble in ether, 
chloroform and acetone. It has been proposed 
as an intestinal antiseptic. 

A number of other phosphorus compounds of 



142 


GUAIACOL. 


guaiacol are described by Auger and Dupuis 
(Compt. rend. 1908, 146, 1151), and by Dupuis 
(Hid. 1910, 150, 622; c/. F.P. 781019 (1934); 
G.P. 629952; U.S.P. 2023551 (1935). Smith, 
Engel and Stnhlman discuss the toxieitj" of 
guaiacyl phosphate preparations (Nat. Inst. 
Health BuU. 1932, No. 160, 1). 

GUAIACUM RESIN. This resin is ob- 
tained by extraction with alcohol from the 
wood of Guaiacvm officinale or G. sanctum, mem- 
bers of the family Zygophyllaceae. It is used to 
a small extent in medicine, but not to the 
extent it was some years ago, when it enjoyed 
an exaggerated reputation as a specific for 
gout and rheumatism. It occurs in round or 
oroid tears, or in large blocks, breaking with a 
vitreous fracture. Thin fragments are yeUowish- 
green to reddish-brown. 

A number of resin acids in guaiacum have been 
described, including guaiaretic acid, 

^ 20 ^ 23^3 


a- and ^-guaiaconic acids, CgoH 2203(014)2, and 
guaiacic acid, C2iHjg04(0H)3. For details of 
these, see Dobner and Lucker (Arch. Pharm. 
1926, 234, 590). Further evidence is necessary 
to establish the individuality of these acids, 
the formulae of which are probably derived 
only from combustion data. 

Good quality guaiacum resin should contain 
about 90% of matter soluble in alcohol, and ash 
from 3-5 to 5%. The acid value of the resin 
varies from 45 to 55, and ester value from 120 
to 140. 


Fresh alcoholic extract of guaiacum resin is 
a noted biochemical reagent for peroxidases; 
for a critical account, see Hawk, Bergeim and 
Coles, “ Practical Physiological Chemistry,” 
11th ed., 1938, p. 393. Although it has been 
used for the pmpose, guaiacum is not a specific 
test for blood stains (see Haldane, “ Enzymes,” 
1930, p. 10). 


E. J. P. 


‘‘ GUAIAKINOL,’’ Guaiachinol, the quinine de- 
rivative of bromoguaiacol. 

“ GUAIAMAR,’’ monoglyceryl ether of guaiacol. 

G U A I A R ET I C AC I D (r. GuAiAcxrii besik). 

GUAIASANOL (v. Guaiacol). 

GUAIAZULENE (v. Guaiol), 

GUAiCAMPHOL. Camphoric ester of 
guaiacol. - 

GUAIENE (v. Guaiol). 

GUAIOL. The crystalline sesquiterpene 
alcohol, guaiol, C^gHgcO, m.p. 93°, b.p. 147- 
14879 mm., dlf 0-9074, 1-4716, [a]p-29-8° 

(in alcohol), is a constituent of Guaiacum wood 
oil (from the wood of the tree, Bulnesia sarmienti 
Lorenz) (Schimmel's Report, 1892, II, 42) and 
occurs also in the ofls from Gallitris glauca 
(Baker and Smith, “ Pines of Australia,” 1910, 
pp. 63, 118), G. inlralropica (Trikojus and White, 
•T. Proc. Roy. Soc. Nevr South Wales, 1935, 68, 
177) and from Gonyslylus miqudianus (Eyken, 
Rtc. trav. chim. 1906, 25, 44). Guaiol is a 
dicyclic tertiary alcohol, its structure having 
been determined by Plattner et al. (Helv. Chim . 
Arta, 1940, 23, 897; 1941, 24, 191, 1164). It 
yields on catal\-4ic h3'drogenation the alcohol, di~ 
hylroguaiol, m.p. 79-80°, Ruzicka and Haagen- 


Smit, ibid. 1931, 14, 1131) or the hydrocarbon, 
Ulrahydroguaiene, -b.p. 118-119°/17 mm., 
0-8806, Jtj, 1-47840, [a]p -{-10-31° (Semmler and 
Risse, Ber. 1913, 46, 230.5). On dehydration it 
yields a hydrocarbon or mixture of hydrocarbons 
known as giiaiene, b.p. 128-130712 mm., d” 
0-911-5, 1-5022, op -16-8° (Ruzicka, Pontalti 

and Balas, Helv. Chim. Acta, 1923, 6, 862), from 
which by dehydrogenation with sulphur the 
azulene, guaiazuhne, b.p. 164°/11 mm., d^® 

0- 9759, results (Ruzicka and Rudolph, ibid. 1926, 
9, 140 ; St. Pfau and Plattner, ibid. 1936, 19, 
866). The products formed by the oxidation of 
guaiol with potassium permanganate and with 
ozone have been studied by Semmler and Mayer 
(Ber. 1912, 45, 1391), Piuzicka and Haagen-Smit 
(l.c. p. 1122), and by Trikojus and White (l.c.). 
The main oxidation product with either reagent 
is a diliydroxy-oxide, CjgHggOg, m.p. 218°. 

<1. L. S. 

GUAIYL ACETATE. Guaiol (q.v.) has 
a slight odour suggestive of tea-roses, and is 
identical with the alcohol isolated from 
Champaca wood and formerly known as 
champacol (I^Ierk, Arch. Pharm. 1893, 231, 123 ; 
WaUach and Tuttle, Annalen, 1894, 279, 391). 
The acetate has a definite tea-rose odour, and 
the following characteristics, d^®'" 0-988, 

1- 4890, [aln —2-8° ; ester value 210-220. 

E. -J. P. 

GUANASE (v. Vol. IV, 315a). 

“ GUANICAINE ” (v. Vol. I, 120d). 

GUANIDINE, HN:C(NH2)2, occurs in 
small quantities in etiolated vetch seedlings, 
3 kg. of dried material yielding 1 g. of the 
nitrate (Schulze, Ber. 1892, 25, 658) ; in beet 
juice (Lippmann, ibid. 1896, 29, 2651) ; in 
an edible mushroom. Boletus edulis (Winterstein 
et ah, Landw. Vers.-Stat. 1913, 79-80, 541) ; and 
in the developing embryo chick (Burns, Bioehem. 
-J. 1916, 10, 263). Guanidine and methylguani- 
dine are found in urine, blood serum and other 
biological fluids, the quantities being increased 
in certain pathological conditions (see Bums 
and Sharpe, Quart. J. Exp. Physiol. 1916, 10, 
34.5 ; iVIinot and Dodd, Amer. J. Dis. Children, 
1933, 46, 522). 

Guanidine was first prepared by Strecker 
(Annalen, 1861, 118, 159) by oxidising ^anine 
mth potassium chlorate and hydrochloric acid ,- 
it is also obtained in small quantily by oxidising 
egg albumen with potassium permanganate, or 
gelatin with barium or ealcium permanganate 
(Lessen, ibid. 1880, 201, 369 ; Boudet, J. Pharm. 
Chim, 1857, [iii], 31, 32 ; Kutscher and Zickgraf, 
Sitzungsber. El. Akad. Wiss. Berlin, 1903, 28, 
624) ; it is formed synthetically (1) by heating 
biuret and hydrogen chloride at 160-170° 
(Finckh, Annalen, 1862, 124, 332) ; (2) from 
chloropicrin and alcoholic ammonia at 100° 
(Hofmaim, Ber. 1868, 1, 145) ; (3) from ethyl 
orthocarbonate and aqueous ammonia at 150° 
(Hofmann, Annalen, 1866, 139, 111) ; (4) from 
carbonyl chloride and ammonia (Bouchardat, 
Compt. rend. 1869, 69, 961) ; (5) from urea and 
ammonia under dehydrating conditions; am- 
monia and carbon dioxide or salts derived from 
them may be used instead of urea; finely divided 
nickel, aluminium, alumina or manganese 
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dioxide have been proposed as catalysts for the 
reaction, ■which takes place at 250-300° under" 
pressure or at lower temperatures in the presence 
of a non-aqueous solvent (Sander, G.P. 527237) ; 
(6) from ammonium chloride and alcoholic 
cyanamide at 100° (Erlenmeyer, Annalen, 1868, 
146, 259), modifications of this method using 
dicyanodiamide and various ammonium salts arc 
frequently used for the preparation of guanidine 
salts ; (7) by the h}'drolysis of dic3'anodiamido 
with mineral acid, each molecule giving 1 mol. 
of guanidine (Davis, J. Amer. Chem. Soc. 1921, 
43, 669), (8) by the oxidation of dicyanodiamidinc 
(Baumann, Ber. 1874, 7, 1766 ; c/. the action 
of aqiia regia, Ulpiani, G.P. 209431) ; (9) from 
cjmnogen iodide and alcoholic ammonia at 100° 
(Bannow, Ber. 1871, 4, 161). Beduction of 
tetranitromethane with nickel-zinc and HCl 
yields guanidine hydrochloride (Rakshit, J. 
Amer. Chem. Soo. 1914, 36, 1221). Stabler 
obtained this salt from CCI4 and NHj at 140° 
in presence of Cu and ! (Ber. 1914, 47, 909).' 
Hydrogenation of carbamideimidoazido nitrate 
(Hantzsch and "Vagt, Annalen, 1901, 314, 339) 
in the presence of colloidal palladium gives 
guanidine and nitrogen (Wienhaus and Ziehl, 
Ber. 1932, 65 [B], 1461). 

Guanidine, in the form of its salts, is usuallj' 
prepared by modifications of Erlcnmeycr’s 
((6) supra) or by the following method. Am- 
monium thiocyanate is heated for 20 hours at 
180-190°, and the melt is extracted with water, 
the extract concentrated'and the guanidine thio- 
cyanate allowed to crystallise (Delitsch, J. pr. 
Chem. 1873, [ii], 8, 240 ; 1874, [ii], 9, 2 ; Vol- 
hard, ibid. 9, 15 ; Krall, J.C.S. 1913, 103, 1378 ; 
Sharpe, J. Biol. Chem. 1917, 28, 399). 

Gluud et al. (Ber. Gos. Kohlcntech. 1931, 4, 
21 ; E.P. 728166 ; G.P. 668401) lead ammonia 
gas through molten ammonium thiocyanate at 
170-180°. In Gockel’s modification a metallic 
salt, e.g. of lead, is present (Angow. Chem. 1935, 
48, 430). Schopf and KJapproth have reported a 
violent explosion {ibid. 1936, 49, 23). The best 
methods of preparing guani^ne salts depend on 
heating the corresponding ammonium salts with 
dicyanodiamide (Rathke, Ber. 1885, 18, 3107). 
Thus, Werner and Bell describe the prepara- 
tion in 90% yield of the thiocyanate by this 
method (J.C.S. 1920, 117, 1133), and Davis 
(Org. S3mth. 1927, 7, 46) similarly prepared the 
nitrate. Davis recommends heating dicyano- 
diamide and ammonium nitrate. Smith, Sabetta 
and Steinbach (Ind. Eng. Chem. 1931, 23, 1124) 
state the optimum conditions. Preparations : 
guanidine sulphate from dicyanodiamide, see 
Levene and Senior, J. Biol. Chem. 1916, 25, 
623; Lidholm, Ber. 1913, 46, 156; Caro, Z. 
angew. Chem. 1910, 23, 2405 ; guanidine phos- 
phate, Jones and Aldred, Ind. Eng. Chem. 1936, 
28, 272; guanidine salts from metallic cyan- 
amides, G.P. 586446, 600869, and for the 
mechanism of the process, Gockel, Angew. 
Chem. 1934, 47, 655. 

Guanidine is a deliquescent crystalline solid, 
readily soluble in alcohol and water; it is 
volatile and strongly alkaline, absorbs carbon 
dioxide from the air, and forms crystalline salts. 
According to e.m.f. measmements it is a stronger 
base than any other organic nitrogenous base 


recorded (Hall and Sprinlde, J. Amer. Chem. 
Soc. 1932, 54, 3469). The ultra-violet absorp- 
tion spectrum shows only end absoiqjtion 
(Graubner, Z. ges. exp. ilcd. 1928, 63, 527). 
Guanidine is decomposed into ammonia and urea 
on boiling with barium hydro.xide solution or 
dilute sulphuric acid (Ossikow-sky, Bull. Soc. 
chim. 1872, [ii], 18, 161; Baumann, Ber.- 1873, 
6 , 1376) ; and is completely decomposed into 
carbon dioxide and ammonia by heating with 
concentrated acids or alkalies. Guanidine is 
decomposed, evolving two-thirds of its nitrogen 
when mixed with sodium hypochlorite or hypo- 
bromito (Fenton, J.C.S. 1879, 35, 14 ; Von 
Cordier, ^lonatsh. 1926, 47, 327). Wlicn chlorin- 
ated at 0° in shghtly acid solution buffered Avith 
NaOAcand AcOH, guanidine is converted into 
N-chloroazodicarbamidines (U.S.P. 2016267). 
Nitrous acid reacts Avith guanidine Avith libera- 
tion of nitrogen but only in the presence of 
strong acid (Hjmd and SlacFarlane, Biochem. J. 

1926, 20, 1264). Cyanamide is formed AV'hen 
nitrous fumes are passed into aqueous guanidine 
sulphate (Bancroft and Belden, J. Physical 
Chem. 1931, 35, 2684). Guanidine and those of 
its derivatives containing a free amino-group 
react, on Avarming, Avith diacetyl or generally 
AA'ith compounds containing the grouping 
— CO-CO-CHj — Avith the formation of a 
A'iolet coloration Avhich has been made the 
basis for a colorimetric method of determining 
creatine and arginine (Lang, Z. physiol. Chem. 
1932, 208, 273). Guanidine forms conden- 
sation products Avitli dicarboxylic acids (Traube, 
Ber. 1893, 26, 2551 ; Ruheman and Stapleton, 
J.C.S. 1900, 77, 805; Kaess and GruszkicAAdcz, 
Ber. 1902, 35, 3600) ; -noth ^-ketonie acids 
(Jaeger, Annalen, 1891, 262, 365) ; 'yfith ^- 
dikotones (Evans, J. pr. Chem. 1892, [ii], 
45, 489 ; Wenso, Ber. 1886, 19, 761) ; Avith 
malononitrile (Merck, G.P. 1 65692) ; Avith 
ethyl cyanoacetate (Traube, G.P. 115253). 
Guanidine reacts Avith mustard oils to form 
guanylthioureas, R-NH-CS-NH-C(:NH)NH2 
(Slotta, Tschesche and Dressier, Ber. 1930, 63 
[B], 208). Glycine ester reacts Avith 2 mol. 
of anhydrous guanidine giving glycocyamidine 
(Abderhalden and Sickel, Z. physiol. Chem. 
1928, 173, 61). Guanidine forms compounds 
Avith sugars containing 3 mol. of sugar and 1 mol. 
of guanidine ; these exhibit mutarotation and 
have a loAver optical' activity than the sugars 
from Avhich they are derived (Morrell and Bellars, 
J.C.S. 1907, 91, 1010 ; Przylecki et al., Biochem. 
Z. 1935, 277, 420, 424; c/. Giedroyd, Cichocka 
and MystkoAvski, ibid. 1935, 281, 422). Com- 
bination Avith proteins also occurs under suitable 
Pg conditions. Thus, guanidine combines Avith 
ovalbumin and gelatin above the isoelectric 
points, Avith casein and globulin beloAV their iso- 
electric points (Petruiddn, J. Gen. Physiol. 

1927, 11, 101 ; Przylecki, MystkoAvski and 
Niklewski, Biochem. Z. 1933, 262, 260). 

When guanidine hydrochloride is heated at 
180°, ammonia is evolved and biguanide is formed, 
the reaction being similar to the formation of 
biuret from urea : 

2HN;C(NH2)2 

= NH3-i-HN:C(NH2)-NH-C(:NH)NH2 
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In its phj'siological action, guanidine is highly 
toxic; when fed to rabbits, it causes a con- 
sid'erable fall in the blood sugar, convulsions and 
death (Frank, ISTothmann and Wagner, Arch, 
e.xp. Path. Pharm. 1926, 115, 55). Doses smaller 
than poisonous ones were in rabbits excreted 
unchanged in the urine (Pommerrenig, Beitr. 
chem: Physiol. Path. 1902, i, 561 ; Garino, 
Arch. Farm, sperim. 1916, 22, 229, from Chem. 
Zentr. 1916, 11, 1047). For other physiological 
data, see. Dominguez, Proc. Soc. Exp. Biol. 
Med. 1927, 25, 57 ; Hurst and Hurst, J. Path. 
Bact. 1928, 31, 303 ; Camis, J. Physiol. 1909, 
39, 73 ; Fuhner, Arch. exp. Path. Pharm. 1920, 
88, 179; Langlej’, J, Physiol. 1916, 50, 419; 
Sleighan, ibid. 1917, 51, 51). Although guani- 
dine does not appear to he a normal oxidation 
product of arginine in the body (Pommerrenig, 
I.C.), guanidine mtoxicatian occurs in certain 
clinical conditions (Minot and Dodd, Amer. J. 
Dis, Children, 1933, 46, 522). Llany derivatives 
of guanidine, e.g. l-guanido-4-aminobutane 
(“ Agmatine ”), the corresponding derivative of 
cleeane {“ Synthalin ”), the compound 

EtO'C6H4N:C(NH-CcH4-OMe)2HCl 

(“ Acoine ”), exhibit a marked insulin-like 
activity which has been applied in a few instances 
to the treatment of mild cases of diabetes mellitus 
(Frank, Hothmann and Wagner, Klin. Wochschr. 
1926, 5, 2100 ; Cannav6, Arch. Farm, sperim. 
1927,44, 49; 45, 218; Kumagai, Kawai and 
iShikinami, Proc. Imp. Acad. (Japan), 1928, 4, 
23 ; Gessner, Arch. exp. Path. Pharm. 1930, ^ 
147, 366; Harwood, Iowa State Coll. J. Sci. 
1932, 6, 431). Small quantities of guanidine, 
0-01%, 'are injurious to chlorophyllous plants, 
whilst fungi utilise it as a source of nitrogen but 
not of carbon (Kawakita, BuU. CoU. Agr. Tokyo, 
1904, 6, 181 ; Kossawitz, Chem. Zentr. 1913, I, 
1279). For its significance in plant physiology, 
see Taubock and Winterstein, in G. Klein, 
Handb. Pflanzenanalyse, 1933, 4, 190 ; Chem. 
Zentr. 1933, II, 3321. 

Tests and Estimation. — Many salts of guanidine 
give a yellowish-white flocculent precipitate with 
Kessler’s reagent, even at a dilution of 0-01% 
(Schulze, Ber. 1892, 25, 661). Arginine gives a 
similar precipitate (Barger, “ Simpler Natural 
Bases,” 1914, 164 ; nephelometric determination 
of small quantities of gtjanidine, Bittmann, Bio- 
chem. Z. 1926, 172, 36). A reagent made from 
10% solutions of sodium nitroprusside and 
potassium ferricyanide mixed with sodium 
hydroxide just before use gives an intense red- 
coloration mth guanidine and its mono- and di- 
substituted derivatives. The guanidines are 
first separated as phosphotungstates or adsorbed 
on “ norit ” (Weber, Proc. Soc. Exp. Biol. 
Med. 1927, 24, 712; Pfiffner and Myers, ibid. 
1926, 23, 830; J. Biol. Chem. 1930, 87, 345; 
Ellis, Biochem. J. 1928, 22, 353 ; Weber, J. Biol. 
Chem. 1928, 78, 465). 

A test developed by Sullivan has also been 
used for the colorimetric estimation of guanidine. 
To guanidine in aqueous or O'lA-hydro- 
chloric acid solution is added a 1% solution of 
sodium l:2-naphthoqvunone-4-sulpuonate and 
A''-NaOH. After heating to 90° for 1 minute 


and cooling again, the solution is strongly 
acidified with hydrochloric acid. Addition°of 
concentrated nitric acid now causes the for- 
mation of a red coloration or browm precipitate 
of 4-guanido-l:2-naphthoquinone (Sullivan,Proc. 
Soc. Exp. Biol. Med. 1935, 33, 106; Sullivan 
and Hess, J. Amer. Chem. Soc. 1936, 58, 47). 
Interference due to ammonia, methylamine, 
indole or benzidine can be eliminated by their 
removal beforehand. Certain synthetic deriva- 
tives of guanidine interfere (Braun and Piees, 
J. Biol. Chem. 1936, 114, 415), but these may be 
rendered inactive by addition of a little hydroxyl- 
amine immediately before acidification (Sullivan, 
ibid. 1936, 116, 233). 

The separation of guanidines from creatine 
and creatinine by adsorption on “ Doucil,” a 
sodium aluminiunf silicate, has been suggested 
by Saunders (Biochem. J. 1932, 26, 801). The 
separation of guanidine and methylguanidine 
can be effected by means of )3-naphthalenesul- 
phonyl chloride and depends on the fact that, 
under standardised conditions, methylguanidine 
does not react \vith this reagent (Hess and 
Sullivan, J. Amer- Chem. Soc- 1935, 57, 2331). 

In the estimation of guanidine by precipitation 
with picric acid, the salt is dried at 110° and 
weighed (Vozarik, Z. angew. Chem. 1902, 15, 
670). Picrolonic acid has been used in prefer- 
ence to picric acid since the precipitates are not 
contaminated with creatinine (Kuen, Biochem. 
Z. 1927, 187, 283). Flavianic acid can be used 
similarly (Miiller, Z. physiol. Chem. 1932, 209, 
207). Guanidine phosphotimgstate is soluble 
(22-8 parts) in 100 parts of a mixture of acetone 
(4 vol.) with water (3 vol.) (Wechsler, ibid, 1911, 
73, 141 ; Drummond, Biochem. J. 1918, 12, 5). 
2-Nitro-l:3-indanedione forms a guanidine salt, 
m.p. about 258°, which is of use in the identifi- 
cation of guanidine (Wanag and Lode, Ber. 
1937, 70 [Bj, 547). Chohne and guanidine may 
be detected in organs by means of a histo- 
chemical test described by Hirose (ilitt. Med, 
Ges. Tokio, 1931, 43, 888; Chem. Zentr. 1931 

I, 654; Amer. Chem. Abstr. 1932, 26, 3812). 

For the identification of the arylguanidines, 

used for the vulcanisation of rubber, by a colour 
reaction with cobalt oleate, see Shimada (J. Soc. 
Chem. Ind. Japan, 1933, 36, Suppl. binding 82), 
and for their estimation by titration with 
hydrochloric acid, see Mogoricheva and Korsuns- 
kaja, J- Rubber Ind. U.S.S.R. 1933, 10, 341; 
Minatoya, Nagai and Aoe, J. Soc, Rubber Ind. 
Japan, 1934, 7, 134 ; 1935, 8, 328 ; Kuznetzov, 

J. Chem. Ind. (Moscow), 1935, 12, 1265; 
Humphrey, Ind. Eng. Chem. [Anal,], 1936, 8, 
153 (estimation as picrate after hydrolysis). _ . 

Salts. — Guanidine forms crystalline salts with 
mineral and organic acids, and also characteristic 
double salts. The hydrochloride, or guanidinium 
chloride, CHgNgCi, crystallises in the ortho- 
rhombic system (Theilacker, Z. Krist. 1931, 76, 
303) and forms double salts with mercuric 
chloride,' CH^N:^C\,2HgC\^ (Byk, J. pr. Chem. 
1879, [ii], 20, 233) andplatinic iodide (Datta and 
Ghosh, J. Amer. Chem. Soc. 1914, 36, 1017). 
The hydrobromide, CHgNgBr, forms ortho- 
rhombic bipyramidal crystals (Theilacker, Z. 
Krist. 1935, 90, 256). Both the bromide and 
iodide form addition compounds with mercuric 
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cyanide of the t5’'po CHgN3l-Hg(CN)2, m.p. 
261° (decomp.). The cMoroaiiraic, 

CHsNg-HAuCIi, 

forms deep yellow, sparingly soluble needles 
(Hofmann, Her. 1868, 1, 146) ; the chloro- 
‘platinate, (CH5N3)„H2PtClg, yedow needles 
soluble in water, sparingly so in alcohol (Streeker, 
Annalen, 1861, 118, 160) ; the platinithiocyanate, 
(CHsNgljHaPtlCNS)^, forms beautiful red 
crystals which blacken at 170-176° (Guareschi, 
Chem. Zentr. 1891, II, 620). Eor the jiollado- 
chloride, see Gutbier and EeUner, Z. anorg. 
Chem. 1916, 95, 128. The thiocyanate, 

CH5N3-HCNS, 

has m.p. 118° and 100 parts of water dissolve 
134'9 parts at 15° (Engel, Bull. Soc. chim. 
1885, [ii],' 44, 424). The azide, CH^Ns-HNs, 
m.p. 93'5°, is foimed by double decomposi- 
tion between the chloride and silver azide. 
When treated with carbon disulphide, ” it 
forms guanidine azido-dithiocarbonate, 
CH5N3-HSCSN3 (Craik, Berger and Browne, 
J. Amer. Chem. Soc. 1934, 56, 2380). The 
nitrate, CH5N3,HN03,- crj'stallises in large 
plates, m.p. (corr.) 217° ; 25-6 parts dissolve in 
100 parts of water at 20° (Smith, Sabetta and 
Steinbach, Ind. Eng. Chem. 1931, 23, 1124). 
Eor the preparation of the nitrate from the tliio- 
cyanato, see Jousselin, BuU. Soc. chim. 1880, 
[ii], 34, 497. The nitrite, CH5N3'HN02, forms 
glittering prisms, m.p. 76-78'5° (Lessen, An- 
nalen, 18^91, 265, 129). The sulphate, 

(CH5N3)2H2S04 

(Bodewig, J. Ann. Physik, 1876, 157, 1251, forms 
adouble salt with aluminium sidphate, 

(CH6N3)2H2SO,-Al2(SOJ3,12H20 

(Ferraboschi, Proc. Camb. Phil. Soc. 1908, 14, 
471). The carbonate, (CH5N3)2H2C03, prisms, 
m.p. 197° (Schroder, Ber. 1880, 13, 1072); 
Burgers (Proc. Roy. Soc. 1927, A, 116, 563) 
described uniaxial, optically active crystals in 
which the activity was attributed to a special 
arrangement of the atoms -within the unit 
structure. The trithiocarbonate,(C HjNgljHgCSg, 
is prepared by heating the free base with 
carbon disulphide for 2 hours at 100° (Strack, 
Z. physiol. Chem. 1929, 180, 198). The meta- 
phosphate, CH5N3-HPOg, forms a fine crystal- 
line precipitate (Pohl, ibid. 1889, 13, 296). 
Diguanidine phosphate, 

(CHgN3)2H3P04,2H20, 

is obtained by stirring the thiocyanate with 
silver phosphate and 20% phosphoric acid at 
60° and evaporating to dryness (G.P. 614818). 
The diethylpyrophosphate results from the action 
of ethyl metaphosphate on the carbonate in dry 
chloroform (Plimmer and Burch, J.C.S. 1929, 
279). The hypophosphate has been prepared and 
its magnetic susceptibility (—0-41 at 18-20°) 
determined (Bell and Sugden, ibid. 1933, 48). 
The chlorate, CHbN 3-HCI03, m.p. 100-101° 
{cf. the decomposition temperature 148° given 
by Datta and Ghoudhury, J. Amer. Chem. Soc. 
VoL. VI. — 10 


1916, 38, 1079), is less stable than the per- 
chlorate, CH5N3-HCI04, m.p. 245-246° (Mice- 
■wicz, Przemysl Chem. 1926, 10, 56, 136). 
According to llazzucchelli and Rossi (Gazzetta, 
1927, 57, 383), the perchlorate cannot be ex- 
ploded with a hammer and when heated in the 
open it fuses and volatih'ses. The mono-, di- and 
tri-chromates are prepared by the action of 
chromic acid on the carbonate. The mono- 
chromate forms triclinic, the di- and tri- 
chromates monoclinic crystals (Swaryezewski, 
Bull. Acad. Polonaise, Classe sci. math. nat. 
1934, A, 246). Guanidine forms salts with a 
number of chromium complexes, e.g. the 
reincclcate, [(SCN)4Cr(NH3)2] [CHoN3]+ 
(Carlsolm and Rathmann, J. pr. Chem. 1936, [ii], 
147, 29, solubility data are given). The acetate 
forms shining needles, m.p. 229-230° (Ostro- 
govich, Gazzetta, 1897, 27, i, 223 ; cf. Wieland 
et ah, Annalen, 1933, 507, 226). The dioxalate, 
CH5N3-C„H204,H20, is sparingly soluble 
(Streeker, 7.C.). The salt with acetylglycine has 
m.p. 105-110°. With 3:5-dinitrobenzoyl chloride 
in the presence of allcali, guanidine gives a di- 
3;5-dinitrobenzoyl derivative which is insoluble in 
sodium h3’droxide (Saunders, Biochem. J. 1934, 
28,580). Thepicro^c, CH5N3-CflH2(N02)30H 
is a sparingly soluble, yellow, crystaUine salt, 
m.p. 333°; 1 part dissolves in 2,630 parts of 
water at 9° (Emich, Monatsh. 1891, 12, 24). 
The precipitation of guanidine picrate is pre- 
vented by nucleic acid, owing to the formation 
of a more soluble complex picrate (White, 
Trans. RoJ^ Soc. Canada, 1926, 20, Sect. V, 
321). According to Von Cordier (Chem. Zentr. 
1906, 1, 340), guanidine picrate {cf. supra), exists 
in two stcreoisomeric forms which are identical 
in specific gravity and electrical conductivity 
but difi’er in solubility. -The p-toluenesulpho- 
nate has m.p. 206°, and the p-naphthalene- 
sulphonate, m.p. 259° (Remson and Garner, 
Amer. Chem. J. 1901, 25, 173). The picrolonaie, 
is soluble in alcohol 
(Schenck, Z. physiol. Chem. 1905, 44, 427) ; 
the Tci-bromopicrolonate decomposes at 275° 
(Zimmermann and Cuthbertson, ibid. 1932, 
205, 38). Many guanidinium salts of in- 
organic iso- and hetero-poly acids have been 
prepared (Gutbier, Mehlcr and Ottenstein, Z. 
anorg. Chem. 1914, 89, 313, 333, 343 ; Rosen- 
heim et ah, ibid. 1913, 79, 292; 1914, 89, 224; 
1915, 91, 75 ; 1930, 193, 64 ; 1932, 204, 342 ; 
Ber. 1911, 44, 1865 ; Z. Elektrochem. 1911, 17, 
694; Fernandes et ah, Atti R. Accad. Lincei, 
1927, [vi], 5, 339; 1927, [vi], 6, 102; 1928, [vi], 
7, 496 ; Gazzetta, 1926, 56, 655 ; Brukl and 
Hahn, Monatsh. 1932, 59, 194; Schramm, Z. 
anorg. Chem. 1927, 161, 231 ; Weinland and 
Friede, Arch. Pharm. 1928, 266, 363). 

Acyl Derivatives . — Formylguanidine, 

H2N-C(:NH)-NH-CH0, 

has m.p. 178° (decomp.) ; acetylguanidine, m.p. 
185°, hydrochloride, m.p. 145° (Kornddrfer, 
Arch. Pharm. 1903, 241, 449, gives m.p. 142°). 
{See also Traube, Ber. 1910, 43, 3586 ; Pierrow, 
Compt. rend. 1910, 151, 1364; Wheeler and 
Johnson, Amer. Chem. J. 1901, 2&, 417; 
Andreasch, Monatsh. 1926, 46, 639.) 
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Allyhnalonylguanidine, m.p. 265-266°, cry- 
stallises from acetic acid in hexagonal plates 
(.Johnson and Hill, Amer. Chem. J. 1911, 46, 
537). For guanidino-glycylglycine and the intro- 
duction of guanidine into the polypeptide 
molecule, seeClementi, Gazzetta, 1915, 45, i, 56, 
ii, 276. 

Alkyl and Aryl Derivatives. — MelTiyl- 
guanidine, HN:C(NH 2 )NHMe, has been iso- 
lated from muscle (Gule^tsch, Z. physiol. 
Chem. 1906, 47, 471 ; Ewins, Bioehem. J. 
1916, 10, 103; Smorodintzev and Adova, Z. 
physiol. Chem. 1928, 181, 77 ; Komarow, 
Bioehem. Z. 1929, 211, 326) and is considered by 
3tlann to he a natural constituent of muscle 
(ibid,. 1934, 268, 339). It has been found in milk 
(Muller, Z. BioL 1926, 84, 553). For its isolation 
from normal human inine, see Wada, Acta 
Schol. Med. Univ. Imp. Kioto, 1930, 13, 187", and 
from that of dogs, see Koch, J. Biol. Chem. 
1913, 15, 313; for its determination in blood, 
see Zappacosta, BoU. Soc. Ital.- Biol, sperim. 
1935, 10, 705; see also the methods of deter- 
mining guanidine, manj* of •which are applicable 
to its alkyl derivatives. It can be prepared by 
several of the methods used for guanidine fr 
methylamine is substituted for ammonia, e.g. 
Erlenmeyer’s and Werner and Bell’s methods 
(Erlenmeyer, Ber. 1870, 3, 896; B.P. 279884; 
Canad. P. 281121 ; Amer. Chem. Abstr. 1929, 23, 
3443 ; PhiUppi and Morsch, Ber. 1927, 60 B, 2120). 
The Rathke synthesis, consisting of the treat- 
ment of alkyh'sothiourea salts 'with an amine, is 
general and applicable also to the preparation 
of polyalkyl-substituted derivatives (Lecher, 
Z. physiol. Chem. 1928, 176, 43 ; Canad.P. 
276107 ; Piovano, Gazzetta, 1928, 58, 245 ; 
Phillips and Clarke, J. Amer. Chem. Soc. 1923, i 
45, 1755 ; Smith, ibid. 1929, 51, 476). A special 
method of preparation of methjiguanidine is by 
boiling creatine "with mercuric or lead oxide and 
dilute sulphuric acid (Dessaignes, Annalen, 
1854, 92, 407 ; 1856, 97, 340). For separation 
of guanidine and methylguanidine {see p. 144c). 
Methylguanidine gives a characteristic red 
colour (Sagakuchi reaction) ■when treated, in 
alkaline solution, "with a-naphthol and sodium 
hypochlorite. This reaction may be used for its 
colorimetric determination if the concentration 
is greater than 50 mg, per litre (Kuen, Bioehem. 
Z. 1927, 187, 283). The alkaline nitroprusside- 
ferriej'anide reagent (p. 1445) is also applicable 
to the colorimetric estimation qf methylguani- 
dine (Pfiffher and Mvers, Proe. Soc. Exp. Biol. 
Med. 1926, 23, 830). 

Methylguanidine is a strongly basic, volatile, 
deh'quescent crystalline substance which readily 
decomposes ; it decolorises permanganate, and 
liberates ammonia and methj'lamine on heating 
•with potassium hydro.xide. For the preparation 
of the chloride and its conversion to other salts, 
see Traube and Goniiak, x4mer. Chem. Abstf. 
1929, 23, 3443. The sulphnle, 

(CoH-Ngl^HaSO^, 

ciy-stallised from water, has m.p. 238°; the 
'nitrate, from ethyl alcohol, m.p. 148-149°; 
the nitrite, m.p. 150° and the formate, m.p. 122°. 
The oxalate, (C 2 H-N,) 2 C 2 H 204 , 2 H 20 , is cry- 


stalline and soluble in water. The cUoroaurak, 
C 2 H 7 N 3 ,HAuCl 4 , forms yellow crystals, m.p’ 
198-200°; the platinichloride, 

(C2H,N3)2H2PtCl3, 

yeUo-wish-red prisms, sintering at 186-187° and 
m.p. 194-195° (Schenck, Arch. Pharm. 1909, 247, 
466 ; Schenck and Kirchhof, Ber. 1927, 60 [Bl 
2412). The reineckate, 

[(SCN),Cr(NH3)2r[C2H8N3f 

has m.p. 228-230° (Smorodintzev, Z. physiol. 
Chem. 1930, 189, 7). The picrate crystallises 
from water in two distinct modifications, yellow 
plates or needles, m.p. 201-5° (Gule-witsch, l.c.). 
The picrolonate, CjH^Nj'CjoHgOjN^, melts at 
291° (Wheeler and .lamieson, J. Biol. Chem. 
1904, 4, 111). Acetylmethylgiianidine is formed 
by warming the base -with ethyl acetate ; it has 
m.p. 171-172°. Benzoylmefhylguanidine, pre- 
pared similarly, has m.p. 156°; hydrochloride, 
m.p. 220-221°. Oxalylmethylguanidine, 

NH-C(:NH)NIV!e 

CO CO 

m.p. 205-207°, is formed from the base and ethyl 
oxalate in alcoholic solution. 

Alkyl derivatives of guanidine containing 
higher alkyl groups and also polysubstituted 
derivafi''?^es are usually prepared either by 
Erlenmeyer’s or Rathke’s method. For the 
preparation from alkyhsothiomreas. of mono- 
suhstituted guanidines "with alkyl groups higher 
than methyl, see Schenck and Kirchhof, Z. 
physiol. Chem. 1926, 158, 90 ; Ber. 1927, 60 fBJ, 
2412; Piovano, Gazzetta, 1928, 58, 245; and 
Amer. Chem. Abstr. 1933, 27, 1867, and for 
Erlenmeyer’s method, B.P. 279884; Canad.P. 
281121; G.P. 494918; B.P. 286196; also 
Da\TS and Elderfield, J. Amer. Chem. Soc. 1932, 
54, 1499. For polyalkylguanidines, see Kling- 
ner, Z. physiol. Chem. 1926, 155, 206; Lecher 
and Demmler, ibid. 1927, 167, 163 ; Schenck 
and Kirchhof, Ber. 1927, 60 [B], 2412 ; Schotte, 
Priewe and Roescheisen, Z. physiol. Chem. 1928, 
174, 119; Davis and Elderfeld, l.c.; B.P. 
285873 ; and for peralkylated (pentasuhstituted) 
guanidines, see Lecher et al., Annalen, 1927, 455, 
139; U.S.P. 1766755. 

a-Phenylguanidine, NH:C(NH 2 )NHPh, is 
conveniently prepared by heating aniline wth 
methylisothiourea sulphate until evolution of 
mercaptan ceases, it is purified bj' conversion to 
the carbonate which is only slightly soluble in 
cold water. The free base, m.p. 66-68°, crystal- 
lises in the monoclinic system, is soluble in 
alcohol and benzene and slightly soluble in vatcT, 
ether and carbon tetrachloride, and absorbs 
carbon dioxide and water from the air. a- 
Phenylguanidine sulphate forms monoclinic 
crj'stals, m.p. 205°, is soluble in -water and 
slightly soluble in 95% alcohol; the carbonate, 
monoclinio ciy-stals, m.p. 138-140°, is soluble 
in hot water; the nitrate, tiiclinic er 3 'stals, 
m.p. 118-119°, 'is soluble in hot water and 
alcohol but slightly in cold ; the picrale, in.p. 
218-220°, forms either orthorhombic or trir-linic 
ciystaLs insoluble in water, and the chloro- 
plalinate, m.p. 196°, triclinic crystals is sh'ghtly 
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soluble in -water (Smith, J. Amcr. Chem. Soc. 
1929, 51, 47G). y-Benzoyha-plicnylguanidine has 
m.p. 91-92°. For other arylguaniclines, sec 
Braun, J. Amcr. Chem. Soc., 1933, 55, 1280. 

Diarylgiianidhms are much used as acceleratoi-s 
for the -vnilcanisation of rubber (Elley and 
Po-wers, India Rubber World, 1926, 75, 143 ; 
Stoll, Gummi-Ztg. 1926, 41, 193; dipltenyl- 
guaiiidinephthalate, JJ.S.B. 1960067). ay-Deriva- 
tives may be prepared by desulphurising diarjd- 
thioureas in the presence of ammonia, c.g. -with 
basic salts of lead, zinc, cadmium or tin (Naunton, 
Trans. -Inst. Rubber Industry, 1926, 2, 147 ; 
J.S.C.I. 1926, 45, 376 t; U.S.P. 1630769, 

1642180, 1662626, 1669242, 1672431; B.P. 
262155) ; or, in excellent yield, by the action 
of cyanogen chloride or bromide on anilines 
(Naunton, he.; U.S.P. 1639724, 1639725). For the 
preparation of aa-diarylgiianidines, see Paulson, 
U.S.P. 1675865; Arndt and Rosenau, Amer. 
Chem. Abstr. 1918, 12, 1187. For reviews on the 
.preparation of diphenylguanidinc, see Hutin, 
Caoutchouc and Gutta-percha, 1926, 23, 13297 ; 
Drozdov, J. Chem. Ind. Russ. 1932, No. 7, 44. 
When arjd substituted guanidines arc heated, 
rearrangements occur (Klingner, Z. physiol. 
Chem. 1926, 155, 206). Additional references to 
substituted guanidines are : Strakosch, Ber. 
1872, 5, 692; Tatarinow, J.C.S. 1886, 38, 233; 
Noah, Ber. 1890, 23, 2196 ; Hofmann, ibid. 1869, 
2, 601 ; Fischer, ibid. 1897, 30, 2414 ; Alway and 
Vail, Amer. Chem. J. 1902, 28, 158 ; Kampf, 
Ber. 1904, 37, 1681; Riedel, G.P. 66550; 
104361 ; Schenck, Arch. Pharm. 1911, 249, 463, 
1912, 250, 306. 

Guanamines. — When the guanidine salts 
of the fatty acid series are heated at 220-230°, 
water and ammonia are eliminated and 2:4- 
diamino-s-triazines, formerly called guanamines, 
are formed, and afford excellent means of identi- 
fying volatile fatty acids (Haaf, J. pr. Chem. 
1891, [ii], 43, 75) : 

N— C-NH, 

RC6 3N 
\5 4 / 

N=C-NH2 

The sarpe series of compounds and also the 
aryl derivatives are formed when dicyanodi- 
amide is heated with amidines or their salts or 
with nitriles at 200-250° with or -vUthout alcohol 
(Ostrogovich, Atti. R. Accad. Lincei, 1911, [v], 
20, i, 182, 249 ; Gazzetta, 1930, 60, 648 ; 1932, 
62, 317 ; Amer. Chem. Abstr. 1930, 24, 5752 ; 
Guanamines are also obtainable from biguanide 
and nitriles but the yields are lower. Acelo- 
guanamine, (R=CH3) (6-methyl-2:4-diamino- 
1:3:5 -triazine), m.p. 265°. 

Chloroguanidine, CH4CIN3, obtained by 
the action of bleaching powder solution on 
guanidine carbonate in ice-water, forms a pale 
yeUow crj>^staUine powder that decomposes at 
150° (Kamenski, Ber. 1878, 11, 1602). 

Bromoguanidine, CH^BrNg, formed from 
equimolecidar proportions of bromine and 
guanidine carbonate, crystallises in j’-ellow 
needles. By the action of 3 mol. bromine on 
1 mol. guanidine carbonate, the compound, 
CHsNg-HBrBra, is formed, crystallising in 


dark red prisms. The corresponding iodine 
compound, CHgNg-H !• i2> crystallises in prisms 
the colour of iodine (Kamenski, l.c.). 

a-Cyanoguanidine {Dicyanodiamide, q.v.). 
Nitroguanidine, HN:C(NH2)NH-N02, was 
first prepared by Jousselin (1877) by the action 
of fuming nitric acid and nitric oxide on guani- 
dine nitrate, and called by him nitrosoguanidine. 
Pellizzari (Gazzetta, 1891, 21, ii, 405) showed 
that it was the niiro compound and Ids results 
were confirmed by Thiele (Annalen, 1892, 270, 1), 
who also prepared it by the action of fuming 
nitric acid and sulphuric acid on guanidine thio- 
CJ^anate. It exists in two modifications which 
differ in ciystal form and habit and slightty in 
solubilitj'-, but are otherwise identical. The 
two forms are not interconvertible by solution in 
water, and may be separated by fractional cry- 
stallisation from that solvent. Either com- 
pound, dissolved in sulphuric acid and poured 
into water, gives the a-form. Neither appears 
to be an «ci-form or a stronger psewdo-acid than 
the other since their solubilities in O-IA^-KOH 
are essentially the same, a- Nitroguanidine is 
most convenientl3’^ prepared in 92% jdeld by 
adding pure guanidine nitrate, ground to • a 
uniform fineness, to 3 parts by weight of con- 
centrated sulphuric acid cooled to below 0°. 
TJic reaction should not be prolonged for more 
than an hour, otherwise hj'dro]3fsis proceeds more 
rapidty than nitration (Smith, Sabetta and 
Stcinbach, Ind. Eng. Chem. 1931, 23, 1124). 
Davis (Organic Syntlieses, 1927, 7, 68) describes 
a similar method giving a yield of 73%. It 
cr3fstallisc3 from water in colourless needles 
resembling phthahe anh3’dride, m.p. 246°, var3’'- 
ing with the rate of heating; 100 c.c. of water 
dissolve 0-271 g. at 19-6°. It is slightly soluble 
in ethyl acetate, acetone, eth3d alcohol, methyl 
alcohol and pyridine, but insoluble in benzene, 
toluene, chloroform, carbon tetrachloride, ether 
and carbon disulphide (Devergnes, Rev. Chim. 
Ind. 1929, 38, 265; Amer. Chem. Abstr. 1930, 
24, 350). The heat of combustion at constant 
pressure is -f 210-3 kg.-cal. and the heat of for- 
mation from its elements is 4-22 kg.-cal 
(Matignon, Compt. rend. 1892, 244, 1432). j3- 
N ilroyiianidine is produced in variable amount, 
usually accompanied by the a-form, by nitration 
of guanidine sidphate (mixed with (N 144)2804) 
which results from the hydrol3'sis of dio3mnodi- 
amide with sulphuric acid (Davis, Ashdown and 
Couch, J. Amer. Chem. Soc. 1925, 47, 1063). 
The j5-form crystallises from water in small thin 
elongated plates ; for solubility curves of the 
two forms, see Davis, Ashdown and Couch, l.c. 
For the ultra-violet absorption, see Riegel and 
Buchwald, ibid. 1929, 51, 484 ; and for the 
explosion temperature (1,990°), see Muraour and 
Aunis, M6m. Poudres, 1932, 25, 91. Nitro- 
guanidine is decomposed by concentrated sul- 
phuric acid, with a rapid evolution of nitrous 
oxide followed by a slower evolution of carbon 
dioxide and then by gases containing nitrogen. 
On long continued contact -with water it decom- 
poses with evolution of ammonia. When 
digested with ammonium hydroxide, it is con- 
verted to guanidine and mea, and with am- 
monium carbonate a 90% yield of guanidine 
carbonate may be obtained. Digestion at 60- 
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70° witli mefchylamine gives methylnitroguani- 
diiie, m.p. 160-5-161°. Smilarly the eihylnitro-, 
m.p. 147-148°, butylnitro-, m.p. 84-85° and 
henzylnitro- m.p. 183-185° derivatives may be 
prepared. For other alky] nitro-derivatives, see 
Davis and Luce, J.* Amer. Chem. Soc. 1927, 49, 
2303. Reduction of nitroguanidine leads to the 
formation of, firstly, nitrosoguanidine and then 
aminoguanidine (v. infra). The reversible sys- 
tem nitroguanidine^nitrosoguanidine has been 
studied by Smith and Sabetta (ibid. 1932, 54, 
1034) who give 0-88 as the normal oxidation- 
reduction potential in acid solution. The silver 
derivative CHgN^OgAg is colourless and 
almost insoluble in water ; the nitrate is crystal- 
line and melts at 147° ; the hydrochloride crystal- 
lises in plates or prisms. Two qualitative tests 
may be used for the identification of nitro- 
guanidine (a- or j3-). Nitroguanidine (0-01 g.) in 
cold water when treated with 2 drops of saturated 
ferrous ammonium sulphate and 1 c.c. of QN- 
NaO H, allowed to stand 2 minutes and filtered, 
gives a fuchsin-coloured filtrate, fading in about 
half an hour. For the second test, nitroguani- 
dine is reduced with zinc dust and 8% acetic 
acid and filtered. The aminoguanidine in the 
filtrate gives with CUSO4 solution an intensely 
blue solution, which, on boiling, evolves gas, 
and deposits metallic copper; it also reduces 
silver acetate in acetic acid solution. These 
reactions are also given by nitrosoguanidine, 
but the nitro- and nitroso-compotmds are easily 
distinguished by their physical properties. 

Nitrosoguanidine, HN;C(NH2)NH-NO, 
may be obtained by reduction of nitroguanidine 
with zinc dust and sulphuric acid or with zinc 
and 1-5% ammonium chloride solution (Sabetta, 
Himmelfarb and Smith, ibid. 1935, 57, 2478). 
For the catalytic hydrogenation of nitro- 
guanidine to nitrosoguanidine in the presence 
of Raney nickel, which may be promoted with 
platinic chloride, see Lieber and Smith, ibid. 
1935, 57, 2479 ; 1936, 58, 1417, 2170. It forms 
yellow needles which explode violently at 161°, 
is soluble in alkalis and reprecipitated by carbon 
dioxide. 100 g. of water dissolve 0-154 g. at 20°. 
The isoelectric point is at pg 7. It gives the 
Liebermann reaction, and alkaline solutions give 
a beautiful purple coloration with ferrous salts 
(c/. Nitroguani^ne). The estimation of nitro- 
soguanidine may be carried out by titration 
until potassium permanganate. For details of 
this and of other methods, see Sabetta, Himmel- 
farb and Smith, l.c. Aqueous solutions evolve 
nitrogen on boiling, but warming with con- 
centrated hydrochloric acid gives nitric oxide 
(Davis and Abrams, Proc. Amer. Acad. Arts 
Sci. 1926, 61, 437). A cold acidified solution 
converts dimethyianiline and diphenylamine 
into their nitroso-derivatives. The silver salt, 
CHgON^Ag, is a colourless explosive precipi- 
tate ; the copper salt, (CH30N4)2Cu, is reddish- 
brouni and the niclxl salt, (CHgONjlgNi, is 
vermilion red (Thiele, Annalen, 1893, 273, 133). 
According to Hantzsch, Schumann and Engler 
(Ber. 1899, 32, 575, 1703), nitrosoguanidine is a 
true nitrosamine and its constitution is repre- 
sented the formula HN:C{NHo)NH-NO, 
•since it has a neutral reaction, yields mainly 
nitrous acid and not nitrogen when decomposed 


by acids, and does not react with phosphorus 
pentachloride or acetyl chloride. On the other 
hand, Whiteley (J.C.S. 1903, 83, 31) and 
Tschugaeff (Ber. 1906, 39, 3383) consider that 
the coloured metaUie derivatives are salts of the 
tautomeric diazo-hydrate form 

HN:C(NH2)N.-N-0H. 

Nitroaminoguanidine, 

H2N-NH-C(-.NH)NH-N02, 

is obtained by treating nitroguanidine with 
hydrazine sulphate in aqueous ammonia. Its 
solubility in water at 20° is 0-34%, and at 70°, 
3%. It melts with explosion at about 190° and 
reduces potassium permanganate and dichro- 
mate, Nessler’s reagent, and ammoniacal AgN O3, 
and with Fehling’s solution yields an explosive 
copper compound (Phillips and Wfiliams, 
J. Amer. Chem. Soc. 1928, 50, 2465). Like 
other aminoguanidines and hydrazines it readily 
forms derivatives wnth aldehydes and ketones, 
e.g. formaldehyde nitroguanylhydrazone, ni.p. 
169°, and the derivative from acetone, m.p. 
164-165°; acetoacetic ester, m.p. 130-131°; 
benzaldehyde, m.p. 188°; and salicylaldehyde, 
m.p. 213°. The reaction takes place rapidly in 
solution in water or aqueous methanol and the 
aldehydes or ketones may be recovered from the 
nitroguanylhydrazones by hydrotysis with 20% 
hydrochloric acid (Stoermer, Annalen, 1900, 
312, 273 ; Whitmore, Revukas and Smith, J. 
Amer. Chem. Soc. 1935, 57, 706; Smith and 
Shoub, ibid. 1937, 59, 2077). With nickel salts 
and ammonium hydroxide, nitroaminoguanidine 
gives Ni0[HN:C(NH-N02)NH-NH2]2 which 
is insoluble in water (hot or cold) but gives an 
intensely blue alkaline sohition. This reaction 
may be used as a test for nitroaminoguanidine 
or for nickel. Reduction Avitli zinc and acetic 
acid jnelds diaminoguanidine. 

- Aminoguanidine, HN:C(NH2)NH-NH2, 
was first obtained by Thiele by reduction of 
nitroguanidine wnth zinc dust in acetic acid at 
40° until a test portion developed no coloration 
with ferrous sulphate and alkali (Annalen, 1892, 
270, 23). After filtering and evaporating excess 
of AcOH, a concentrated solution of am- 
monium bicarbonate is added in the cold, thu-s 
precipitating the bicarbonate of the base (G.P 
59241). Modifications of Tliiele’s method have 
been described by Conard and Shriner ( J . Amer. 
Chem. Soc. 1933, 55, 2867) and by Wyler (U.S.P. 
1990511, 2123032). A 60% yield of amino- 
guanidine may’’ be obtained by the reduction of 
nitroguanidine v-ith sodium in solution in liquid 
ammonia, provided that a sufficient concentra- 
tion of ammonium chloride is maintained (Fuller, 
Lieber and Smith, J. Amer. Chem. Soc. 1.9.1/, 
59, 1150). . A yield of 81% by electroMic reduc- 
tion, with a tin cathode, of the nitro-compound 
suspended in dilute sulphuric acid is claimed by 
Boehringer und Sohne, G.P. 167637; but tbi? 
has not been confirmed (Lieber and Smith, 
CJiem. Reviews, 1939, 25, 216, give a detailed 
summary of the chemistry of aminoguanidine). 
The catalydic hj'drogenation of the nitro- 
compound was suggc.sted by McGill (U.S.P 
2033203) who used nickel on kieselguhr at tem- 
peratures between 25° and 125° in the absence of 
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acid, but Lieber and Smith (J. Amor. Chom. Soc.J 
1936, 58, 2170) found the optimum concentra- j 
tion of acid is relative^ liigh. In neutral and 
basic media nitrosoguanidine is the first product, 
but Thiele found tliat zinc dust and acetic acid 
also reduce the nitroso-compound to araino- 
guanidme (Annalen, 1893, 273, 133). Amino- 
guanidine may also bo prepared by refluxing an 
alcoholic solution of cyanamide and hydrazine 
sulphate or hydrochloride (Pellizzari et ah, 
Gazzetta, 1891, 24, i, 450; 1914, 44, ii, 72). 
Previously Hofmann and Ehrhart (Ber. 1911, 44, 
2713) had used calcium cyanamide. Improve- 
ments in this method due to Pant! and Silber- 
mann (Annalen, 1928, 467, 283) enable jdelds of 
90-95% of aminoguanidine to be obtained from 
disodium cyanamide. Equimolecular propor- 
tions of nitrosoguanidine and h3’'drazinc hydrate 
react readily, vith evolution of nitrogen 
and water, to form aminoguanidine (Thiele, 
ibid. 1893, 273, 133). Aminoguanidine sidphate 
and its a-alkyl derivatives can be obtained in 
quantitative yield by treating S-alkyliso- 
thiourea sulphates with hydrazine hydrate 
(Heyn, F.P. 618064 ; Schering-Kahlbaum A.-G., 
G.P. 463576 ; Smith and Anzelmi, J. Amer. 
Chem. Soc. 1935, 57, 2730 ; Kirsten and Smith 
ibid. 1936, 58, 800). ajS-Diaryl-y-aminoguani- 
dines may be prepared from sy?n-diar3dthioureas 
and hydrazine hydrate in alcoholic potassium 
hydroxide (Busch and Bauer, Ber. 1900, 33, 
1058). 

Aminoguanidine cannot be prepared in the 
free state; its salts when treated with an 
equivalent amount of barium or potassium 
h3''droxide and evaporated in vacuo give reddish- 
\dolet prisms of sym-diaminotetrazine wliich 
results from the condensation of 2 mol. of amino- 
guanidine and oxidation of the diaminodihydro- 
tetrazine so formed : 

NH— NHv 

2CH6N4 HgN-c/ >C-NH 2 


an adaptation of the Jamieson method for 
h3'drazinc (“ Volumetric lodate Methods,” The 
Chemical Catalog Co. Inc., Kew York, 1936, p. 36). 
The aminoguanidine salt is allowed to react ulth 
dilute sulphuric acid and a known volume of 
-standard potassium iodate, potassium iodide is 
then added and the excess of oxidising agent 
determined with thiosulphate. Aminoguanidine 
forms eiy^stalline .salts with mineral acids : 
aminoguanidinivm chloride forms large prisms, 
ni.p. 163°. The sulphate, 

(CH^N^l^H^SO^H^O, 

crystallises in needles, m.p. 207-208°; the 
bisnlphate, CHgN4-HoS04, in large plates, m.p. 
161°; udth absolute sulphuric acid, amino- 
guanidine gives the sulphate [CN4Hio](HS04)4 
(Hantzsch, Ber. 1930, 63 [B], 1782). The chloro- 
platinate is yellow and insoluble, m.p. 145-146° 
(decomp.) (Thiele, Annalen, 1892, 270, 1). 
The picrate, CH^Nj-CgHgO^Ng, is precipitated 
in yellow needles from hot water. Complex salts 
of the 43750 [(CN4Hg)2Cu](N03)2 are formed 
with copper and nickel. In the case of the 
copper salt, the complex is a deep violet-blue in 
colour and is insoluble in water (Thiele, l.c.; 
Smith, J.C.S. 1937, 1354). Aminoguanidine 
forms an addition complex with thiourea (Atkins 
and Werner, ibid. 1912, 101, 1982) and with acid 
dyes it gives compounds insoluble in water 
(Suida, Z. physiol. Chem. 1910, 68, 381). 

The oxidation of aminoguanidinium nitrate 
in dilute nitric acid with KIVln04 gives a 3'ellow 
substance, azodicarbamidine, 

H2N-C(:NH)N:N-C(:NH)NH2. 

which on reduction gives the hydrazoidcar- 
bamidine. With nitrous acid, aminoguanidine 
reacts in three modes, depending on the con- 
ditions of reaction. In the presence of strong 
mineral acid, guanyl azide (N^-C(:NH)NH 2 ) is 
formed ; in solution in acetic acid the product is 
1 :3-.ditetrazolyltriazene. 


/N=N. 

® \n-n^ 


N Nv / 

il >C— NH— N=N— Cf 
N— NH^ \ 


N N 

NH— N 


(Thiele, Annalen, 1892, 270, 1 ; cf. Pinner, ibid. 
1897, 297, 258, and Ponzio and Gastaldi, Gaz- 
zetta, 1913, 43, ii, 1929; 1914, 44, i, 257, 277). 
In boiling alkaline or acid solutions, aminoguani- 
dine is hydrolysed, yielding first semicarbazide 
and finally • ammonia, carbon dioxide and 
hydrazine (Thiele, Annalen, 1892, 270, 1 ; 
Curtius, Ber. 1896, 29, 759) ; if sodium carbonate 
is used for the h3’^drolysis, semicarbazide can be 
obtained in good yield. For the toxicity and 
physiological effects of aminoguanidine, see 
Garino, Arch. Farm, sperim. 1916, 22, 229; 
Alles, J. Pharmacol. 1926, 28, 251 ; Lettes, 
Arch. exp. Path. Pharm. 1924, 103, 109 ; Amer. 
Chem. Abstr. 1924, 18, 3224 ; Z. ges. exp. Med. 
1924, 40, 52; GoUwitzer -Meier, Amer. Chem. 
Abstr. 1924, 18, 3426 ; and Nielsen and Wid- 
mark, Upsala Lakarefor. Forli. 1927, [ii], 33, 
327 ; Amer. Chem. Abstr. 1929, 23, 4973. 

The determinatipn of aminoguanidine may be 
made by a volumetric method which is essentially 


which results from the intermediate production 
of 5-aminotetrazole, 


HgN-C^ 


N N 

NH— N 


half of which is diazotised and coupled with the 
remainder (Hofmann and Hock, Ber. 1910, 43, 
1866). If an aqueous solution of sodium nitrite 
and aminoguanidine nitrate is allowed to stand 
6-7 days at 0-10°, the product is a white crystal- 
line . substance, 1 -guanyl-4-nitrosoaminoguanyl- 
isotetrazene, 

H2N-C(:NH)NH-NH-N:N-C(:NH)NH-NH-N0, 

which forms readily hydrolysable salts many of 
which are extremely explosive. For details, 
see the review by Lieber and Smith (l.c.). 
Aminoguanidine and its derivatives containing 
the group — N H ■ N H g are substituted hydrazines 
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(Sasaki, J, Agric. Chem. Soc. Japan, 1932, 8, 
417) and in the potato (Yoshimiu-a, Biochcm. J. 
1934, 274, 408). E. Ton Lippmann oktained it 
from beet juice (Ber. 1896, 29, 2645) ; molasses 
residues boiled with copper sulphate and sodium 
hydroxide yield about 0-04% guanine pentoside, 

C,Hg0,-C,H^0N„2H,0, 


(Andrh'k, Z. Zuckerind. Bolim. 1911, 35, 437). 
This is identical Trith the guanosinc obtained 
&om nucleic acid (Levene and Jacobs, Ber. 
1909, 42, 2474; Bioebem. Z. 1910, 28, 127); 
and mtb vernine (guanine-d-ribose), [a]^° —8-4° 
(Schulze and Trier, Z. physiol. Chem. 1911-12, 
76, 145 ; Smolensk!, Chem. Zentr. 1912, II, 
769). According to Levene and Mandel (Bio- 
chem. Z. 1908, 10, 215 ; see also Jones and 
Richards, J. Biol. Chem. 1915, 20, 25), guanine 
is one of the clearage products of miclcic acid, 
when the hydrolysis is effected by acetic acid in 
the presence of lead acetate at 150°; cf. Levene 
and Jacobs (J. Biol. Chem. 1912, 12, 377); 
Scaffidi (Biochem. Z. 1912, 47, 215). Guanine nu- 
cleotide, CiQHi40gN5P,2H20, has [a]^®— 13-5° 
in water and — 48-5° in 5% NH^OH solution 
(Buell and Perkins, J. Biol. Chem. 1927, 72, 21). 
It is found among the products of steam-heated 
soils (Lathrop, J. Amer. Chem. Soc. 1912, 34, 
1260). 

Guanine exists in guano partly as the calcium 
compound, partly in substances like nuclein; 
from these it is liberated by boiling for 4 hours 
with dUute sulphuric acid, the liquid is cooled 
and filtered, and the filtrate made alkaline with 
sodium hydz'o:!dde and again filtered. The 
guanine and uric acid are precipitated in the 
filtrate by the addition of ammoniacal silver 
solution, the precipitate washed with cold and 
hot water and then decomposed by hot dilute 
hydrochloric acid, the silver chloride filtered 
off, the filtrate decolorised with animal charcoal 
and the guanine precipitated by ammonia, a 
small quantity of urea m hot nitric acid is 
added, and the mixture set aside to ciystallise. 
The guanine nitrate, now free from mac acid, is 
dissolved in dilute sodium hydroxide and the 
guanine precipitated by the addition of am- 
monium chloride, this last operation removing 
the xanthine (Wulff, Z. physiol. Chem. 1893, 
17, 468). It may be precipitated as the phos- 1 
photungstate — ^for the solubility of this in a ^ 
mixture of acetone and water, see Weclislcr (Z. I 
physiol. Chem. 1911, 73, 141). 

Pischer (Ber. 1897, 30, 559) has shovai that 
guanine is 2-amino-6-oxypurine from the fact 
that imino->p-uric acid, 

/NHCO. 

HN:C< >CHNH-C0-NH2 i 

\nh-co/ 


obtained synthetically by Traube (Ber. 1893, 
26, 2551) from guanidine and ethylmalonate, 
yields, on treatment with hydrochloric acid 
(sp.gr. 1-19), at 120°, the same 2-ammo-6:8- 
dioxtjptirine. 


/NH-COC-NH. 
NHg-c/ 11 >CO 

n.MH/ 


-C-NH^ 


as is obtained from hromoguarnne, C5NsH4BrO 
(Fischer and Reese, Annalen, 1883, 212, 342) 
by the action of hydrochloric acid at 130°. 
Further, a synthetic guanine, identical in every 
wa5’' with the natural product, is obtained when 
Q-oxy-2:S-dicliloropurine is heated with alcoholic 
ammonia, and the resulting cliloroguanine 
reduced by means of hydriodic acid (Fischer, 
Ber. 1897, 30, 2226). The synthetic produc- 
tion of guanine has also been effected by Traube 
(ibid. 1900, 33, 1371) from 2iA-diamino-G- 
liydroxypyrimidine, 

^N=C-OH 
HgN.C \CH 

obtained by the condensation of guanidine and 
ethyl cyanoacetate in the presence of sodium 
cthoxide. The nitroso derivative of this com- 
pound yields, on reduction with ammonium 
sulphide, 2:4::5-iriamino-6-hydroxypyrimidine, 
which, when heated with an equivalent amount 
of sodium formate and 8-10 times its weight of 
anhydrous formic acid, is converted into guanine. 
A similar sjmthetic production of guanine from 
2 - cyanamino - 4 - amino - 6 - hydroxypyrimidine, 
obtained by the condensation of dicyanodia- 
mide and ethyl cyanoacetate in the presence of 
sodium etho.xide, forms the subject of certain 
patents of Jlerck (G.P. 158591/1903, 162336/ 
1904). 

Guanine is an amorphous powder, insoluble 
in water, alcohol or ether, but soluble in 
acids or alkalis, formmg salts of a di-acid base, 
or dibasic acid respectively. It can be obtamed 
in the form of small rhombic cr3'stals when the 
fre.shly precipitated compound is dissolved in a 
large excess of ammonia at 30-35°, and the 
filtered solution allowed to evaporate slowly 
(Drechsel, J. pr. Chem. 1881, [ii], 24, 44) ; or 
in crj'stals resembling those of creatinine zinc 
cldoride, when a warm dilute alkahne solution 
(1:2000) is mixed with about one-third its 
volume of alcohol, acidified with acetic acid and 
allowed to cool (Horbaezewski, Z. physiol. 
Chem. 1897, 23, 220). 

The administration of guanine as food to 
rabbits produces neither increase in purine 
excretion nor pathological changes in the 
kidney ; but subcutaneous or intravenous injec- 
tions of guanine dissolved in caustic soda, causes 
a great increase of purine substances, especially 
uric acid, in the urine (Schittenhelm, Chem. 
Zentr. 1902, 1, 1306 ; Schittenhelm and Bendix, 
Z. physiol. Chem. 1905, 43, 365 ; Ewald, Z. exp. 
Path. u. Ther. 1900, 2, 348), and diminishes 
the arterial blood pressure (Desgrez and Dor- 
leans, Coinpt. rend. 1912, 154, 1109 ; Benelli, 
Arch. Farm, sperim. 1914, 17, 193-215) ; seealso 
Desgrez and Dorleans (Compt. rend. 1913, 157, 
946) for the effect of injection of guanine 
previous to similar injection of adrenaline. 

Guanine is converted to the extent of 60-70% 
into xanthine when heated with excess of 25% 
hydrocMorie acid for 32 homs (Fischer, Ber. 
1910, 43, 805), and undergoes profound decom- 
position, yielding ammonia, carbon dioxide, 
formic acid and glycocoU on prolonged treat- 
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ment with concentrated hydrochloric acid at 
180-200'“ (WulfF, Z. physiol. Chem. 1893, 17, 
468). A micro-organism belonging to the class 
of coccus bacteria and found in the excrement of 
pigeons, flourishes in a culture containing 
guanine, which is decomposed into urea, 
guanidin*- and carbon dioxide (Ulpiani and 
Cingolani, Atti. E. Accad. Lincei, 1905, [rj, 14, ii, 
596) ; it is assimilated by a numbfer of moulds as 
a source of nitrogen and carbon (Kossowicz, 
Chem. Zentr. 1913, 1, 1297). 

The following derivatives of guanine have 
been described : 

Saits. — (1) Tr?7^ bases, the sodium, 

C5H30N5Na2,4H20,- 

barium, C-HgNgOBa; and copper, 

CgH-NsO-CUgO and C5H5N.O CUO, 

derivatives. (2) With acids, the hydrochloride, 
C5H2N50-HC1,H20, forms double salts with 
zinc, cadmium, mercurj^ or platinic chloride; 
hydrobromide, C5H5Ns0*HBr,2-3-H20 ; hydrio- 
dide, CgH-NgO’H I,2-1H20, forms a double salt 
with bismuth iodide ; nitrates, 

C 5 HsN 30 *HN 03 ,UH 20 ; 
C-HgN50-2HN6„2H20; 
3C5HgNg0-4HN63,4H20; and 
SCgHgNgO-SHNO,, 5^820; 

sulphate, (C5H5Ng0)2H2S04,2H20 ; oxalate, 
3CgHgNg0*2C2H204; tartrate, 

3C5HgNgO*2C4HcOe; 

dichromate, CgHgNgO-H2Cr20- ; picrate, 

CgHgNgO-CgHgNgO^HgO; 

picrolonale, C5HgN50-2CioH80gN4 ; ferri- 
cyanide, ^ {CgH5N50)4H3Fe(CN)G,6H20 ; ni- 
troprusside, 

(C5H5Ng0)2H2Fe{CN)gN0,nH20 ; 

rnetaphosphate, CgHgNgO-H P03,a;H20- 
(3) Double salts, toith mercuric chloride, 

CgH 5 N 50 -HgCl 2 , 2 iH 20 ; 

silver .nitrate, C5HgNg0'AgN03, the picrate 
of the silver salt, 

is insoluble in cold water; (c/. Unger, Z.c. ; 
Strecker, Annalen,, 1801, 118, 152 ; Balke, J. pr. 
Chem. 1893, [ii], 47, .539 ; Neubauer and Kemer, 
Annalen, 1857, 103, 268 ; WulfF, Z. physioL 
Chem. 1893, 17, 468 ; Levene, Biochem. Z. 
1907, 4, 320). Quanine-d~glucoside, 

CgH^NgO-CgHijOg, 

m.p. 298° (corr.) (Fischer and Helferich, Ber. 
1914, 47, 210). 

Alkyl Derivatives. — \-Meihylguanine forms 
a heavy colourless, crystalline powder which 


chars vdthout melting (Traube and Dudley, Ber. 
1913, 46, 3839). 1 -Methylguanine crystallises 

in slender, colourless needles which decompose 
at about 390°. 1:1 -Dimethylgimnine crystallises 
with water of crystaUisation, becomes anhy- 
drous at 100° and melts at 343-345° (corr.); 
l:l-dimethylguanine methiodide crystallises in' 
large colourless plates, m.p. 330-333°. Trimethyb 
guanine methiodide crystallises in colourless, 
slender needles, m.p. 295-300° (decomp.) 
(Fischer, Ber. 1897, 30, 2400; Traube and 
Dudley, l.c.). 

Acyl Derivatives. — Acetylguanine, 

CgH 4 Ng 0 (C 2 H 30 ), 

is ciystalline, sparingly soluble in water, alcohol 
or ether, and may be heated at 260° without 
change. Propionylguanine, C5H4ON5(C3H50), 
is crystalline, and remains unchanged when 
heated at 260°. Benzoylguanine, 

CgH40Ng(C,HgO), 

is also crystalline (Wulfi", l.c.). 

Azo Derivatives. — Guanine and other purine 
bases that are not substituted in position 7 
react with diazobenzenesulphonic acid to form 
coloured azo compounds, in which the -NrNR 
group is attached to carbon atom 8. Guanine 
and p-dichlorodiazobenzene chloride yield a 
dark red dye, which forms S-aminoguanine when 
reduced. The amino compound does not itself 
couple with diazo compounds, but can he 
diazotised at 40°, and then yields a violet dye 
with an alkaline solution of R salt (Burian, Ber. 
1904, 37, 696, 708; Hans Fischer, Z. phsyiol. 
Chem. 1909, 60, 69). This reaction has been 
applied by Amatore de Giacomo (Z. wiss. 
Jlikroscop. 1910, 27, 257) to a micro-chemical 
method for demon.strating the presence of 
guanine in the renal system of birds. 

Bromoguanine, C5H4N50Br, is a white 
ciymtalline powder, almost insoluble in water, 
alcohol or ether. It forms ciy^stalhne salts vith 
acids, e.g. C5H4NgOBr,HC), and also umtes 
with lead or sflver to form crystalline ^ com- 
pounds which, when heated with methyl iodide 
at 100°, yield bromocaffeine. Nitrous acid 
converts bromoguanine into bromoxanthine 
(Fischer and Eeese, Annalen, 1883, 221, 336). 

Deoxyguanine, 

^NH-CHyC-NH 

HgN-C I ^CH 

C-N 

is obtained when guanine is electrolyticaUy re- 
duced in 60% sulphuric acid solution ; it cry- 
stallises in microscopic needles, melts and 
decomposes at 204° and has strongly basic 
properties, combining’ with atmospheric carbon 
dioxide. It is oxidised by bromine to 2-amino- 
purine, 

^N:CH-C-NH 
HoN-C \CH 

-^n—cn^ 
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a crystalline base more readily soluble than its 
isomeride, adenine. 

Guanine-Mononucleotide, Guanylic Acid, 
has been obtained from yeast-nucleie acid as a 
M'hite amorphous powder, [ajj, —24°. Its 
brucine salt, 

CioHi408N5P-2(C23H2fiO,N„),7H20, 

lias m.p. 203° (Read, J, Biol. Chem. 1917, 31, 
47 ; Jones and Read, ibid. 337 ; Eeulgen, Z. 
physiol. Chem‘. 1919, 106, 249 ; ibid. 1920, 108, 
147 ; ibid. 1920, 111, 257). Levene has obtained 
the crystalline acid, CiqH 3408 N 5 P, 2 H 20 , from 
the brucine salt, this has [a]!,® —7*5° in aqueous 
solution ; it yields the brucine salt, 

C50H66O10N9P.7H2O, 

m.p. 233°, [a]D°— 26-0° in 35% alcohol (J. Biol. 
Chem. 1919, 40, 171 ; 1920, 41, 453). 

Tests. — ^\Varm dilute solutions of guanine 
hydro cliloride give with a saturated solution of 
picric acid an insoluble orange-red crystalline 
precipitate ; xanthine and hjqroxanthine give 
a similar reaction in very concentrated solutions 
onty (S. Capranica, Z. physiol. Chem. 1880, 4, 
233). It can be detected in animal tissue bj"- 
treating it with a solution of diazobcnzenesul- 
phonic acid (sensitive to guanine) when, on 
addition of sodium hydroxid^e (after about 10 
minutes), a red colour appears (de Giacomo, 
Z. wiss. Sliliroskop, 1910, 27, 257). 

When guanine nitrate solution is evaporated 
it leaves a yellow residue, soluble in potassium 
hydroxide with a yellow coloration. On 
evaporating the yellow solution to dryness, 
it affords first a purple, then a violet coloration, 
and on exposure to air the origuial colour returns 
(Briicke, Monatsh. 1886, 7, 617).' 

Estimation. — The formation of the insoluble 
picrate has been recommended by Wulff (Z. 
physiol. Chem. 1893, 17, 468) for the estimation 
of guanine. See also Hoppe-Seyler and Schmidt, 
ibid. 1928, 175, 304; Von Cordier, Monatsh. 
1923, 43, 525 ; Grynberg, Biochem. Z. 1932, 253, 
143 ; Engel, Z. physiol. Chem. 1932, 208, 227. 

GUANO (a. Vol. V, 63c). 

GUANOSIN DEAMIDASE (a. Vol. IV, 
315al. 

GUANOSINE (a. this Vol., p. 896). 

GUANYLIC ACID (a. this Vol., p. 163a). 

GUANYLNITROSOAMINOGUANYL- 
TETRACENE (a. Vol. IV, 542d). 

GUAR A, Cascalotte. The ground fruits of a 
variety of divi of South and Central America. 
The material contains 43-48% of tannins and is 
used as a tanning agent (CaUan, J.S.C.I. 1915, 
34, 645). 

GUAR AN A. Guarana is a dried paste 
prepared from the seeds of Paidlinia Cupana 
H.B. and K., a chmbing shrub inhabiting the 
southern and western provmces of Brazil and 
South Venezuela. Generally the ground or 
powdered seeds are moistened and kneaded into 
a paste, made into cylindrical or globular masses 
and dried before fires, in chimneys or by the 
heat of the sun." They are usually found in 
commerce in cylindrical form, 1-2 in. thick 


153 

and 5-10 in. long, with a rough, reddish-brown 
exterior and somew'hat lighter colour inside. 
They have a chocolate-like odour and a bitter 
astringent taste. In South America guarana 
is an article of food used much in the same 
manner as we employ cocoa, and in European 
medicine it is administered as a nervous stimu- 
lant for the relief of certain kinds of headache. 
For further details as to its source, preparation 
and uses, see Cooke (Pharm. J. 1871, [iii], 1, 
221) ; Hallawell (ibid. 1873, [iii], 3, 773)) ; 
Squibb (ibid. 1884-1885, [iii], 15, 165) ; Rusby 
(ibid. 1887-1888, [iii], 18, 1050) ; and Marsden 
(Ann. Trop. Med. 1898, 4, 105). 

The physiological activity of guarana de- 
pends upon the presence of caffeine (q.v.). 
Of known drugs it is the richest in caffeine. 
For methods of extraction, see Greene (Pharm. J, 
1878, [iii], 8 , 87) who extracted a mixture of 
guarana and 3 times its weight of litharge v'ith 
boiling water; C. J. Williams (Chem. Ncavs, 
1872, 26, 97) who exhausted a moistened and 
slowly dried mixture of guarana and hydrate of 
lime with CgHg; Squibb (Pharm. J. 1885, [iii], 
15, 165) and Bochefontain and Gusset (Ch. Tech. 
C. Anzeiger, 1886, 4, 322) who treated a mixture 
of guarana and magnesia with weak alcohol and 
CHCI3 success! vety. For estimation of caffeine 
in guarana, see Kremel (Pharm. Post, 1888, 
21, 101). The following percentages of caffeine 
are selected from published analyses of guarana ; 
5-10, 5-04 (Stenhouse) ; 5-05 (Greene) ; 4-20- 
5-00 (5 samples, Feemster, Pharm. J. 1883, 
[iii], 13, 363); 4-5 (B. and Gusset); 342 and 
3-80 (Kremel) ; 3-4-3-7 (Ugarte, J. Pharm. Chim. 
1921, [vii], 24, 387). Thoms (Pharm. Zentralh. 
1890, 31, 533), liowever, states that the proportion 
of caffeine in guarana has been overestimated 
and this has been confirmed b}’^ Kirmsse (Arch. 
Pharm. 1898, 236, 122), who found in 3 samples 
2-68, 2-97 and 340%, respectively. For esti- 
mation of caffeine in guarana by an iodometric 
method, see Jermstad and Ostby, Amer. Chem. 
Abstr. 1933, 27, 5146. For micro-sublimation 
of caffeine &om guarana, see Kutiak, Amer. 
Chem. Abstr. 1935, 29, 291. 

Besides caffeine, guarana contains gum, starch, 
an acrid green fixed oil, a more or less solid 
volatile oil, and tannin (Fournier, J. Pharm. 
Cliim. 1861, [iii], 39, 291). The tannin further 
examined by Greene (Pharm. J. 1878, [iii], 8 , 
328) was found to behave towards reagents un- 
like previously Icnown varieties, and the term 
paullitannic acid was therefore applied to it. 
It forms a yellowish-white amorphous mass, 
having an astringent taste. It is easily soluble 
in HgO or EtOH. By the extraction of the 
crude tannin with EtgO, crystals are obtained 
identical with those of the catechin of Pegu 
catechu (Kirmsse, l.c.). Kremel (l.c.) found 
l’3-2-0% of ash consisting chiefly of phosphates. 

A specimen of guarana examined by Kieren- 
stein, probably derived from Paullinia trigonia 
Veil., was found to contain an alkaloid, /S- 
guaranine, C 40 H 47 O 21 N 4 (?). This work was 
repeated by Bertrand and Carneiro (BuU. Soc. 
cldm.,' 1931, [iv], 49, 1093, where references 
can be found), but the above results could not 
be confirmed. 


G. B. 
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G U ATAN N I N , guaiacol-tamio-cinnamato 
(G.P. 133299). 

GUAVA is the fruit of Psidium guajava L., 
a small tropical tree or shrub grown largely in 
Central and South America. The fruit is eaten 
raw or may be preserved, or converted into the 
famous guava jelly. Other subspecies of guava 
include : 

P. cattleianwn Ndz., the strawberry guava 
of Brazil having round purplish fruit ; 

P. friedrichslhalianum Ndz., the yellow Costa 
Rican variety ; 

P. mollc Bertol. or guisaro, a smaller-fruitcd 
Mexican variety ; and 

P. guineense Sw., or P. aroQa Raddi, the 
Brazilian guava with greenish - yellow 
fruit. 


Thomson (Hawaii Agric. Exp. Sta. Rept. 1914, 
62) gives the following analysis : 



Common 

guava. 

StraAvberry 

guava. 

Solids 

17-32 

20-72 

Protein 

1-39 

1-44 

Fat 

0-43 

0-59 

Acid (as citric) 

0-51 

1-23 

Reducing sugars . 

6-04 

2-79 

Sucrose 

1-28 

3-91 

Fibre 

4-6’6 

6-46 

Ash 

0-62 

0-71 


Later records by C. D. Miller (Hawaii Agric. 
Exp. Sta. BuU. 1937, No. 77) include the follow- 
ing percentage composition : 


■m 



Ether 

extract. 



Ash. 

Acid (as 
citric). 

Ca. 

P. 

Fe. 

Common guava, 











Avhole . 

81-8 

0-7 

0-2 

7-0 

9-8 

0-5 

1-37 



0-0015 

Common guava, 
seed removed . 

84-9 

0-3 



11-9 

0-5 




0-0003 

Common guava, 
juice . 

93-9 

0-1 



5-7 

0-3 

0-88 



0-0001 

Strawberry 











guava, Avholo . 

81-7 

0*5 

0-4 

6-1 


0-6 

1-62 



0-0003 


iMillcr and Robbins (Hawaii Agric. Exp. Sta. 
■Rept. 1933, 25) report the vitamin 0 content 
of guava juice to bo approximately half that of 
orange juice. 

Guava seeds have the following percentage 
composition (Azadian, Philippine Agric. 1925, 
14, 57) : 

Pro- Olu- 

Water. loin. Fat. Tannin, cose. Starch. Fibre. Ash. 
10-30 15-25 14-30 1-38 0-10 13-25 42-40 3-0 


Solvent-extracted oil from the seeds is 
recorded by the same investigator to have the 
characteristics : 




Saponification value 
Iodine value 
Reichert-Meissl value 
Polenske value . 

Acid value . 

Volatile oil . 


0- 8243 

1- 4632 
197-1 
131-1 

0-26 

0-25 

0-55 

0-25% 


The following values for the seed oil from Indian- 
grown fruit {Psidium guajava pyriferum) are 
recorded by Varma, Godbole and Srivastava 
(Fettchem.-Umschau, 1936, 43, 8-9) : 


d2o 


Saponification value 
Iodine value 
Reichert-Meissl value . 
Polenske value . 

Acid value . . . . 

Unsaponifiable . 


0- 9365 

1- 4687 
198-7 

96-4 

0-35 

0-1 

0-4 

O- 680 /o 


Of the fatty acids of the oil 16% are saturated 
(average molecular wt. 271), and the unsaturated 
acids (84%) include oleic 55-8, linoleic 27-8 and 
linolenic acid 0-4%. 

A. G. Po. 

GUDMUNDITE. Sulphantimonide of iron, 
FeSbS, occurring as small silver-white to steel- 
grey crystals embedded in calcite. The ortho- 
rhombic crystals are isomorphous with mis- 
pickel, FeAsS, and the two minerals, very 
similar in appearance, are associated together in 
lead and zinc ore at Gudmundstrop near Sala, 
SAveden. Analysis gave S 15-47, Sb 57-31, 
Fe 26-79, Ni trace, total 99-57 (K. Johansson, 
Z. Krist. 1928, 68, 87). 

L. J. S. 

GUEJARITE («. V61. II, 518a). 

GUHR (v. Vol. lV, 2396). 

GUIG NET'S GREEN (a. Vol. Ill, 1076). 

I GULAMAN DAGAT. A seaweed of the 
genus Gracilaria (Philippine Islands) furnishing 
agar-agar (g.v.). 

GUM BENJAMIN (v. Vol. I, 615a). 

GUM FORMATION IN COAL GAS 
(v. Vol. V, 468). 

GUM MITE. An amorphous hydrated 
.uranium oxide (UO 3 61-75%) Avith some lead, 
calciurri, silica, etc. It occurs as an alteration 
product of uraninitc (pitchblende), and forms 
yelloAv to reddish-broAvn gum-hke masses, some- 
time.? enclosing a nucleus of the unaltered parent 
mineral, and at times shoAving the external form 
of the original crystal. It is found together with 
other secondary uranium minerals at Johann- 
geoi-genstadt, Schneeberg, and Annaberg in 
Saxony, in the Elias mine {elidsite) at Joachims- 
tha) in Bohemia, and rather abundantly in the 
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Flat Eock and Deake iniiics in Mitchell Co.,' 
North Carolina. A gummite from Kambove, 
Belgian Congo, is a colloidal form of curite (q.v.) 
(A. Schoep, Bull. Soc. beige. Geol. 1937, 46, 309). 

Related minerals are : Ihorogummite, 

UOg-SThOo-SSiOa-eHaO 

from Llano Co., Texas ; pilbarite, 

U03-Th02-Pb0-2Si02-4H20 ' 

from Pilbara, Western Aristralia; and ytiro- 
gummite, an alteration product of devcite {q.v.) 
from Norway. 

L. J. S. 

GUMS. It is almost impossible to give an 
accurate chemical definition of a gum. At one 
time the gums were considered to' bo carbo- 
hydrates, but it is not correct to say more than 
that these plant substances are closol 3 ’’ related 
to the carbohj'drates. The word “ gum ” is, 
in commerce, frequently applied incorrectly to a 
resin ; for example, the so-called “ varnish 
gums ” are all true resins, and have no chemical 
relationship with tlie gums. 

Most of the gums of commerce arc spon- 
taneous exudations from plants, although some 
may be extracted from a plant, using water as 
the solvent. They may be regarded as com- 
binations of metals, principally potassium, cal- 
cium and magnesium, with complex organic 
acids formed by the union of various sugars or 
allied bodies -with hexose uronic acids. 

Natural gums are characterised bj’’ either 
being soluble in water or having the power of 
absorbing a largo quantity of water to form a 
glutinous mucilage. They are precipitated from 
such “ solutions ” by comparatively small 
amounts of alcohol.. Such mucilages, when the 
water is allowed to evaporate, leave the gum 
with considerable adhesive properties and it is 
this property which is generally associatcd'mth 
the term gum. 

In the case of the better known gums, such as 
gum arabic, it may be taken that one end of the 
molecular chain consists of the residual group 
d-glucuronic or d-galactmonic acid, its carboxyl 
group being saturated by a metal. The alde- 
hyde group of the uronic acid is joined by a 
glucosidic bond to an OH group of one of the 
sugars. A number of sugar groupings are 
similarly joined to the first one', and the sugars 
may be all alilce or different. Usually at least 
two arc present. When these bodies are 
hydrolysed the principal sugars obtained are 
galactose and arabinose. According to Butler 
and Cretcher (J. Amer. Chem. Soc. 1929, 51, 
1519 ; 1930, 52, 4509) gum arabic is composed 
of 1 mol. of d-glucuronie acid, 3 mol. of d- 
galactose, 3 mol. of Z-arabinose and 1 mol. of 
Z-rhamnose. 

Too much importance should not be attached 
to the quantitative results of any analysis of a 
given gum as there is no doubt that the propor- 
tions of the sugar and acid complexes, as well as 
the amount of the mineral matters, may vary 
considerably according to season, soil or climate 
for the gum obtained from any given species of 
plant. 

Some gums contaui as many as five different 
sugar complexes, and both pyranose and fura- 


nose ring structures maj' be present. The 
sugars, hitherto isolated after hydrotysis of 
gums, are glucose, mannose, galactose, fructose, 
xylose, arabinose, rhamnose and fucose. For 
an interesting summary of the chemistiy of 
plant gums, see Hirst and .Tones (Chemistry and 
Industry, 1937, 56, 724). 

A certain number of gums are used in 
pharmacy for the preparation of pastilles, 
emollient medicines and emulsions, their 
emulsifying power being Amry considerable. In 
the arts considerable amounts of several gums 
find employment as adhesive agents, for finish- 
ing fabrics, in calico printing, ink manufacture 
and the maniifacture of water colours. Gum 
tragacanth has come considerably into fashion 
'in the manufacture of “ hair creams.” 

The value of most gums for commercial pur- 
poses depends on the viscosity of their solutions 
in water. The determination of this value is 
usually of a quite arbitraiy character. It can, 
of course, be determined on standard instru- 
ments, as in the case of oils, but in actual 
practice it is usually done by making up solu- 
tions of a satisfactory sample, and of the sample 
to bo tested, of the particular strength which the 
user employs, and allowing equal volumes of the 
two solutions to flow from the same tube tlirough 
a narroAv orifice and noting the time of flow. 
Although this is a “ rough and ready ” test, the 
results arc extremely useful for comparative 
purposes. 

. In addition to the viscosity test, the gum must 
be valued by the percentages of moisture and 
ash, and in many cases by the acid Amiue of the 
sample. Naturally, the colour, taste and odour 
of a solution of a gum are very important. An 
unpleasant odour is obviously indicative of an 
unsatisfactory gum, and the odour aauII probably 
bo found to correspond Avith its acid value. For 
many purposes it is highly important that the 
solution should be of a pale colour Avlule for other 
purj)oses colour is almost immaterial. The 
higher the amount of Avater and ash, the lower 
is the value of the gum. The average values for 
Avater and ash Avill be found under the gums 
described. 

Acacia Gum, commonly known as gum 
arabic, is amongst the best knoAvn and most 
generally used of the true water soluble gums. 
It is official in the British Pharmacopoeia, 
Avhich authority requires it to contain not more 
than 15% of moisture, nor more than 5% of ash. 
Its principal constituent is araban, which yields 
arabinose, galactose and glucuronic acid on 
hydrolysis. The mineral matter consists of cal- 
cium, magnesium and potassium. The most 
esteemed Amriety is that collected in Kordofan, 
but Mogador and Senegal gums are also of 
excellent quality. It is, in the main, the gummy 
exudation of the stem and branches of Acacia 
Senegal, although allied species also yield the 
gum. Artificial incisions are usually made and 
the bark removed. . In about 2 months the first 
eollection of gum is made. In uncultiA’'ated 
trees the gum exudes naturally. The gum exists 
in small tears, and lumps iip to the size of -a 
Avalnut. The ffagmeivts break with a vitreous 
fracture and are often quite transparent. 

Apart from the question of injuring the trees 
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purposely, it appears that the Senegal trees yield 
most gum wlien tliey are in an nnliealtlij' state, 
all attempts to improve their condition resulting 
in a smaller yield of gum . 

Gum arabic is soluble in water and is precipi- 
tated by the addition of alcohol, or by basic lead 
acetate. The closely allied gums are of little 
commercial or scientific importance. An objec- 
. tionable impurity in acacia gum is the so-called 
Ghalli gum which occurs in reddish tears or lumps 
less soluble than acacia; it is derived from 
various species of Anogeissus and the ash con- 
tains alumina and calcium pho.sphato. 

Gum Tragacanth. — This gum is used in 
pharmacy to a considerable extent as it is a 
most useful emulsifier. It is also used in manj^ 
other directions as a thickener, for cxnmjde in 
thick sauces, chutnej-s, etc. 

Tragacanth, as it is usunll.y called, is the dried 
gummy exudation obtained bj' incision from 
Aslragalvs gummifer and other species. The 
plants are shrubs indigenous to Greece, Persia 
and Turkej'. The exudation is collected and 
dried, when it forms flakes, which arc graded 
according to their colour. 

The gum is scarcely soluble in waterj but swells 
up in contact with water to a gelatinous mass. 
Traces of starch are present. It is official in 
the British Pharmacopoeia, which authority 
requires that it shall not jdcld more than 4% 
of ash, and shall not acquire a pink colour 
with a solution of ruthenium red (ammoniated 
ruthenium hydroxychloride) (absence ofstcrculia 
gum). The so-called Hog tragacanth is some- 
times present in the lower qualities of tragacanth. 
This is probably the product of a species of 
Pntmi.s. Stercuiia gum, known as Indian 
tragacanth, is obtained from Sterenlia nt-ens. 
The particles are coloured bright pink by a 
solution of ruthenium red. 

The composition of tragacanth has not been 
completely settled. According to Norman (Bio- 
chem. J. 1931, 25, 200), if a 0'1% “ solution ” be 
filtered, an insoluble portion, hassorin, remains 
on the filter, and a water-soluble jjortion, 
iragacanlliin, passes through. This, on hydro- 
lysis yields no sugar but arabinosc. Norman 
considers tragacanthin to be a compound of 
arabinose and galacturonic acid only. 

The early work of O’SuUivan on gum tra- 
gaoanth and gum gedda laid the foundation for 
a good deal of the later work (J.C.S. 1884, 45, 
41; 1890, 57, 59; 1901, 79, 1164). Prom 

gedda gum ho isolated an acid which he termed 
geddic acid, C 23 Hgg 022 , described as an isomer 
of arabic acid. 

According to the British Pharmaceutical 
Codex, 1934, the soluble portion of tragacanth 
jdelds arabinose, galactose and geddic acid, but 
this is not in agreement with the work of Nor- 
man above quoted. 

Bassorin, the insoluble portion, is probably a 
compound of bassoric acid with xylose and 
possibly a sugar to which the name tragacanthose 
has been assigned. According to von Fellenberg 
(Chem. Zentr. 1914, II, 943) bassorin contains a 
mothoxyl group. He considered that the 
bassorin acid has the formula Ci^HgoO^g, to 
which the name bassoric acid was assigned. 
Other acids are stated to be present, ! 


The numerous other gums allied to acacia and 
tragacanth are of little or no commercial 
importance. But it should be mentioned that 
species of Ceraionia yield a gum, known as 
carob gum or locust gum, which is an excellent 
substitute for gum tragacanth. 

For a description of methods for identifying 
common gums, see Jacobs and Jaffe (Ind. Eng 
Clicm. [Anal.] 1931, 3, 210; cf. Wildman, 
J. Assoc, Off. Agric. Chem. 1936, 18, 637). 

E. J. P. 

GUNARI (u. Vol. II, 439(1). 

GUN^COTTpN {v. Vol. IV, 50G&). 

GURI-GINJA (v. Vol. I, 4c). 

GURJUN BALSAM. This oleo-resin is 
the product of various species of Dipterocarpus 
of which about fifty exist in South and South- 
East Asia. One of the most important species 
is D. turhiuatus, a tree found in Bengal, Burma 
and the Andaman Islands. A sample of this 
was examined by Schiramel & Co. (Report, April, 
1913, p. 68) and found to have sp.gr. 0-981 at 
15°, and acid value 10-9. On steam distillation 
it yielded 40% of essential oil, of sp.gr. 0-927 
at 15°, optical rotation -d&V and refractive 
index 1-500 at 20°. The balsam is used to 
some extent as an adulterant of Copaiba balsam, 
but in the country of its production it is sold 
chiefly as a varnish. 

Commercial samples of the balsam have the 
following characteristics : 

Specific gravity at 15° . . . 0-960-0'985 

Acid value 10-25 

Ester value I-IO 

They contain from 40-55% of essential oij v(hich 
has the following approximate characteristics: 

Specific gravity . 0-903-0*928 at 16° ^ 

Optical rotation . Lcevorotatory up to -130 

Refractive index 1-500-T5050 at 20°. 

The oil consists largely*- of sesquiterpenes (r, 
Gukjunenes, The), The presence of gurjun 
oil (or balsam) as an adulterant can be detected, 
even in quite small amoimts, by the foUowmg 
reaction : 3 or 4 drops are added to 10 c.c. ot 
glacial acetic acid containing five drops of nitnc 
acid. In the presence of gurjun oil a redtlish- 
purple to violet colour will develop -vvitlun a 

minute. ^ _ 

E. J. P- 

GURJUNENES, THE. The oleo-resins, 
Gurjun and Copaiba balsams, obtained froiu 
various species of Dipterocarpus, yield on distil- 
tion in steam an oil from which two sesquiter- 
penes, a-gurjunene and d-gurjunene, have been 
separated (Deussen, Annalen, 1909, 369, 69, 
Deussen and PhiHpp, ibid. 1910, 374, 105; 
Semmler and Spomitz, Ber. 1914, 47, 
Semmler and Jakubowicz, ibid. 1144, 225o, 
Treibs, ibid. 1935, 68 [B], 1751). a-Chirpmene 
has b.p. 114-116°/10 mm., d^° 0-919, Wp® 1'501, 
aj) —90°, whilst ^-gurjunene, which can be free 
Jrom o-gurjunene by taking advantage of tnis 
hydrocarbon’s facile' oxidation with 
permanganate, has b.p. 120-123°/13 mm., « 
0-9348, Wjj 1-50275, +74-5°. a-Gurjunene 

is tricyclic and gives a monohydrochloride, b.p- 
165-170°/30 mm., from -which an isomeric tri- 
cyclic hydrocarbon, d^° 0-819, «d 1-502, cd 
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— 19°, is obtained by treatment with alicali. 
On li3"drogenation in presence of palladium 
black dihjdro-a-giirjiincne, d"° 0'8917, 
1-4897, Op —18° is formed, Avhilst dehydro- 
genation with sulphur juelds an azulene. 
the oxidation of a-gurjunene with potassium 
permanganate Treibs (l.c.) has obtained succinic 
acid and a tricarboxylic acid, CgHj^Og, but it is 
not yet possible to assign a structure to the 
hj^drocarbon. ^-Gurjunene, like a-gurjunene, 
is tricyclic and gives on catatytic hydrogenation 
di1iydro-p-gtirjmiene,h.'p. 120°/8mm., d”® 0-9172, 
1-4922, ap —42°. If repeatedly distilled 
over heated nickel p-eymene is formed (Treibs), 
whilst when heated under pressure at 300° for 
some hours it jdelds a-terpinene (Semmler and 
Jakubowicz). It is not improbable that fi- 
gurjunene is closety related to cedrene {q.v.) ; it 
gives on oxidation ^yith chromic acid an im- 
saturated hetoiie, m.p. 43°, b.p. 163-^ 

1G6°/10 mm., d^° 1-017, Up 1-527, op +123°, 
semicarbazone, m.p. 237°. 

J. L, S. 

GUTTA PERCHA AND BALATA 

are plant products containing appreciable 
quantities of the gutta hydrocarbon, which 
like the rubber hydrocarbon, caoutchouc, is a 
potymer of isoprene and has the formula 
(CgHgln or [— CHyCMe-.CH-CHa— ]„. At 
one time gutta percha and balata were con- 
sidered to contain dilferent, although chemically 
related, hydrocarbons, but X-ray examination of 
the purified products suggests that both contain 
the same hydrocarbon and that it is a stereo- 
isomer of caoutchouc. 

The purified hydrocarbons of rubber, gutta 
percha and balata have the same general 
chemical properties, but the differences in 
spatial configuration are responsible for differ- 
ences in physical properties which render the 
gutta and balata hydrocarbon particularly 
suitable for some purposes. At ordinarj'' atmo- 
spheric temperature gutta percha and balata 1 
are much harder and less elastic than raw rubber, 
but soften markedly on heating and at tempera- 
tures approaching 100°C. are easily moulded, 
becoming hard again when cold. 

Gutta percha and balata differ from each 
other in that they are obtained from different 
trees growing in different countries and are 
associated with different resinous materials 
soluble in acetone. 

Gutta percha is the product obtained by co- 
agulating the latex of certain species of Pala- 
quium and Payena belonging to the natural order 
Sapotacese which are natives of the JIalay 
Peninsula and Archipelago. The name is 
derived from two Malayan words “ getah ” and 
“ percha ” meaning plant juice of Sumatra. 
Balatais the product obtained by coagulating 
the latex of Mimusops globosa, a large forest tree, 
also belonging to the natural order Sapotaceaj. 
This tree is a native of many countries, among 
which are Brazil, Venezuela and the Guianas. 
Whereas gutta percha is a product of the East 
Indies, balata is chiefij’’ a product of the tropical 
region of South America. 

The principal tree yielding gutta percha of 
good quality is Palaquium gutta. A number of 


other .species of Palaquium furnish gutta percha 
of second quality, the chief of these being P. 
obovaluin, P. maingayi and P. oxhyanum. 
Species of Pa^^ena such as P. (ecrii and P. 
havilandii are also sources of gutta. 

Palaquium gutta is a large forest tree which 
usuall5’’ attains a height of about GO ft. but 
sometimes reaches a height of 150 ft. and a dia- 
meter of -4-5 ft. The latex is contained in 
isolated sacs which occur chieflj" in the inner 
laj'crs of the bark and also in the leaves. On 
making incisions in the bark the latex exudes 
and quickl3' coagulates, so that only a small 
3dcld of gutta percha can be obtained at one 
tapping. The nativ^e method of obtaining gutta, 
therefore, is to fell the trees and ring them at 
intervals of from 9 to 12 in. The latex exudes 
into the incisions where it quickJ3' coagulates 
and can be rolled off on a stick or removed ^vith 
a knife. The amount of gutta percha obtained 
per tree hy tiie natfv'e method has been variously 
stated, but it may be as much as 10 lb. per tree. 

Owing to the serious destruction of the trees 
involved in the native method, attempts were 
made as long ago as 1845 to establish planta- 
tions and to collect the product by tapping 
the standing trees, but the 3rield was too 
small. Eventually meehanical methods were 
evolved for extracting gutta percha from leaves 
and twigs and a number of plantations, the chief 
of which is in Java, have now been established. 
The leaves hang on the branches for 10 to 18 
months and are harvested when they are on the 
point of falling because they are then richest 
in gutta (2-G-2-7%). The average pez-iod 
bet%veen two picking rounds is about 40 da3's 
and the yield of gutta is about 250 lb. per acre 
per annum. 

In order to separate the gutta percha the 
leaves arc cut up, crushed and finally ground to 
a powder which is then mixed with water and 
allowed to ferment, after which the mixture is 
diluted with warm water and heated to 70°C. 
It is then poured into cold water when the leaf 
fibre sinks to the bottom and the flakes of gutta 
percha, being lighter than water, are easily 
removed. The flakes are subsequently pul- 
verised in cold water, washed in hot water and 
pressed into blocks. 

The crude plantation product contains about 
90% gutta hydrocarbon as compared with 
about 80% in the best of the wild grades. A 
still purer grade is prepared on the plantation 
by extracting the crude product udth cold 
petroleum spirit to remove resins and then dis- 
solving the gutta in hot spirit and treating with 
bleaching clay to remove pigments. On cooling 
the gutta is precipitated as a white, snow-like 
mass containing less than 1% resin. The 
residual spirit is removed by steam distillation 
under a vacuum. This purified gutta readily 
Oxidises when exposed to air and is therefore 
stored in evacuated tins or is treated with an 
antioxydant, such as p-toluidine, and stored in 
the dark or under water. This highty purified 
gutta is in considerable demand for the outer 
cover of golf balls for which purpose it is usualty 
mixed -with a little rubber during manufacture. 

Like gutta percha, balata was first obtained 
I by felling the tree, but is now obtained .by 
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tapping, a series of incisions being made in the 
bark so arranged that the latex can run down 
to the base of the trunk where it is collected and 
poured into shallow dishes. This latex is 
remarkably stable, but on exposure to sun and 
air it coagulates and forms sheets which are 
hung to dry in the air. In some districts these 
sheets are pressed into blocks. Sheet balata is 
produced chiefly in the Gm'anas, and block balata 
in Venezuela and the Amazon districts. 

The latex of balata trees usually flows freely, 
and, in favourable circumstances, the yield from 
a tree 15-20 in. diameter, tapped to a height of 
8 ft., is about 3 pints, representing from 1^ to 
2 lb. of diy balata. 

The commercial brands of gutta percha and 
balata vaiy considerablj’’ in quality according to 
their origin. The quality mostly depends upon 
the hj’-drocarbon content.’ With the exception 
of the specially purified product already 
described, commercial material contains con- 
siderable quantities of naturally-occurring resin, 
as well as small quantities of foreign matter such 
as bark and sand. Good qualities of Avild Pala- 
quium gutta contain about 20% of resin, but 
balata usually contains 35-50%. For industrial 
purposes it is necessaiy to clean the commercial 
material b3* softening in hot water, washing in a 
masticator and straining through a fine gauze, 
after which it is dried by kneading* and mixing 
under a high vacuum. For the manufacture of 
golf-baU covers, a solvent process, similar to 
that used on the gutta plantations, is emploj^ed 
to obtain a specially purified material. 

The gutta hj'drocarbon is a hard, homj^, 
tough Avhite substance Avhich progressively 
softens on heating until at 100°C. it becomes soft 
and sticky, rapidlj'^ regaining its original hard- 
ness on cooling. When heated strongly in air 
it decomposes and bums Avith an odoim cha- 
racteristic of burning mbber. When destruc- 
tively distilled it yields a mixture of hydro- 
carbons, including isoprene, similar to those 
obtained by the distillation of rubber. The 
gutta hydrocarbon exists in two forms, the 
a-form being stable beloAV about 68°C., changing 
to the j3-form above that temperature. The 
hydrocarbon usually occurs in the yS-form and is 
converted into the a-form by heating at tem- 
peratures beloAV the transition point. The 
^-form is somewhat harder and slightly more 
dense and more soluble than the a-form. At 
normal atmospheric temperature the change , 
from the metastable jS-form to the stable a-form | 
is so slow as to be negligible, but occurs in a few 
hours at 60°C. (J. K. Dean, Trans. Inst. Rubber | 
Ind. 1932, 8, 25). A-ray examination shows 
that gutta has a crystalline structure and that 
it is probably a traiia-isomer of caoutchouc. 
(For a rcAueAV of the subject, see DaAus and 
Blake, “ Chemistrj^ and Technology of Rubber,” 
Reinhold Publisliing Corporation, jS'cav York, 
1937, p. 120. The density of the hydrocarbon 
varies from 0-945 to 0-955 at 24°C. according to 
source and treatment. 

The purified hj’drocarbon is insoluble in ether, 
acetone, alcohol and cold petroleum spirit and 
is completely soluble in carbon disulphide, 
chloroform, carbon tetrachloride and hot 
petroleum spirit. In general it is soluble in 


most aromatic hydrocarbon solvents, hot 1= 
insoluble in saturated paraffin hydrocarbons 
Avhen cold, becoming soluble on heating. 

Gutta is not affected by Aveak mineral acids, 
strong hj'drochloric or acetic acids, but is 
readily attacked by strong nitric or sulphuric 
acids. It is particularly resistant to hydro- 
fluoric acid for Avhich it is used as a container. 

Gutta contains one double bond for each 
CgHg group -present and forms addition pro-, 
ducts Avith hfdogens or nitrogen oxides closely 
resembling those prepared from rubber. Like 
rubber it sloAvly absorbs oxj^gen when exposed 
to air and light, and in the process the gutta is 
converted into a brittle resin. Gutta is not 
energetically attacked, however, by ozone, bnt 
it reacts in solution forming an ozom’de Arhich 
yields decomposition products similar to those 
from caoutchouc ozonide. The oxidation of 
gutta is of commercial importance since special 
precautions are required to prevent the deteriora- 
tion of purified material. This deterioration is 
markedly accelerated by light and is retarded 
by the resins natirrally occurring in the un- 
pmified material. 

Gutta is highly resistant to water, the purified 
material absorbing less than 0-2% over a period > 
of 2 years. 

Like rubber, gutta percha and balata can be 
ATilcanised AA-ith sulphur and also by benzoyl 
peroxide and by 7n-dim'frobenzene, but the 
mechanical properties of the product are inferior 
to those of vulcanised rubber. 

Analyses of commercial gutta percha and 
balata are necessary to assess quality, the most 
frequent determinations being resin, dirt and 
moisture. Moisture is usually estimated by 
heating in nitrogen at low pressure ; dirt 
(including protein) by dissolving in benzene and 
filtering ; and resin by extracting Arith hot 
acetone. Gutta hydrocarbon can be estimated 
by difference or by precipitation of the acetone- 
extracted material from filtered benzene solu- 
tion by pouring into alcohol. The percentage 
composition of several representative samples of 
gutta percha and balata examined at the Im- 
perial Institute or by Obach (J. Soc. Arts. 1897, 
46, 125) is given in the table on the next page. 

In comparison Avdth these figures the foUoAVing 
analysis of leaf gutta from Java is of interest, 
viz. gutta 79, resin 7, dirt 4, moisture 10 (Ivan 
Lennap, India Rubber J. 1923*, 65, 367). 

The resinous bodies associated AAuth the gutta 
hydrocarbon in gutta percha and balata are 
complex oxygenated substances. They AA'cre 
separated by^ Payen in 1852 into two portioM- 
(1) a crystalline Avhite resin, soluble in hot but 
insoluble in cold alcohol, which he named 
albane ; (2) an amorphous yellow resin soluble 
in cold alcohol, AA-hich he named fluavile. R 
uiilikely that these are pure substances and i 
has been shoAA-n that the resin contains appreci- 
able quantities of a- and j3-amyrin esters {such 
as acetate), phytosterols such as lupeol, fats 
and fatty acids. 

The introduction of gutta percha into com- 
merce dates from 1843 Avhen specimens Averc 
forAA-arded to London independently’^ by* tAVO 
doctors resident in Singapore, William 
Montgomerie and Jose D’.&meida, and the 
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Vaiiety. 

Source. 

ttutta. 

llcbin. 

Protein 
and (oi) 
dirt. 

Moisture. 

Ash 

(included 
in dirt). 

Geta taban merah ^ . 

Palaqninm gutta 


13-9 

1-2 

14-8 

0-95 


ii if 


13-4 

8-1 

10-2 

0-89 

„ „ putih . . 

Uncertain 



7-4 

7-5 

0-72 

„ „ chaia . 


52-0 


3-4 

1-2 

1-Gl 

Geta Sirapor . 

Palaquhim maingayi 

44-9 

45-5 

8-4 

1-2 

2-13 

„ taban Sutra - 

„ gutta 

84-3 


3-7 

1-3 

— 

„ sundek “ . 

Payena. leerii 

43-9 

37-G 

5-1 

13-4 



Sheet balata . 

Britisii Guiana 

60-3 


3-8 

1-9 

0-G 

Block balata , 

Venezuela 



8-3 

1-8 

1-28 

Balata 

Mostly British Guiana 

41-5 

34-8 

9-9 

13-8 

— 

if * • - • . . 

Dutch Guiana 

43-5 

3G-9 

14-3 

6-3 

— 


^ Obtained by taiiping standing trees. - Analyses by Obaeli. 


remarkable properties of the material at once 
attracted attention. At a meeting of the Royal 
Society in 1845 William Siemens suggested 
that ,it would make a suitable insulator for 
underground telegraph wires and in 1847 liis 
brother Ernst Werner von Siemens employed 
the material for this purpose. In 1849 two 
experimental lengths of submarine cable in- 
sulated with gutta percha were laid at Folke- 
stone by Walter Breit. 

The first submarine cable was not a success, 
but many thousands of miles have now been 
successfully laid, nearly all of them insulated 
with gutta percha and a few with balata. The 
use of gutta percha for submarine cables is 
based on the ease with which it can be extruded 
when warm, its low water absorption, good 
electrical properties and the ease of effecting 
repairs. Submarine cables are made by warm- 
ing the gutta on hpt rolls and feeding it to a- 
hot extruding machine wliicb forces it through 
a die over the metal conducting core, after 
which the cable is passed into a tank of cold 
water and rolled on to drums. 

The second commercial use of gutta percha 
in order of importance is for the outer cover of 
golf balls. For this purpose balata is dissolved 
in hot solvent and a purified gutta precipitated 
on cooling ; this is freed from solvent and i 
mixed with a little rubber and a white j)igmcnt I 
on mixing rolls before moulding to the required 
shape. Owing to its excellent quality purified 
gutta supplied by the plantations has now largely 
replaced that previously obtained from balata. 

Large quantities of balata were at one time 
used for the manufacture of belting, but this 
has been replaced to a great extent by rubber 
on account of cost. 

Among the well-lmown substitutes for gutta 
percha for the insulation of submarine cables 
are Para gutta and K. gutta. They consist 
of mixtures of purified balata, deproteinised 
rubber and hydrocarbon wax or petroleum jelly. 

Small quantities of gutta percha are also used 
as an adhesive, the best known being Chatter- 
ton’s compound which is a mixture of gutta 
percha, Stocldiolm tar and resin. 

G. M. 

GUTZEIT’S TEST (v. Vol. I, 4706). 

GUVACINE {v. Vol. I, 468a). 

GUVACOLINE (v. Vol, I, 4686). 


GUYACAN. A tanning agent obtained 
from the seed-pods of Gaesalpmia mdanocarpa 
Griscb, of the Argentine. 

» GYNERGEN ” (v. Vol. IV, .3306). 

GYNOLACTOSE {v. Vol. I, 242a). 

“ GYNOVAL.” isoBornyl zsovalevate (“hp- 
sleroV’), b.p. 132-138712 mm. Used as a 
sedative. 

GYROLITE (a. Vol. II, 227c). 

GYPSUM (Fr. Gypse ; Ger. Oips ; Ital. 
Gesso). A common mineral composed of 
hydrated calcium sulphate, CaS 04 , 2 H 20 , 
crystallising in tlic inonociinic system. The 
name selenite is sometimes .applied to tlio clear 
crystallised v.arioty, satin-spar to the finely 
fihrom variety, and alabaster (q.v.) to a compact, 
marble-hko variety used for carving. The low 
degree of hardness (no. 2 on the scale) is a very 
characteristic feature ; the mineral can be 
readily scratched with the finger-nail. Sp.gr. 
2-32. The miner.al is usually white, but some- 
times grej'ish, yellowish or reddish ; and the 
glistening cleavage surfivees are usually con- 
spicuous on a broken surface. The crystals 
possess a highly perfect cleavage in one direction 
p.arallcl to the plane of symmetry,- on the 
smooth, bright cleavage surfaces the lustre is 
pearly, and coloured bands (Newton’s rings) 
are often to bo seen. Cleavage flakes are 
flexible but not elastic (thus differing from mica), 
and when bent a fibrous cleavage is developed 
parfillel to the faces of a pyramid : this fibrous 
cleavage is seen as silky striatiohs on the 
principal cleavage, and is a very characreristic 
feature of gypsum. 

Single crystals of gypsum, with a rhomb- 
shaped outline, are of common occurrence em- 
bedded in clays. Fine groups of water-clear 
c^stals are found in the sulphur mines of 
Sicily, the salt mines of Bex in Switzerland and 
in many other localities. , Enormous crystals, a 
yard in length, have been found in a cave in 
Wayne Co., Utah. Various types, of twinned 
crystals are of common occurrence. The 
deposits of-massive gypsum, such as are mined 
for economic purposes, occur as thick beds and 
nodular masses in sedimentary rocks of various 
geological periods. Those of the midlands of 
England are interbedded with the red marls 
and sandstones of Triassic age ; those worked 
near Battle, in Sussex, belong to the later 





IGO 


. GYPSUM. 


Purbeck beds; many of the deposits of the 
United States are of Paltcozoic (Silurian, 
Uevonian and Carboniferous) age; Avhilst the 
important deposits in the Paris Ijasin are of 
Tertiary (Eocene and Oligoccne) age. These 
more extensive deposits of gypsum have been 
formed by tlie evaporation of water in inland 
lakes and seas ; and they are often associated 
with beds of rock-salt. The mineral has, Iiow- 
ever, in many cases originated by the action of 
water containing sulphuric acid and soluble 
sulphates (produced by the weathering of iron- 
pyrites and other sulphides) on limestone and 
other calcareous rocks. It is also formed by 
the action of volcanic vapours on the surround- 
ing rocks. 

The output of gypsum in England amounts 
to about a quarter of a million tons per annum ; 
about half of this amount is mined in Notting- 
hamshire, considerable quantities in fStaiford- 
.shire, )Sussex and Cumberland, and less in 
Derbyshire, Yoi'kshire, Westmorland and 
Somersetshire. The value ranges from G to 10 
shillings per ton. In France, the output 
reaches million tons per annum, and about 
the same amount is produced in the Um'ted 
States. Nova Scotia and New Brunswick are 
also large producers. The French gypsum is 
remarkable in containing some admixed calcium 
carbonate and soluble sUica, and for this reason 
it makes a harder plaster. 

The principal use of gypsum is for the manu- 
facture of plaster of Paris (a. Vol. II, 129-132), 
stucco and various kinds of waU-plasters and 
cements. Hence the popular name plasler-stone. 
The employment of plaster of Paris for making 
the moulds in the potteries has given rise to the 
name potter's stone for gypsum. In the tin-plate 
industry gypsum is used for polisliing the plates ; 
and it is added to water to give permanent hard- 
ness in brewing. The coarser grades of material 
are used as fertilizers (land plaster). Alabaster 


is used for carvings for inside decorations ; and 
satin-spar is cut as beads and other small 
personal ornaments. Under the names “terra 
alba,” “ annaline ” and “ satinite,” ground 
gyp-sum is used for adulterating paints, or 
sometimes as a legitimate constituent under 
specification, and as a mineral loading in the 
manufacture of paper (a. Cai.ci0m). 

lieferences. — R. W. Stones, “ Gypsum Pro- 
ducts, their Preparation and Uses,” U.S. 
Bureau of Mines, 1918, Teclmical Paper 155; 
D. C. Winterbottom, “ Gypsum and Plaster of 
Paris,” Dept, of Chem. South Au.stralia, 1917, 
Bull. No. 7 ; Special Reports on the ilineral 
Resources of Great Britain, Mem. Geol. Survey, 
3, 2nd ed., 1918. ; “ Gyp.sum,” Imp. 5Iin. Res. 
Bur. London, 1923 ; G. I. Adams and others, 
“ Gj'psum Deposits of the United States,” Bull. 
U.S. Geol. Survey, 190f, No. 223; W. P. 
Jennison, “ Report on the Gypsum Deposits of 
Maritime Provinces,” Canada, Dept. l^Iines, 
1911, Publ. No. 84; L. H. Cole, “The Gypsum 
Industry of Canada,” Mines Branch, 1930, 
No. 714 ; B. Wasserstein, “ Gypsum in the 
Union of South Africa,” Bull. Dept. Mines, S. 
Africa, 1935, No. 3. 

L. J. S. 

GYROPHORIC ACID, occurs in UmhilU 
carta pustnlata Hoffm., Gyrophora species and 
other lichens. It has m.p. 220° (decomp.). 
The structure of gyrophoric acid was first cor- 
rectly postulated by Asahina and Watanabe 
(Ber. 1930, 63 [B], 3044) 


Me 


Me 



^CO-O 





and shortly afterwards confirmed by synthesis 
{ibid. 1932, 65 [B], 938 ; Asahina and Yoshioka, 
ibid. 1937, 70 [Bj, 200). 
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HAAS-OETTEL CELL (Vol. Ill, G5d). 

HACKLING (Vol. II, 11a). 

H/BWl (this Vol., pp. 164&, 165c). 

H/EMAROGEN,” H/EMOL.” Tradenames 
for albuminates of iron used as non-irritant 
assistants in the treatment of anaemia and 
chlorosis. These materials are frequently pre- 
pared from haemoglobin (Massatsch, Apoth.- 
Ztg. 1928, 43, 1307 ; sterilisation, Kirillow, 
Problems Nutrit. (Russ.), 1936, 5, No. 3, 55) 
though they then differ markedly from the iron 
compounds prepared from albumin. The term 
Jisematogen was also applied to albuminates pre- 
pared by Bunge from egg-yolk and liver (Z. 
physiol. Chem. 1884, 9, 49 ; 1886, 10, 453). 

H/EMATi N (this Vol., p. 164). 

HyEMATINIC ACID (this Vol., p. 162&). 

HyEMATITE or H EMATITE.. A mineral 
consi-sting of ferric oxide (FegOa), crystallising 
in the rhombohedral system, and an important 
ore of iron (Fe 70%). According to whether 
it is crj'^stallised, massive, or earthy, it varies 
considerably in external appearance. In all 


cases, however, the mineral gives a characteristic 
broAvnish-red streak or powder ; and it is on 
account of this colour (resembling that of dried 
blood) that the mineral receives its name haema- 
tite, meaning, in Greek, blood-stone. The sp.gr- 
of the crystals is 5-2, but of the compact and 
earthy varieties it may be as low as 4-2 ; hard- 
ness 6 (except in the soft, earthy varieties). 

The crystals are iron-black Avith a brilliant 
metallic lustre, and they vary from rhombo- 
hedral to tabular m habit. This variety is 
distinguished as iron-glance, specular iron or 
specularite ; or, Avhen the crystals are thin and 
scaly, as micaceous iron-ore. The compact 
varieties are distinguished as red iron-ore or rec 
haematite. These sometimes exhibit a fibrous or 
columnar structure and a nodular surface, being 
then knoAAm as kidney iron-ore; or, when the 
fibrous structure is so marked that the mineral 
breaks into rods, as pencil-ore. In these cases, 
the' material is often dark-red Avith a dull surface, 
but sometimes it may be iron-black with a sub- 
metalhe to metallic lustre. Earthy, ochreous 
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varieties are brighter red in eolour, and arc often 
mixed with clay and other iinptirities ; tliese are 
known ns reddle, ruddle and red irnii-frotli. 

llicinatitc occurs under a variety of eondirions. 
Tlie best crystals are found in connection with 
metaniorjohic silicate roclss and in mineral-veins, 
whilst the extensive masses of red iron-ore occur 
as bedded deposits in sedimentary rocks, often 
in association with limestone. The deposits on 
the east coast of the island of Elba, which have 
been extensively worked since the time of the 
Eomans, consist of specular iron, whilst those 
of west Cumberland and north Lancashire, 
filling largo irregular cavities in limestone, con- 
sist of red iron-ore and kidney iron-ore. 

Besides being used as an ore of iron, Incma- 
tito, in its harder, compact varieties, is used, to 
a limited extent, as a gem-stone, and it was the 
material employed for some of the ancient 
Babylonian c3dinder-scals. The pcncil-oro of 
Cumberland is cut and polished for mounting on 
scarf-pins, etc., and for the burnishing tools 
used by jewellers and bookbinders. Oclircous 
varieties arc used as a polishing material, and 
for making red paint and red pencils. 

L. J. S. 

HyCMATOGEN (Vol. TI, 22a). 

H/EMATOPORPHYRIN (Vol. If, 21a; 
this Vol., pji. 1G16, lG2d). 

H/EM I N , C34H3204N4FeCI . Hoppc-Seylcr 
(Virchow’s Arch. I8G2, 23, 440; 1804, 29, 23.3) 
first recognised that the red pigment of the blood, 
for which ho proposed the name hrcmoglobin, 
consisted of a protein combined with a coloured 
substance, heimalin. Tcichmann (Z. Rat. Med. 
1857, 8, 141) obtained this pigment in a crystal- 
line state by acetic acid hydrolysis of blood. 
This pigment, hieynin, can bo readily obtained 
from blood by a modification of Tcichmann’s 
procedure. 

Preparation . — 200 c.c. defibrinated blood is 
added di’opwiso with stirring to 1 litre 90% acetic 
acid containing 1 g. NaCl, at90-95°C. After a 
further 15 minutes at this temperature the mix- 
ture is allowed to cool slowly. Three days later 
the crystals are filtered off through cloth and 
washed -with rvater, alcohol and ether, 1 g. 
htomin is obtained. When carried out on a 
micro-scale this reaction serves as a medico- 
legal test for blood. A small drop of blood, or a 


little dried blood plus a small droji of water, and 
a trace of NaCl arc mixed on a microscope slide 
and evaporated to diyness. A cov^cr-slip is 
placed over the residue and a drop of glacial 
acetic acid run beiujath it. 'J’hc slide is rvarmed 
until gas bubbles appear and is then allowed to 
cool. The warming is repeated with a second 
drop of acetic acid and, when cool, the character- 
istic crystals of hajinin can bo recognised under 
the microscope. 

Properties . — Hmmin is obtained as brown or 
black rhombohcdral needles or plates with a 
strong jjalc-bluc reflex. It is insoluble in water, 
alcohol, ether and dilute mineral acids, but is 
readily soluble in pyridine, in caustic alkali and 
in alkali ca^’bonates. Concentrated HjSO^ 
removes iron with the formation of porphyrin. 
H.'cmin sinters at 240°C. but docs not melt below 
300°C. (Eischcr and Orth^). 

I. Cur.msTiiy of H^emin and the 
Ponvirj'RiN.s. 

The chemical structure of hremin, based on the 
work of Hans Eischcr and his school, is given in 



Eig. 1. Ha;min dissolves in alk.ali jdelding a 
g^een-bro^vn solution of ‘alkaline hxmatin ( — Cl 
replaced by —OH). When now treated with a 
slight excess of HCI the colour changes to red- 
brown and a bro^vn precipitate of acid ha3rnatin 
is formed. In presence of a x)rotectivc colloid 
{c.g. protein, gum arabic) the acid hoematin 
remains in colloidal solution (see Section II). 
If hajmin is allowed to stand several days in 
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presence of an excess of glacial acetic acid 
saturated with HBr, the iron is removed and a 
purplish solution of dihromohsemaloporphyrin 
hydrohromide is obtained in which the vinyl 
groups are replaced by — CHBr-CHg. Ciystal- 
lisation from HCI yields the hydrochloride of 
h.'omatoporphyrin [ — C H ( O H ) C H 3] from which 
the free base is liberated by sodium acetate 
Von. VI.— 11 


(Plimmer ®). On heating in a vacuum, 
hajmatoporpliyrin loses 2 mol. of water and 
yields protoporphyrin. The term protohsemin is 
similarly used to characterise the Inemin from 
blood (h^g. 1 ) with its characteristic substituents 
in the pyrrole nuclei. 

The chemical structure of hremin and the 
porphyrins is based largely on the synthetic 
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work ""of Hans Fischer and his collaborators.] 
The problem is greatly comphcated by the large i 
number of isomers theoretically possible by re- 
arrangement of groups in positions 1-8 (Fig. 1). 
In the case of mlioporpliymi, where the ^^nyl 
and propionic groups are replaced by ethyl 
groups, there are four possibilities and the 
naturally occurring porphyrins and derivatives 
can be grouped into two of the four classes 
(Fig. 2). Thus, while natural protohsemin is 
invariably of class 3, coproporphyrin and uropor- 
phyrin, which occur in urine and fajces; have 
been identified in both the 1 and 3 forms. The 
bro-wn pigment of hen’s egg-shell is proto- 
porphyrin 3. Fischer has been able to synthesise 
aU four forms of these and of many other por- 
phyrins. The structures (class 3) of the. com- 
moner porphyrins are summari.sed in Table I. 

The different porphyrins, as well as the four 
classes of each porphyrin, can be distinguished 
by means of their absorption spectra in acid and 
in alkahne solutions (Oppenheimer,^ p. 400; 
Fischer and Orth,^ Vol. II). The bile pigments 
{q.v.) are derived from the porphyrins by oxida- 
tive degradation to linear tetrapyrrolic com- 
pounds (replacement of one methine group by 
two -OH). 

Degradation of Porphyrins . — ^Nencki and 
Zaleski (Ber. 1901, 34, 997) heated hsemin with 
HI in glacial acetic acid, steam distUled the 
residue in presence of excess of alkali and ob- 
tained an oil, “ haemop 3 TTole.” Later workers 
were able to fractionate the oil into four pj'rroles 
(I-IV, R = Et) while from the residue were 
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isolated the four corresponding propionic acids 
(R=CH 2 *CH 2 'C 00 H). Kiister and Weller 
(Z. physiol. Chem. 1917, 99, 253) obtained 
hEematinic acid (V, R=CH 2 -CH 2 -COOH) by 
oxidation with chromic acid, while a similar 
oxidation of mesoporphyiin yielded hsematinic 
acid and methylethylmaleimide (V, R = Et). 
The absence of the latter compound in the oxida- 
tion of protohaemin indicates that the un- 
saturated groups replace the C 2 H 5 groups of 
mesoporphyrin. Evidence of unsaturation had 
previously been obtained by WiUstatter and 
M. Fischer {ibid. 1913, 87, 440) who prepared an 
addition product with HBr which was readily 
hydrolysed to hsematoporphyrin. Fischer sub- 
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sequenfcly transformed hoomatoporpliyrin into 
protoporph5mn by lieating in vacno. 

As early as 1912 Kiisfcer proposed a formula 
for hsemin identical with Fig. 1 except that CH3 
groups occupied positions 1 and 4 while the 
arrangement of the four vinjd C atoms was left 
indeterminate. Subsequent fonuulre proposed 
by WiUstatter and by Fischer were based on a 
tetrap5wrylethylene structure, but the present 
formula was establislied by Fischer and Stangler 
(Annalen, 1927, 459, 64) by synthesis of the 
corresponding mesoporph5win (Fischer and 
Orth,i pp. 364-370). 

Synthesis of Porphyrins and of Proiohsemin . — 
The synthesis of liajinin \na deuteroporph3a-in is 
typical of the methods of porphyrin synthesis 
evolved b}’- Fischer. 3;o-Dimethylpyrrole-2-al- 


dehyde, VI, is condensed with •2:3-dimethyl- 
pyrrole, VII, in presence of alcoholic H Br to yield 
the basic component VIII. Carbethox3"crypto- 
pj^rrolecarboxylic acid, IX 

■ (Pr=CH2-CH2-COOH) 

is brorainated and condensed with itself (HBr 
in acetic acid) giving X which is hydrolysed 
and brominated to jdeld the acid component 
XI. By autoclaving in presence of H Br/glacial 
acetic acid, VIII and XI, condense to deutero- 
porphyrin, XII. Acetylation in positions 2 
and 4 followed by reduction gives hajina- 
toporidijTin from which jirotoporphyrin is 
obtained by heating in vacuo. Treatment of 
protoporphj'Tin with ferrous chloride and 
sodium acetate gives rise to protohtemin' 
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In positions 2 and 4 H -^.-CO-CHg •CH(OH)CH3 -> -CHcCH, 


(Fischer, Naturwiss. 1929, 17, 611). Although 
the iron of protohajmin is in the trivalent state 
it is necessary to use a ferrous salt in the last 


reaction. In presence of air some ferric iron is 
always present and the reaction proceeds as 
follows : 


N N 

H H 


-t-FeCl2-l-2CH3-COONa -> 2CH3-COOH-f2NaCl+ 

\ /■ 

\/\/ \/X/ 

N N > -pFeCIg-^ N- N -}-FeCl„ 

\ / \ / 

Fe Fe 

Cl 
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For fuller details of porpliyriu synthesis, see 
Fischer and Orth,^ vol. II. For preparation of 
the intermediate compounds VJ, VII and IX, 
see Fischer and Orth,^ Vol. I. 

The parent substance vrith H atoms in 

positions 1-8 has been prepared by Fischer and 
^leim (Aiinalen, 193.5, 521, 157) by heating 
pyrrole-a-aldehj’de ^t hformic acid, and by Stem 
and Slolrig p. Amer. Chem. Soc. 1936, 58, 625) 
by condensing pjuTole and formaldehyde in 
methanol solution- Porphin behaves as a normal 
porphyrin and forms a hfemin in the usual vray. 

Porphyrins can be characterised not only by 
their absorption spectra but also by the “ hydro- 
chloric acid number.” This property 'vras 
defined by TVillstatter as the concentration of 
> HCl, expressed as a percentage, necessary to 
■ extrac-t two-thirds of the porphyrin from an 
equal volume of ethereal solution. This principle 
can be applied to the fractionation of porphyrin 
mixtures (Zeile and Ran, Z. physiol. Chem. 1937, 
250, 197). A red fluorescence in ultra-violet 
light at very high dilution, especially in acid 
solution, is characteristic of porphyrins. 

Porphyrins form metallic derivatives with a 
large number of heavy metals in addition to iron 
(e.g. silver, copper, tin, aluminium, manganese. 


cobalt, nickel). The iron, manganese and cobalt 
derivatives can be reduced to autoxidisable com- 
pounds, involving change of valencx-, and the 
ferrous derivatives combine with CO. To this 
class belongs the red pigment tiiracin or copper 
uroporphyrin which occurs in the wing feathers 
of the turaco {Musophagidee). The pigment is 
readily extracted by dilute alkali, and the fact 
that it is slowly extracted by water indicates 
that the pigment may be produced as a means 
of excreting porphyrin (Cburcb, Proc. Eov. Soc. 
1892, 51, 399 ; Keilin, ibid. 1926, B, 100, 129). 

II. Reactions oe PLexiatex wtith Obga^vtc 
Bases a:xd Peoteess. 

The reaction between hsematin and organic 
bases is of particular interest as tbe residting 
compounds may serve as spectroscopic models 
of the natural hEem-protein catalysts (e.g. 
haBmoglobin), and also provide a simple means of 
estimation of haematin in tissues by spectro- 
scopic comparison xvitb standard solutions of 
hEemin. Fig. 3 summarises the inter-relation- 
ships of these compounds and their relationship 
to hEcmoglobin. For further details, see Keflin 
(I.C.). 



When treated with pyridine (or other organic 
bases) hsematin forms an addition product 
parahsernatbu The solution becomes greener, 
but the diffuse absorption spectrum is not greatly 
changed. However, if the solution is now re- 
duced (Na^SgO^), the colour changes to pale 
red and the resulting Jisemochromogen has two 
sharp absorption bands at 5590a. and 5257a.; 
tbe former being more intense. Hill and Holden 
(Biochem. J. 1926, 20, 1326) and later Anson 
and 3Iirsky (.1. Gen. Pbysiol. 1930, 13, 469) suc- 
ceeded in separating the protein-of i®moglobin, 
or globin, from the hsemaiin without denaturing 
the former. By adding this globin to an alkaline 
eolution of protohEemin, rnethaimoglohin was ob- 
tained (.^ee Section VI) which was reduced to 
hEcmoglobin. Globin has also been added to a 
, number of other hEemins, and of the resulting | 


artificial hEcmoglobins some exhibited the cha- 
racteristic property of oxygenation. MetliEcmo- 
globin may be prepared Meetly from oxyhEerao- 
globiu bj* oxidation of the ferrous iron with 
K3Fe(CN),. During this reaction the com- 
bined oxygen of oxyhmmoglobin is liberated and 
the distinction between oxidation and oxygena- 
tion is clearly demonstrated. 

If the mild procedures described by the above 
authors are not followed the protein becomes 
denatured, and a parahEematin or hEemoehromo- 
gen is formed according to the valency of the 
iron. Thus if blood is boiled, the hEemochromo- 
gen spectrum appears ; if treated with alkali and 
dialysed against water, parahaamatin is formed. 

' All the ferrous compounds of Fig. 3 combine 
reversiblj' with CO, the absorption spectrum 
changing in each case. With haem and JiEemo- 
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olironiogens the reaction is reversed by light 
and the following reaction takes place with 


reduced hieniatin (hajni) and pyridine in presence 
of CO, 


yPyridine /Pyridine 

Hasin^ +CO ^ Hiem^ 

Vyrfdino \ 


+ Pyridine 


^CO 


abs. bands 57C2A., 6385 a. 


In absence of CO, hajin and ha'inochroniogen are 
autoxidisable. 

in. OCCUERENCn IN NATURE. 

Hajinatin is present in all animal and vegetable 
tissues, in yeast and aerobic bacteria, and is an 
essential constituent of all aerobic cells where 
it occurs either in the free state or, more usually, 
as hajm-protein complexes functioning as 
respiratory catalysts, examples of which are 
described in this article. The concentration of 
hajinatin is greatest in tissues of high resiiiratory 
activity, or in a region where growth is very 
rapid. This is particularly noticeable in the case 
of the hicm-protein cytochrome {q.v. ; see also 
Kcilin, Proc. Roy. Soc. 1925, R, 98, 312). 
Crude oils and bituminous minerals contain con- 
siderable quantities of haiinatin derivatives 
which can be observed with a direct-vision 
spectroscope. Most of these porph3'rins are 
derived from chlorophj^U but a small proportion 
of mesohasmatin, a reduction product of proto- 
hcematin, can be detected. The porph3nin8 are 
present as metal derivatives ; apart from ii'on, 
vanadium is commonly found (Treibs, Annalen, 
1934, 510, 42 ; 1935, 517, 172). 

IV. Estimation, 

The detection and estimation of free and com- 
bined hajmatin is most readily carried out by 
conversion to hojmochromogen (pyridine and 
NagSgO^) which, of all haematin derivatives, has 
the most intense absorption spectrum {see Sec- 
tion II). ‘ The most convenient instrument to 
use is a Zeiss microspectroscope which' has the 
necessary small dispersion and is fitted with a 
comparison prism to allow comparison of two 
spectra side by side. The solution or tissue 
extract to be examined is treated with alkali, to 
dissociate protein from haematin, followed by 
pyridine and N 328204. The absorption bands 
of hajmochromogen can bo observed in a 2 cm. 
depth of fluid containing only 0-001 mg, hcerain 
per e.c. 

The concentration of haematin can be deter- 
mined to within 2-3% by comparing the 
spectrum with that of a variable depth of a 
standard solution of hsemin crystals in sodium 
hydroxide similarly treated with pyridine and 
N 828204 (Hill, Proc. Ro3n Soc. 1929, B, 105, 
112). The small dispersion of the Zeiss instru- 
ment permits accurate measurements with 
cloudy solutions. By the same method Elliot 
and Kcilin {ibid. 1934, 114, 210) were able to 
estimate haematin in intact vegetable tissue. A 
cube of the material {e.g. horse-radish root) was 
treated with pyridine and Na28204 in a 
vacuum when the root became sufiSciently trans- 


lucent for comparison of sjjectra. By this method 
the distribution of hmmatin in the entire cross- 
section of a plant can be rapidly determined. 

The position of the absorption bands is deter- 
mined by the chemical structure of the hajmatin 
nucleus rather than b3’- the nitrogenous sub- 
stance with which it is combined. 

V. HlEMOaLORIN AND MyOGLOBIN. 

Haemoglobin (v. Blood). — This resinratory 
pigment is present in the blood of all verte- 
brates and is also distributed in a haphazard 
manner among the invertebrates where the 
o.xygcn supply is intermittent or irregular {e.g. 
Arenicola, Lvmbricus, Planorbis, Chironomus ; 
see ]M. Florkin, “ Transportours d’oxygene,” 
Paris, 1934). Hemoglobin is an intracorpus- 
cular pigment in vertebrates but is in solution 
in invertebrate blood. ' 

The hemoglobin molecule consists of 4 mol. of 
hmni (reduced protohematin) and 1 of globin 
{see Section II). It is a purplish-red pigment 
which combines reversibty with oxygen to give 
bright red oxyhemoglobin, the equilibrium 
between the two forms being determined by 
the oxygen tension. The chemistry of the 
phenomenon of oxygenation has been investi- 
gated by a number of w'orkers (Anson and 
Mirsky, J. Ph3^8iol. 1925, 60, 165 ; Barnard, 
Proc. Soc. Exp. Biol. Med. 1932, 30, 43 ; see 
J. Barcroft ^) and its biological significance is 
discussed below. 

Hill and Holden {see Section II) were able to 
examine the reaction between undenatured 
globin from hsemoglobin and various j)orphyrins 
and metallo-porphyrins (Biochem. J. 1926, 20, 
1326). They obtained spectroscopic evidence 
that native globin will combine with proto-, 
hsemato- and meso-porphyrins (with a marked 
change in colour) as well as with iron derivatives 
of each. No evidence could be obtained that 
denatured globin or other proteins would react 
with the free porphyrins. Haurowitz and 
Waelsch (Z. physiol. Chem. 1929, 182, 82) discuss 
the mode of combination of protohsematin and 
globin. They consider that the vinyl and car- ^ 
boxyl groups can play no part in the reaction, 
OAving to the existence of artificial haemoglobins 
in Avhich these groups are absent, and that the 
pyrrole N -atoms are too inert. They regard the 
reaction as complex-salt formation involving 
only the F e atom and point out the similarity in 
behaviour of hajmoglobin and inorganic complex 
salts toAvards acids, allialis and organic bases. 
While this hypothesis may Avell hold for haemo- 
ehromogens, the Avork of Hill and Holden as Avell 
as that of Warburg and Negelein (Biochem. Z. 
1932, 244, 9) does indicate that globin may also 
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ho attached to other points of the hjematin 
molecule. These latter authors measured the Og 
capacity of a number of artificial liEemoglobins 
and found that it varied between 0 and 72% of 
the theoretical value, with varying substituents 
in the hsematin nucleus. The nature of the Fe- 
protein linkage has also been considered by Hill 
{ibid. 192.5, 19, 34rl). 

Oxyhjemoglobin may be purified bj' crystal- 
lisation. The tendency to crystallise and the 
crystalline form vary considerably with the 
species (Abderhalden,^ p. 18.5 ; Hawk and Berg- 
heim while the positions of the absorption 
bands vary slightly among vertebrate oxybasmo- 
globins although invertebrate oxyhsemoglobins 
show larger variations. The average positions 
of the bands of vertebrate oxyhajmoglobins are 
a-5770A. and ^-o240a., the former being more 
intense. The spectrum of reduced or deoxy- 
genated htemoglobin is very diffuse. If the Og 
of oxj'hfemoglobin is replaced by CO the 
absorption maxima move .sh'ghtly towards the 
blue as indicated in Table II (Anson, Barcroft, 
Jlirsky and Oinuma, Proc. Roj’. Soc. 1924, B, 
97, 61). K A and B are the positions in Ang- 
strom Units of the a-bands of OgHb and CO Hb 
and K is the equilibrium constant of the reaction 
CO-f-OgHb^^COhib-fOg then, according to 
these authors, log A=0-05(A-B). 


Table II. 


.iniraal. 

Position of a-band in Angs- 
trom Units. 

OjHb 

COHb 

3Ian 

0,764 

5,710 

Arenicola. 

5,746 

5,698 

I/umbricus 

5,755 

.5,720 

Planorbis 

5,746 

5,708 

Chironomus . 

. 5,777 

5,727 

Pigeon' .... 

5,762 

.5,710 

Carp 

.5,762 

.5,716 

Horse .... 

5,764 

5,708 

-Tortoise .... 

5,766 

.5,717 

Fowl 

5,769 

5,718 

Lizard .... 

.5,762 

5,715 


( H b =hjem oglobin .) 


Accurate measurements of -n-avedength are 
most convenient!}' carried out with the Hartridge 
reversion spectroscope (J. Physiol- 1922, 57, 47). 

Analyses of the amino-acids constituting 
globins from various sources have been recorded 
by J. Roche, “ Biochimie generale et comparee 
des pigments respiratoires,” Paris, 1936. 

CiA’stallinc oxyhjomogloTjin is readily prepared 
1}}’ the following method (Keilin and Hartree, 
Proc. Roy. Soc. 193-5, B, 117, 1) : 000 c.c. fresh 
defibrinated horse-blood is centrifuged and the 
semm removed. The corpuscles are ivashed 
3 times, b}' centrifuging, with 0-9% NaCI. 
300 c.c. washed corpuscles are cooled to O'C-, 
shaken for t, minute with 90 c.c. cold water and 
90 c.c. cold pure ether and centrifuged. The 
]o%vcr clear layer is dialysed for 24 hours at O'C. 
again^-t distilled water and treated drop by drop 


with cold absolute alcohol until the solution 
contains 20% alcohol. Oxyhemoglobin slowly 
crystallises out at 0°C. and can be reciystallised 
several times as follows : the cake of crystals is 
suspended in an equal volume of water, wanned 
to .37°C. and treated with the minimum of 
A”- N aO H for complete solution. The solution is 
cooled, treated cautiously with A'-HC! equi- 
valent to the N aO H used, centrifuged to remove 
impurities and set aside at 0° to crystallise. 
During reciystallisations the pigment becomes 
progressively less soluble in water. It is ob- 
tained as slender needles up to 2 mm. in length. 

The determination of the molecular weight of 
haemoglobin has been recorded in a previous 
article {see Blood) and a value of 68,000 is now 
accepted for vertebrate hEemoglobin. The mole- 
cular size of invertebrate hmmoglohins varies 
considerably. 

The estimation of oxyhmmoglohin can' be 
carried out spectrophotoraetrically if other pig- 
ments are absent, but the most reliable method 
is the measurement of the oxygen capacity. 
The hfemoglobin molecule, containing 4 brnmatin 
groups, takes up in air 4 mol. of oxygen. As 
already described (Section II) oxy'hEemoglobin 
gives up its oxygen when oxidised to methasmn- 
globin, and it is only necessary to add an excess 
of K 3 Fe{CN)s to a known volume of oxy- 
hmmoglobin solution in a suitable manometric 
apparatus. For this purpose the manometers of 
Barcroft or Warburg are most suitable {see 
M. Dixon, “ Slanometric Slethods,” Cambridge, 
1934). Thus, if 3 c.c. OgHb solution evolves v 
cu.mm. O 2 at N.T.P. on o.xidation, then, as 
68,000 g. 02Hb would combine with 4x22*4 1. 
O 2 , the weight of OgHb in 3 c.c. solution is 

vx 68,000 

4x22-4x10®®' 

Myoglobin. — ^When blood is completely re- 
moved from an am'mal by perfusion, it will be 
found, on spectroscopic examination of thin slices 
of varions organs, that a red pigment verj' 
similar to harmoglobin is often present, and that 
its concentration is greatest in tissues^ of high 
respiratory actirity. If a perfused heart is 
finely minced, extracted ^vith 0-9% NaCl and 
the extract clarified with kieselguhr, a solution 
of this pigment, knoum as muscular haemoglohin 
or myoglobin is obtained. The pigment com- 
bines reversibly with Og (when the absorption 
maxima {horse-heart) are a-oSloA., ,6-5446a.), 
and also uith CO. The pigment forms a 
metrayoglobin and in its general properties is v-erj' 
similar to hjemoglobin. The pigment has been 
obtained in a crystalline state by Theorell, who 
has studied the spectroscopy of its derivatives, 
its reactions vrith Og and CO, and found the 
molecular weight, by ultracentrifugal methods, 
to be 34,000 ; the molecule containing 2 mol. of 
protohsematin (Biochem. Z. 1932, 253, 1 ; 1934, 
268, 46). As a result of more recent measure- 
ments, a value of 17,000 is now accepted (Sved- 
berg Hill has sugeested (Proc. Roy. Soc. 
19,36, B, 120, 472} that “ muscle hiemoghhln 
indicates a presence of a reserve of oxj’gen not 
onlv in ea^-es of intermittent supply hut aho 
in cases of intermittent consumption of o.xygen.” 
iUllikan (ibid. 1930, [B], 120, 360; 1937, [BJ, 
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123, 218) using an apparatus in -which reaction 
velocities could ho measured liy spectrum 
changes over very small intervals of time 
(<10“® sec.) showed that Oj combines more 
rapidly with myoglobin than with hfemoglobin. 
This author calculates that the oxygen stored b}' 
myoglobin in mammalian heart suffices for 
10-15 seconds at rest or 2-3 seconds at liigh 
activity. Tliis store could, therefore, tide the 
heart-muscle over from one contraction to the 
next. The oxidation of myoglobin (as distinct 
from its oxygenation) by molecular oxygen is 
also more rapid than that of haamoglobin. 

Kinetics of Hsemoglohin and Myoglobin . — 
Jlyoglobin was found by Hill (he.) to possess a 
higher affinity for oxygon than ha5moglobin and 
the relationship is summarised in Fig. 4 (repro- 
duced by permission of the author). This figure 


indicates the percentage of each pigment in the 
oxj^genated form under various pressures of 
oxygon- Whereas the pressure of oxygen in 
the venous blood of man is 40 mm. Hg, the 
oxidase activity of the cell functions most 
efficiently at a loAver pressure (e.g. 5 mm. Hg). 
At the former pressure myoglobin is 94% 
saturated and at the latter pressure 60% 
saturated with Og, Myoglobin can thus act as 
an eflicient oxygen carrier between the cir- 
culatory hrsmoglobin and the enzyme system of 
the cell. Hill has calculated that the oxygen 
made available from myoglobin by a drop in 
oxygen pressure from 40 mm. to 5 mm. would, 
in mammalian heart muscle, supply sufficient 
oxygen for 1 second’s normal consumption, 
i.e. for approximately the duration of I heart 
beat. 


Oxidase minimum pressure 

Venous pressure Arterial pressure 

4/ vj/ 



The relative affinities of these pigments for 
Oj and CO is expressed by 

[HbCO]-[Og]. 

[HbOaKCO] 

Hsemoglobin has a much higher affinity for CO 
than for Og’and values of K between 100 and 
600 have been found for various hismoglobins 
(Anson, Barcroft, Mirsky ' and Oinuma, Proc. 
Roy. Soc. 1924, B, 97, 61). The value of K for 
myoglobin is much lower; Theorell (Biochem. 
Z. 1934, 268, 64) finding values of the order of 
20 for horse myoglobin. 

VI. METH.ffiMOGLOBIX', PeEOXIDASE AND 

Catalase. 

Methaemoglobin. — As previously mentioned, 
hEemoglobin can be' oxidised to methaimoglobin. 


the corresponding ferric compound, by means of 
KjFelCNlg (see Keilin and Hartree, Proc. 
Roy. Soc. 1935, B, 117, 1). Below py 7 a brown 
solution of acid methajmoglobin is obtained with 
absorption bfinds at 5040a., 5475a., 5820a. and 
6370a. The last band is most prominent in 
visual observations. The spectrum is far less 
intense than that of oxyluemoglobin, and a low- 
dispersion spectroscope is essential. Above pa 8 
alkaline methEemoglobin is formed which is more 
reddish and has absorption maxima at 5750a. 
and 5450a. Metheemoglobin does not combine 
■with CO or Og but forms a series of spectro- 
scopically well-defined compounds with the 
respiratory inhibitors HCN, HNg, HgS, HF, 
NO, HgOg, . and organic peroxides (e.g. 
CgHgOOH). In this respect methaemoglobin 
is closely analogous to the respiratory catalysts, 
peroxidase and catalase. The study of the 
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HAFN lUM. Hf. At. no, 72, nt. wt. 178-6. 

In 1923 D. Coster and G. von Hevesy detected 
in the AT-ray spectra of a number of zirconium 
minerals six lines attributable to an element 72. 
They asserted that two of these lines were not 
identical with two lines observed bj' DauAullior 
in 1922 in certain rare earths, and hence could 
not be identified Avith a ncAV element “ celtium ” 
Avhich had been claimed bj' Urbain to bo present 
in the same rare-earth preparation. Coster and 
Von Hevesy proposed the name hafnhtm (from 
Hafnia, an old designation for Copenhagen) for 
element 72, and shoAA-ed that it could bo separated 
ehemicalty AA-ith zirconium from any accom- 
panjdng rare earths, and that it did not 3deld 
the optical spectra assigned bj' Urbain to 
“celtium” (Nature, 1923, 111, 79, 182, 262, 
462). 

All zirconium minerals contain hafnium, al- 
though in greatty A'arjdng amounts ; the oxides 
contain 1-2%, the silicates such as zircon 2-6%. 
Ah'ife, a complex orthosilicato, 

(Zr,Hf,Th)02,Si0„, 

from Kragero, NorAvaj’-, contains 34% of zir- 
conia and 16% of hafnia. The zirconium ex- 
tracted from the complex minerals evxcnite and 
fergusoniia contains from 5 to 6% of hafnium. 
ThoHveilite, from Madagascar*, contains 3-2% 
HfOg and 2% ZrOj. Hafnium is as abundant 
in the earth’s crust as thorium and about one- 
tenth as plentiful as zirconium. 

Separation from Zirconinm. — Hafnium ex- 
hibits a close chemical similarity to zirconium, 
and they remain associated Avhen the latter is- 
separated by the usual methods from the rare 
earths 'and thoria. Materials containing haf- 
nium and zirconium are fused Avith potassium 
hydrogen fluoride and the double fluorides 
KjXFj (X= Hf or Zr) are separated by fractional 
cr3'stalli8ation in aqueous solution. The haf- 
nium salt is more soluble and in tins way a 
product of 99-9% purity is obtainable. A con- 
venient alternative consists in the fractionation 
of the ammonium double fluorides, that of 
hafnium being the more soluble. 

Hafnium ammonium sulphate is also more 
soluble than the corresponding zirconium double 
salt and may be used in these seiiarations. 

The phosphates X0(H2P04)2 also serAm for 
this separation, the hafnium phosphate being 
appreciably less soluble in concentrated acids 
than the zirconium compound. The freshly 
precipitated mixed ' phosphate dissolves in 
oxalic acid and on adding hydrochloric or sid- 
phuric acid is reprecipitated in a readily filter- 
able form. In this process hafnium accumulates 
in the less instead of in the more soluble frac- 
tions. This method is available on a large scale, 
and after about 26 fractionations the hafnium 
contains not more than 1% of zirconium (do 
Boer, Z. anorg. Chem. 1926, 150, 210;' Avith 
Broos, ibid. 1930, 187, 190). 

A precipitation method has also been recom- 
mended by Prandtl {ibid. 1932, 208, 420 ; 1937, 
230, 419) in Avliich the solution of the hydroxides 
in dilute sxilphuric acid containing ammonium 
sulphate and oxalic acid is treated AA-ith sodium 
ferrocyanide ; hafnium is enriched in the head 
fractions. The presence of phosphate ions tends 
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to interfere ' by causing co-precipitation of 
phosphates. 

Sublimation and distillation methods have 
also been employed. The double compounds 
2XCIi-PCIs and ZXCI^-POCIs (X=Hf and 
Zr), produced b3' melting together tlie mixed 
hafnium and zirconium tetrachlorides Avith the 
corresponding iihosphorus chloi’ides, can bo dis- 
tilled under ordinary jAressures and, in both 
cases, the hnfninm compound, being tbe more 
volatile, is concentrated in the earty fractions 
(Van Arkel and do Boer, ibid. 1924, 141, 289; 
B.P. 221802). 

Metallic Hafnium, obtained by thermal 
decomposition of its iodide, has also been pre- 
pared from the double fluoride K2HfF5 or the 
tetrachloride b3^ reduction AA-ith metallic sodium ; 
the oxide may be used if a mixture of calcium 
and sodiAim is employed as the reducing agent 
(Van Arkel and do Boor, ibid. 1925, 148, 345 ; 
do Boer and Fast, ibid. 1930, 187, 193). 

Physical Proj^erlies. — Hafnium is a highl3' 
lustrous, ductile metal resembling zirconinm in 
appearance and cr3’stallino form (hexagonal 
83'8tem). The X-radiogram gives the side of 
the unit triangular jArism as 3-32a. audits height 
as 6-46a., Avith axial ratio l;l-04. It molts at 
2220°C. AA’hilo its density at room temperature 
is 13-3, the atomic A-olume being 13-42. Six 
isotopes haAm been indicated, Aveak lines at 174 
and 176 AA-ith stronger fines at 177, 178, 179 and 
180 ; the relative abundance oftlieso is approxi- 
mately 0-3, 6, 19, 28, 18 and 30%, respectively 
(-dston, Proo. K03-. Soc. 1936, A, 149, 396 ; 
IDompstor, Physical Roa-. 1939, fiij. 55, 79-1). 
The specific heat at Ioav temperature has been 
measured by Cristescu and Simon (Z. ph3-sikal. 
Chom. 1934, B, 25, 273) aa-Iio find that there is an 
anomaly AA-ith a sharp j’calc at 75° abs. The 
resistivity of hafnium is 30-10“® ohm-cm. at 
O^C. ; no evidence of superconductiAdty aa-us 
noticed at 1-36° abs. (do Boer and Fast, Z. 
anorg. Chem. 1930, 187, 193). 

The spectrum of hafnium ijossesscs a grcal. 
mimbor of lines, the persistent ones being 2613-0, 
2616-9, 2041-4, 2773-4, 2820-2, 2898-3, 2910-6, 
3072-9, 3134-8, 4093-2a. 

Chemical Properties. — Although falling bo- 
tAA'Con zirconium and thorium in the periodic 
classification, hafnium more closely resombleft, 
but is more basic than, the former. Its reactions 
AA-ith acids, halogens and other reagents are 
similar to those of zirconium and it shoAvs a like 
tendency to form complex salts. 

Compounds. 

Hafnium Dioxide (Hafnia), HfO._,. — Ob- 
tained by ignition of the hydroxide, oxalate, 
oxychloride or sulphate. It is a diamagnetic 
oxide, d“° 0 68, incandescent at high tempera- 
tures AA'hile its melting-point is 3047±25° abs. 
Hafnia is an amphoteric oxide and strontium 
hnfnatc, SrHfOg, has been made (Hoffmann, 
NaturAviss. 1933, 21, 070). 

Hafnium Tetrafluoride, HfF^. — Monoclinio 
prismatic cr3-stals obtained on heating ammonium 
hafnifluoridc, (N H4)2KfFg, in a stream of nitro- 
gen at 500°. It may bo purified by sublimation 
at 800°, and this process leads to a partial separa- 
tion from any zirconium present (Von Hevesy 
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and Dullenkopf, Z. anorg. Chem. 1934, 221, 161 ; 
Schultze, Z. lyrist. 1934, 89, 477). Wlien hafnia 
is dissolved in hydrofluoric acid and the solution 
is concentrated, ciystals of the trihydrate 
HfF4,3H20 separate, and these when recrystal- 
h'sed several times from water hj’drolyse to form 
the oxyfluoride Hf O F2-2 H F,2 H gO (Von Hevesy 
and Wagner, Z. anorg. Cliem. 1930, 191, 194). 
Hafnium fluoride very readily forms a series of 
double salts with alkali and ammonium fluorides 
of thetjTjes MaCNfFg] and MgCRfF-]; these 
are more soluble in water than the corresponding 
zirconium salts. 

Hafnium Chlorides . — Hafnium bums fairly 
readily when heated in chlorine, producing the 
letrachloride HfCl^ as a Avhite crj'stalline mass 
which can be further purified by subh'mation in 
dry hydrogen. It begins to volatilise at 250° 
and any zirconium present •nfll tend to collect in 
the first portion of the sublimate. The chloride 
is also formed when the oxide is heated in the 
presence of a reducing agent and chlorine. 
Water h3-drolyses it to hafnyl chloride, HfOCl2, 
while addition of ether to an alcoholic solution 
of the latter substance jdelds another oxy- 
chloride, HfgOgClgjSHgO. These compounds 
are less soluble in hj’^droehloric acid than the 
zirconium analogues and have been used in the 
separation of the two metals (de Boer and Fast, 

I.C.). 

Haf n iu m Oxybrom id e is formed as glistening 
tetragonal crj^stals on concentrating a solution 
of hafeia in hj'drobromic acid. It is extremely 
soluble in the dilute acid, but increasing con- 
centration of the latter causes a rapid decrease 
in the solubility. Thus in O-SoiV-HBr at 25° 
the solubility is 3'3 g.-mol. HfOBPg per litre 
while in 13-36 V- it is 0-0038 g.-mol. (Von Hevesy 
and Wagner, l,c.). 

Hafnium f odide(«ee de Boer, Z. anorg. Chem. 
1926, 150, 216). 

Hafnium Sulphate, made either by the action 
of fuming sulphuric acid on the tetrachloride or 
hy repeated evaporation of the fluoride with con- 
centrated sulphuric acid, always seems to con- 
tain excess H2SO4 over that required by the 
formula Hf(S04)2- This excess can only be 
removed at a temperature (500°) at which the 
salt begins to decompose (Von Hevesy and 
Cremer, ihid. 1931, 195, 339). 

Hafnium Nitrate. — ^This salt, mixed with 
tungstic oxide, is employed in making lamp fila- 
ments. The hafnium produced is stated to 
prevent the recrystallisation of the tungsten 
filament. 

Hafnium Phosphates. — ^When a solution of 
hafiiyl chloride in 6V-HC1 is added to one of 
disodium phosphate in the same medium a finely 
divided precipitate is produced corre.sponding to 
the formula HfOg-PgO'jjSHgO. This might be 
either OTHfOiHzPOi)^, but 

the well-known stability of hafnyl as compared 
with hafaium ions strongly favours the latter 
formula. When ignited, the salt loses 2 mol. 
of water j-ielding hafnyl metaphosphate, 

Hf0(P03)2. 

Hafnjd phosphate is the least soluble of all phos- 
phates in hj-droehloric acid, the solubility in GW- 
acid at room temperature being 0-00009 g.-mol. 


per litre (Von Hevesy and Kimura, J. Amer. 
Chem. Soc. 1925, 47, 2540; Z. angeiv. Chem. 
1925, 38, 228). 

Hafnium Carbide.— Said to he obtained as a 
grey powder on heating an intimate mixture of 
hafnia and finely divided carbon in a graphite 
tube at 2,000-3,000°C. or by passing the vapour 
of the tetrachloride together with methane and 
hydrogen over a heated tungsten filament. 

Hafnium Boride has also heen prepared 
(Agte andMoers, Z. anorg. Chem. 1931, 198, 233 ; 
see also Vol. II, 44c). 

Hafnium Acetylacetone, Hf(C^H^02)4 . — 
Monochnic ciystals, m.p. 194-195°, df" 1-67, 
formed when acetylacetone and dilute soda solu- 
tion are added to hafnyl chloride in water; the 
product is recrystallised from alcohol. It sub- 
limes slowly in a high vacuum at 82° but at 87° 
decomposition sets in. Like zirconium acetyl- 
acetone and unlike the thorium analogue it does 
not combine with ammonia; it further re- 
sembles the former in giving, a decahydrate 
Hf(C5H7O2)4,10H2O (Von Hevesy and Log- 
strup, Ber. 1926, 59 [B], 1890). 

Beferences. — Georg von Hevesy, “ Das Ele- 
ment Hafiiium,” Berlin, 1927 ; J. W. Mellor, 
“ A Comprehensive Treatise on Inorganic and 
General Chemistry,” Vol. VH, London, 1927; 
H. Bose, ” Das Hafnium,” Braunschweig, 1926. 

G. B. D. 

HAGLUND PROCESS (Vol. I, 268b). 

HAIDINGERITE (Vol. H, 226b). 

HAIR DYES (HUMAN). The practice of 
dyeing the hair has considerably increased of 
recent years, particularly since the introduction 
of organic intermediates such as ^-phenylene- 
diamine which can be oxidised to produce dyes 
on the hair. But the art is reaU}' of great anti- 
quity; there are references to it in ancient 
Hebrew, Persian and Eoman literature. The 
practice was common too in ancient Egypt and 
it seems that the use of mineral pigments such 
as kohl, and vegetable colours including henna, 
dates back several thousands of years. 

Although hair has a general composition simi- 
lar to that of wool, its dyeing presents pecuh'ar 
problems because the affinity of human hair for 
dyes is very much less than that of wool, and 
the dyeing qualities of living hair difi'er some- 
what from those of dead hair. Moreover, it will 
be obvious that only those substances can be 
used which will be effective at temperatures 
below about 37°C. and that the use of marketfly 
acid or alkaline reagents will be fraught with 
serious consequences. There are three principal 
classes of hair dyes : (i) Inorganic dyes or pig- 
ments; (ii) Vegetable colouring matters; and 
(iii) Oxidation dyes. 

(i) In this class the most ancient material is 
kohl, the name covering a variety of black pig- 
ments, including charcoal and various forms of 
galena. It is not now used, save perhaps in 
some theatrical make-ups, in which the pigment 
is made into a paste or emulsion with resinous 
materials, gum or gelatin. Lead compounds are 
still used rather extensively, though they are 
more often described as hair restorers. The 
chief ingredients in such mixtures are lead 
acetate, less commonlj^ lead oxide, emulsified 
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witli a sulpliiir compound — either colloidal sul- 
phur, sodium tliiosulphate or a mixture thereof — 
in the presence of glycerin and oil. The pro- 
portions commonlj^ present may he about 3% 
of lead acetate with an equal quantit}’^ of sulphur. 
These mixtures react slowly on the hair and form 
a brown or black coating of lead sulphide, part 
of which is adsorbed into the hair fibres. The 
mode of action is not quite clear, but it appears 
that the sulphur is first adsorbed and later com- 
bines with the lend. Silver forms the basis of 
another series of dyes; these differ from lead 
mixtures in that thej^ require two separate solu- 
tions, one containing silver nitrate with or with- 
out ammonia, and the other containing either an 
alkaline sulphide or a solution of pyrogallol. 
Sulphide mixtures give light brown shades, while 
the pyrogallol mixtures are darker or even black. 
Bismuth has enjoyed quite a vogue. The basis 
is usually bismuth citrate dissolved in a water- 
alcohol-glycerin mixture, and a separate solution 
contains cholesterol, sulphur and albumin. As 
in the case of the lead pigments, the reactions 
involve changes in the keratin of the hair with 
the liberation of hydrogen sulphide and the 
formation of a black bismuth sulphide on the 
hair. Various claims have been made as to 
the function of the cholesterol and albumin, but 
there is no evidence that they participate in the 
reactions. Preparations based on niclcel, cobalt, 
iron, manganese and copper salts also appear in 
the literature, but are not, in common use, 
though they ma}’’, as noted below, bo used in 
admixture with henna and other vegetable com- 
pounds. Salts of these metals may bo omifioyed 
in conjunction with p 3 T:ogallol, with which they 
are said to produce good black dyes. 

(ii) The principal hair dyes coming within the 
second class, vegetable dyes, are henna, walnut, 
logwood, chamomile and indigo. Cutch and 
other tannin materials are used to a less extent. 
The dyeing properties of henna (?.?^.) are due 
almost entirely to 2-hydroxjmaphthaquinone, 
known also as Laivsone ; this substance is present 
to the extent of 1-1-5% and acts as an acid dye- 
stuff. It is a pale yellow in acid solution and 
dyes hair a bright orange colour, the shade being 
considerably affected by metallic mordants. 
Por use the powdered leaves, about 5 oz. for 
a head, are made into a paste with boiling 
water and applied to the hair for about 16 
minutes; the presence of a 'small amount of a 
wetting agent is of advantage. Many com- 
pounded hennas are sold ; these contain copper 
salts, pyrogallol or even p-phenylenediamine, and 
serve to give much darker shades than are ob- 
tainable from pure henna. Indigo finds use in 
conjunction with henna under the name of 
henna-reng. A mixture of 2 parts of indigo with 
1 part henna gives a brown and 3 parts of indigo 
' give a darker brown. For the composition of 
henna powder and methods for the determina- 
tion of 2-hydroxynaphthaquinone, see H. E. 
Cox, Analyst, 1938, 63, 397. Walnut shudes and 
leaves which also find use as a hair dye resemble 
henna in dj^eing properties. The active in- 
gredient is S-hydroxjmaphthaquinone, jnglone; 
it dyes hair a dark brown but the colour takes 
some time to develop fully. Walnut is applied 
in the form of an extract, or the powdered leaves. 


with or without henna, are mixed to make a 
paste w'hich can bo applied hot. Extract of 
walnut should be freshly prepared as it does not 
keep well; commercial products may contain 
metallic additions, notably silver salts. There 
have been several attempts to apply logwood as 
a hair d}^, but it is not very successful unless 
in admixture. The preparations for production 
of a satisfactory colour on the hair from the 
hromatoxylin present in logwood mixtures usually 
consist of powders containing the wood with 
additions of starch, chestnut or henna, and as 
oxidiser an acid solution of dichromate. Cliamo- 
mile flowers (q.v.) contain a rather feeble dye- 
stuff of the flavone class called apigenin, the 
glucosidal constitution of which is described by 
Power and Browning (J.C.S. 1914, 105, 1829). 
For practical application a hot paste made from 
powdered chamomile flowers diluted ^vith fuller’s 
eartli or kaolin is apphed to the hair and left in 
I contact with it for half an hour or more. The 
colour produced on light hair is a warm blonde ; 
it may be darkened by admixture with henna or 
walnut. Chamomile finds more extensive use as 
a shampoo or rinse than actually as a djm. 

(iii) The most interesting development in hair 
d 3 ming began in 1888 when Erdmann introduced 
the use of p-phenylenediamine, the first and most 
important member of the oxidation class. Since 
that date a very great number of substances 
have been proposed or patented which claim to 
possess special merit, or to avoid the one 
disadvantage of p-phenylenediamine, namely its 
occasional irritant effect on the skin. Dye mix- 
tures of this class involve two reagents, one being 
an alkaline solution of the base or bases, usually 
mixed with soap or other wetting agent and per- 
fume, and the other a solution of hydrogen 
peroxide or tablets of urea peroxide. These two 
solutions are mixed immediately before use and 
are applied with a brush to the well- washed hair. 
When 2 )-phenylenediamine is thus oxidised in 
alkaline solution the first product is Bandrow- 
sld’s base (Ber. 1894, 27, 480) possibly with 
quinonediimine as an intermediate product ; 
this subsequently condenses with the formation 
of a complex azine in and on the hair fibres (c/. 



N 


H. E. Cox, Analyst, 1934, 59, 3)’. When p- 
phenylenediamine is used alone the range of 
colours obtainable is limited to dull brown, greys 
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and black, and there is considerable wastage. 
To extend the range and obtain auburn, light 
and dark brown shades, a dihydric phenol is 
added. This is usually resorcinol or catechol 
but a variety of other compounds may be used 
In the presence of such phenols the course of the 
reaction is quite different ; there is no formation 
'of Bandrowski’s base but of indophenols of a 
red-broAvn colour, and having the oxygen in the 
or^^o-position to the nitrogen. These indo 
phenols further condense to oxazones on the 
hair (c/. Cox, ibid. 1940, 65, 393), and produce a 
pleasing variety of shades. The popularity of 



OH 


OH 




these mixtures is such that it has been stated 
that 10 million packets per annum are sold in 
one European coimtry, and as might be ex- 
pected, there are many variants of the mixtures 
which give rise to particular colours or for 
which special virtues are claimed. The success 
of ^’-phenylenediamine as a hair dye is some- 
what offset by the fact that it produces a trouble- 
some dermatitis on some few individuals 
who are idiosyncratic or supersensitive (c/. 
Ingram, J, Derm. Syph. 19.32, 44, 422; Cox, 
J. Med. Legal Soc. 1937, 123). For this reason 
the substance and its homologue p-toluylene- 
diamine are included in Part II of the Poisons 
Rules in Britain and are subject to legislative 
restrictions in France, Germany and the U.S.A. 
It is customary, when these dyes are to be used, 
first to make a small patch test on the individual 
and only to proceed if this test indicates that 
no supersensitivity exists. Perhaps it is partly 
as a result of this difficulty that intensive search 
has been made for other oxidisable intermediates 
which might have the same or better tinctorial 
power and, in addition, possess aU the virtues 
required of the ideal hair dye, viz. (1) it should 
provide a good range of colours and a silky lustre 
on the hair; (2) it must not make the hair 
brittle ; (3) it must not irritate or stain the scalp ; 
(4) it must not fade or produce “ off ” colours ; 
and (5) it must not interfere with subsequent 
permanent waving of the hair. Of the members 
of the same series p-toluylenediamine is used 
and jp-xylylene diamine has been suggested. 
Then sulphonic acid groups have been intro- 
duced to reduce toxicity but such compounds 
are of inferior tinctorial power, so also are the 
acetyl derivatives. The methyl-, ethyl- and 
dimethyl-derivatives of jj-phenylenediamine are 
very good dye ba.scs but, so far as is known, they | 
arc not less toxic than the original base. The | 


aminophenols, aminoanisoles and aminophene- 
toles are also used ; p-aminophenol will produce 
a good bro^vn. 2:4-35iaminophenol is also useful. 
Another interesting series includes the nitro- 
amines such as 2-nitro-4-amino- and 2-amino-4- 
nitro-phenol and nitro-p-phenylenediamine ; the 
chemistry of the oxidation of these compounds 
has not yet been elucidated. Various diphenyl- 
derivatives also find use; such are the p- 
aminodiphenylamines, pp'-diaminodiphenyl- 
amine and their sub.stitution products and the 
naphthalenediamines. These are also blended 
with a dihydric or trihydric phenol to give the 
required range of colours. Any of these com- 
pounds may be present in mixtures together 
with a number of other substances whose names 
appear in the now voluminous hst of patents. 
Ready-formed synthetic dyes may also ba 
present. 

In view of what has been said it is clear that 
no simple methods of analysis can he pre- 
scribed which udll cover aU cases. Mixtures ’5^11 
contain in addition to the foregoing bases suit- 
able quantities of wetting agents, ammonia, 
soaps or sulphonated compounds, perfumes and 
sometimes glycerin or oils. Before applying 
specific tests therefore it is necessary to separate 
the ingredients, as diamines form addition com- 
pounds with dihydric phenols and various inter- 
actions are possible in the solutions, thus 
rendering colour reactions most unreliable. 
Much can be effected by judicious selection of 
solvents ; petroleum spirit extracts any fat or 
fatty acids from the acidified mixture and subse- 
quent treatment with ether will remove most of 
the dihydric phenol, after which addition of 
alkali in the presence of a mild reducing agent 
will enable any diamine to be extracted. These 
various fractions can be further separated and 
examined. In checking by means of nitrogen - 
determinations it should be home in mind that 
some of these derivatives give markedly low 
results with the Kjeldahl process. J. Carol 
(J. Assoc. Off. Agr. Chem. 1940, 23, 821) gives a 
good method for the separation of p-phenylene- 
diamine in such mixtures. 

In general finished dyes such as are useful for 
textiles have very limited affinity for living hair 
under the conditions which must be observed in 
hair dyeing. There are, however, considerable 
numbers of tinting mixtures or rinses which find 
extensive use for fancy purposes. It is im- 
portant that dyes used for this purpose should 
be of a good degree of purity. 

References . — ^Redgrove and Bari - V ooUss 
Hair Dyes and Hair Dyeing,” W. Heinemann, 
Ltd., London, 1939, and various papers by Cox 
ilc) H. B. C. 

HALARSOL ” (Vol. I, 489i). 

“ HALAZONE ” (Vol. IV, 20c). 
HALBERG-BETH system of dry gas- 
cleaning (Vol. V, 377). 

HALF VALUE PERIOD. This term (or 
the equivalents “ half life period ” and 
time ”) is used with reference to processes wluch 
take place at a measurable speed, and represents 
the time necessaiy for some quantity which is 
being measured to decrease to one-half of its 
original value. The commonest case is that ol 
a chemical reaction, where the half value period 



173 


HALITE OR ROCK-SALT. 


(H.V.P.) is tlie time necessary for tlie concentra- 
tion of one of the initial reactants to bo reduced 
(o one-half. If, as is often the case, the course of 
the reaction is being followed by measuring the 
value of some jjroperty {c.g. jiressure, volume, 
colour, conducti\nty, etc.) wliich is i)roportional 
to the concentration of the reactant, then the 
H.V.P. is also equal to the time necessary for 
this value to become halved. This criterion is 
often applied to radioactive changes, where the 
activity of the specimen is the propei't}' mea- 
sured; similarly, in a racemisation the H.V.P. 
is the time required for the initial optical 
rotation to become halved. 

The dependence of the H.V.P. on the iiritial 
concentration, and its relation to the velocity 
constant, depend on the kinetic order of the 
change. If a is the initial concentration of the 
reactant and x its concentration after time t, 
then for first order reactions (which include 
siinple radioactive changes) 


da; 

dt 


Aq.r, 


/.y=logc;, /j = ilog(.2. 


so that the H.V.P. is independent of the initial 
concentration and inversely proportional to the 
first order constant Iq. In this case the reaction 
velocity can be defined equally well by cither 
or i^, and in the case of radioactive changes the 
lattCT is more often used. For a second order 
reaction. 


da: 

d( 


~h\X~ 



1 

a’ 



The H.V.P. is now inversely proportional both 
to the initial concentration and to Iq* 
general, for a reaction of the nth order (?i->l), 








2n-^-l 


Thus, for all reaction orders, the H.V.P. of a 
reaction of the ath order is inversely proportional 
to where a is the initial concentration (or, 
in the case of a gas, the initial pressure). The 
dependence of the H.V.P. upon the initial con- 
centration or pressure can thus bo used as a 
method of determining the Idnetio order of a 
change, though it is usually desirable to supple- 
ment this by measurements on the course of 
single reactions. 

R. P. B. 

HALITE or ROCK-SALT (Fr. Sel gemme; 
Ger. Steinsalz). Sodium chloride, NaCI, crystal- 
lised in the cubic system. Although knorvn as 
a mineral smee remote times and of very wide 
distribution, the name halite (from oAr, salt) 
is comparatively recent (E. F. Glocker, 1817). 
Well-developed crystals with the form of simple 
cubes are not rmcoimnon, but those of octa- 
hedral habit are quite rare. The faces of the 
cube sometimes show sunken depressions, 
though not so marked as in the hopper-shaped 
■ crystals produced artificially. Small square 


Ijits or etched figures arc readily produced on 
the cube faces bj' solution. Silky, fibrous 
masses also occur. But most frequently the 
mineral is found as granular or s])arry masses 
with bright cleavage surfaces. 'I’liis perfect 
cleavage, parallel to the faces of tlie cube, is an 
important character. In addition, the crystals 
sometimes break along surfaces (ghde-planos) 
parallel to the rhombic-dodecahedron. This 
effect is, however, sccondaiy, and is only pro- 
duced after the crystal lias been subjected to 
pressure, either naturally bj" earth movements 
or by artificial means. If a clcavago cubo of 
salt be placed diagonally in a vice so that two 
cubo edges are held by the jaws, it can bo 
broken in this direction. The plastic deforma- 
tion of rock-salt and the percussion-figure (a 
four-raj'cd star with the rays parallel to the 
diagonals of the cubo face, which is produced 
on a cleavage surface by a smart blow rvith a 
blunt point) also deiiond on the presence of 
these planes of gliding. 

Crystals arc usually colourless and trans- 
parent, but occasionallj' thej’- arc of a deep blue 
or violet colour. This colour disappears when 
the salt is dissolved in water or when heated ; 
and it can be produced artificial!}’' by the vapoim 
of alkali metals or by the action. of cathode or 
radium ra5’s. It has been variously ascribed to 
the presence of metallic sodium, sodium sub- 
chloride, NajCI, or sulphur. Sp.gr. of pure cry- 
stals, 2-17; hardness 2i; specific heat, 0-219. 
The mineral is a non-conduclor of electricity and 
is highly diathormanous. It is therefore used as 
blocks and lenses for experiments on radiant 
heat. The best crystallised material is obtained 
from Stassfurt in Prussia, and from Wicliczka 
and Kalusz in Poland; good, .clear cleavage 
blocks have been found at Mcadowbank in 
Cheshire. Crystals are very nearly pure sodium 
chloride, and mixed crystals with potassium 
chloride (sylvite) do not occur. Massive material 
contains impurities of various kinds. A variety 
known as huantajayite, containing AgCl 11%, 
is found as small cubes at _Huantajaya near 
Tarapaca in Chile. 

Rock-salt is most frequently found as bedded 
deposits in sedimentary rocks, such as sandstone, 
shale, clay and, less often, limestone, and is 
frequently associated with beds of gypsum and 
anhydrite, and sometimes with petroleum. Such 
deposits have evidently been formed in inland 
sens and lakes under desert conditions ; they 
are of world- wide distribution and are met with 
in formations of all geological periods, as 
indicated below : 


Geological 

formations. 

Localities. 

Recent 

Dead Sea, CasinaTi Sea, Great 
Salt Lake of Utah, California, 
etc. 

Pliocene . 

Voltorra in Tuscany, Parajd 
in Transylvania. 

Miocene . 

Wieliczka and Kalusz in Poland, 
Bukovina, Minglanilla in 
Spain. 



174 


HALITE OR ROCK-SALT. 


Geological 

formations. 

Localities. 

Oligocene. 

Eastern Carpathians in Tran- 
sylvania, Wittelsheim in Al- 
sace. 

Eocene 

Cardona near Barcelona, Cau- 
casus, Rumania. 

Cretaceous 

Unna in Westphalia. Medea in 
Algeria, Texas, Louisiana, 
Peru. 

Jurassic . 

Triassic — 

Bex in Switzerland, Rodenburg 
in Hesse-Hassau, Peru. 

Keuper . 

i 

! 

Cheshire, Worcestershire, Lan- 
cashire, ' north-east York- 
shire, Durham, Isle of Man, 
Antrim, Pyrenees, Lorraine, 
CeUe in Hanover, Berchtes- 
garden in Bavaria, Hall in 
Tyrol, HaUein in Salzburg, 
Ischl and Hallstatt in Upper 
Austria, Aussee in Styria. 

iMuschelkalk 

Friedric-hsball in Wurttemberg, 
Emsthall in Thuringia. 

Bunter . 

Schoningen in Brunswick, 
AmshaU in Thuringia. 

Permian . 

Stassfurt, Halle, etc., in Prus- 
sian Saxony, Artem in 
Thuringia, Sperenberg near 
Berlin, Seg^berg in Holstein, 
Inowrazlaw in Posen, Oren- 
burg in Russia, Kansas. 

Carboniferous 

Pennsylvania, Virginia, West 
Virginia, Blichigan, Ohio, 
Kew Brunswick, Nova Scotia. 

Devonian . 

Westphalia, Baltic provinces of 
Russia, Siberia, China. 

Silurian . 

New York, ^Michigan, Ohio, 
Ontario. 

Cambrian . 

Salt Range in Punjab. 


In addition to these bedded deposits of rock- 
salt, wliich are the only deposits of economic 
importance, mention may be made here of some 
other modes of occurrence. The microscopic 
camties present in vast numbers in the quartz of 
granitic igneous rocks often contain minute 
cubes of halite together -ffith water and liquid 
carbon dioxide. The saline encrustations of 
active volcanoes [e.g. Yesu\dus), produced either 
b3’ direct sublimation or bj^ the action of acid 
vapours on the scoria, contain sodium and potas- 
sium chlorides, usuaUj' in a powdery form, but 
occasional!}' as distinct crystals of halite and 
sylvite. 

References . — For a detailed resume of the 
mineralogical characters and occurrence of 
halite, see C. Hintze, “ Handbuch dcr JL'nera- 
logie,'’ Leipzig, 1911, VoL I, pp. 101-231; on 
the deposits worked commercially, sec J. O. von 
Buschman, “ Das Salz, dessen 1‘orkommen und 
Verwertung in sarath'chen Staaten tier Erde,’’ 
2 vols, I>oipzig, 1906-9 ; A. F. Calvert, “ Salt in 
Cheshire,” London, 1915. 

L. J. S. 

H ALLOYS ITE. A clay -mineral with ap- 
proximately the composition of kaolinite (g.r.) 


but containing rather more water (about 19%). 
It forms compact masses with a slight greasv 
feel and lustre, and may be white, grey or shacles- 
of various colours ; sp.gr. 2-0-2-2 ; hardness 1-2. 
It occurs as beds in sedimentary rocks and as 
masses in mineral- veins, and has sometimes been 
observed as a decomposition product of granite 
and other rocks containing felspar. Rossihlr 
the minute amorphous granules of china-clay 
and some other clays may be referable to this 
species. (See H. Ries, “ Clays, their Occurrence, 
Properties and Uses,” 3rd ed., 1927 ; also Vol. 
Ill, I96a). 

L J. S 

HALOGEN ACETIC ACIDS. Deriva- 
tives of acetic acid in which the hydrogen of the 
methyl group is partly or wholly replaced by a 
halogen. 

Chxoeo ACETIC Acids. 

Monochloroacetic AcidjCHaCI-COOH.— 
The acid may be prepared by passing chlorine 
into 100 g. glacial acetic acid, 1 g. iodine, 2 g. 
red phosphorus and 2 g. phosphorus jjcnta- 
chloride at 100° contained in a flask fitted with 
a leading tube, a condenser and mechanical 
stirrer (Bruckner, Amer. Chem. Abstr. 1930,24, 
61 ; Lyubarsldi, ibid. p. 827 ; Shilov, ibid. p. 827). 
Sulphur, phosphorus, sulphur monochloride and 
acetic anhydride may also be- used as catalysts 
(U.S.P. 1757100). Alany' patents protect the 
preparation from trichloroethylene by heating 
with sulphuric acid (U.S.P. 1304108, 1322S9S; 
B.P. 132042; see also J.S.C.I. 1922, 41, 19Ik). 
a-Trioxymethylene and sulphuryl chloride at 
170° in the presence of zinc chloride al'o give 
the a-acid (Fuchs and Katscher, Ber. 1924, 
57 [B], 1256). 

The acid crystallises in three modifications: 
a-, prisms, m.p. 61*3°; )5-, plates, m.p. 50dS°,' 

I y-, m.p. 50-20° (Muller, J. Physical Chem. 1914, 
86, 197); b.p. 189°/77 mm., 104-105°/20 mm.: 

^ 1-3518 (Grinakowski, Chem. Zentr. 1913, 
II, 2076). For hydrates, see CoUes (J.C.S. 190*5, 
89, 1252) ; heat of solution, Pickering (ibjd- 
1895, 67, 665) and Louguinine (Ann. Chini. 
Phys. 1879, [v], 17, 251) ; heat of combustion 
171-0 kg.-cal., Berthelot (Ann. Ciiim. Bhys- 
1893, [vij, 28, 567) ; electrical condiictirity, 
Kortright (Amer. Chem. J. 1896, 18, SOS) : 
magnetic rotation, Perldn (J.C.S. 1890, 69, 
1236) ; for the esterification velocity con- 
stant, see Sudborough and Lloyd (ibid. 1899, 
75, 476) ; for electrolytic dissociation constant, 
K=l-55 X 10~^, see Ostwald (Z. physikal. Chern. 
1889, 3, 176). 

The acid is soluble in cold water, but decom- 
poses on beating tbe solution into hydrochlonc 
and glycollic acids (Buchanan, Ber, 1871, 4, 34», 
863 ; Fittig and Thomson, Annalen, ISSO, 200, 
75; Senter, J.C.S. 1907, 91, 4G0). iMetdhc 
hydro.xides of the type R'OH deconipo-o it, 
budding glycollic acid, whilst those of tbc t}l’'’ 
R"(OH)., vield diglvcoUic acid (.Schreiber, J. I'*"- 
Chem. 1876, [ii], 1*3, 340). The anhydride 
produced by distilling the acid in vacuo wit,: 
phosphorus pentoxide (Bischolf and IVakh-n, 
Ber. 1894, 27, 2949). IVith ammonia gly<iu‘- 
produced (Kraut, Goldberg and Kunz, Anna!''*’’, 
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1891, 266, 295), and phenols in the presence of 
alkali give aryloxj’'-acetic acids (Giacosa, J. pr. 
Chem. 1879, [ii], 19, 396). 

By reaction -with sodium sulphide and sul- 
phur in alltaline solution, dithiogly collie acid is 
produced which on reduction yields thioglycollic 
acid (G.P. 180875; J.C.S. 1907, 92, i, 1008). 
The sodium salt or the ethyl ester reacts with 
potassium cyanide to yield the corresponding 
derivatives of cyanacetic acid (Phelps and TiUot- 
son, Amer. J. Sci. 1908, [iv], 26, 267, 275). 
The acid chloride, b.p. ca. 105°, 1'495 (Wurtz, 

Ann. Cliim. 1857, [iii], 49, 61) may he prepared 
from the acid and thionyl chloride (de Barry 
Barnett, Chem. News, 1921, 122, 220). The use 
of methyl (b.p. 133°), ethyl (b.p. 143-145°), 
isopropyl (b.p. 147-155°) and scc-butyl (b.p. 
165-170°) esters as fumigants has been investi- 
gated (Roark and Cotton, Ind. Eng. Chem. 
1928, 20, 513; Nelson, ibid. 1380). The esters 
are obtained by passing the vapour of the 
alcohol, or a mixture of the alcohol and acid, 
through the molten acid, Ti, Th or A I salts 
promoting the reaction (Jap. P. 43731). 

Dichloroacetic Acid, CHCL-COOH. — 
This acid may be prepared in 80-85% yield by 
the action of copper powder on trichloroacetic 
acid in water or benzene (Doughty, J. Amer. 
Chem. Soc. 1925, 47, 1091 ; 1931, 53, 1594) ; 
or by the interaction of sodium cyanide (2 mol.) 
and chloral hydrate (1 mol.) in boihng aqueous 
solution, acidifying and extracting (A. 1929, 63). 
Also from asymmetric dichloroacetone rvith 
nitric acid (U.S.P. 2051470 ; Chem. Zentr. 1936, 
II, 3468). 

Colourless liquid, b.p. 194° ; 144°/164 mm. ; 
125°/70 mm. ; 102°/20 mm. ; 94°/l-l mm. K=- 
6-14x10-2. 

Methyl Ester.— 143-144°; 49-8-60°/2 

mm. 

Ethyl Ester. — ^B.p. 158°. Prepared by treating 
chloral in alcoholic solution with potassium 
cyanide (Chattaway and Irving, J.C.S. 1929, 
1038) or from alcohol and dichlorovinyl ethers 
(G.P. 209268, 210502, 212592 ; J.C.S. 1909, 96, 
i, 463, 694, 873). 

Trichloroacetic Acid, CCIj-COOH. — ^Pre- 
pared by chlorination of acetic acid at 120° in 
the presence of sulphur, phosphorus or iodine as 
catalyst; or by the oxidation of chloral with 
' fuming nitric acid (Kolbe, Annalen, 1846, 54, 
183) or chromic acid (Clermont, Compt. rend. 
1873, 76, 774) or potassium permanganate 
{idem., ibid. 1878, 86,1270). 

Deliquescent crystals, m.p. 58°, b.p. 196-5°; 
141-142°/26 mm. N=l-2; sp.gr. 1-6298 at 
60-6°. Heat of combustion (constant pressure) 
92-8 kg.-cal. (Berthelot, Aim. Chim. Phys. 1893, 
; [vi], 28, 669). Electrical conductivity (Rivals, 

^ Compt. rend. 1897, 125, 274 ; Ostwald, Z. 

I physikal. Chem. 1887, 1, 100 ; 1889, 3, 177). 

ij The acid is readily hydrolysed to chloroform 

jf, and carbon dioxide by heating with water or 

,f alkalis (Dumas, Annalen, 1839, 32, 101). 

The acid has been used with success as a 
r J' protein precipitant (Cristolei al., BuU. Soc. Chim. 
biol. 1922, 4, 267) and also in toxicology for the 
isolation of alkaloids which might be destroyed 
by sulphuric acid (Florence, BuU. Soc. chim. 
1927, [iv], 41, 1097). Its distribution co- 


efficients between water and various organie 
solvents have been determined (Anderson, A. 
1929, 998) and also its solubility in different 
solvents (Kendall, Davidson and Adler, J. 
Amer. Chem. Soc. 1921, 43, 1487). Treatment 
with zinc in aqueous solution gives a quantita- 
tive jdeld of zinc dichloroacetate (Doughty, 
ibid. 1929, 51, 852). The sodium or zinc salt 
yields on electrolysis trichloromethyl trichloro- 
acetate (Elbs and Kratz, J. pr. Chem. 1897, [ii], 
55, 502). It forms compounds with aldehydes 
and ketones (Koboseff, J, Russ. Phys. Chem. 
Soc. 1903, 35, 652; Plotrikoff, ibid. 1904, 36, 
1088; 1906, 37, 875; Ber. 1906, 39, 1794). 
For molecular compounds of trichloroacetic acid' 
with alcohols, phenols and ethers, see Pushin. 
and Rikovski, Annalen, 1936, 516, 286. 

The acid has been shown to undergo the- 
Reimor-Tiemann reaction with phenols, but the 
3'ields are 2>oor (Van Alphen, Rec. trav. Chim. 
1927, 46, 144). 

Methyl Ester.— B.]). 152-3-152-5°/763-3 mm. 
(Schiff, Z. physikal. Chem. 1887, 1, 379 ; Ans- 
chiitz and Haslam, Annalen, 1889, 253, 124) ; 
1-4892 (Henry, J.C.S. 1885, 48, 1121). 

Ethyl Ester. — B.p. 164°; 1-369 (Claus,. 

Annalen, 1878, 191, 58 ; Briihl, ibid. 1880, 203, 
22 ; Schiff, ibid. 1883, 220, 108). 

The cobalt, manganese and cadmium salts of 
the chloroacetic acids have been iircpared by 
neutralising the acid with the metal carbonate- 
and evaporating in a vacuum desiccator (Amer. 
Chem. Abstr. 1929, 23, 3900), and also the uranyl 
salts (A. 1926, 372). 

Bhomoacetio Acids. 

Nlonobromoacetic Acid, CHjBr-COOH’. 
Prepared in 80% yield from 20 g. acetic acid, 
58 g. bromine and 0-4 g. red phosphorus as 
catalyst, at 100-105° (Amer. Chem. Abstr. 1922, 
16,2842); m.p. 60°; b.p. 203°; 168°/250 mm. ; 
118°/16 mm. ; 11=1-38 x 10"® at 25°C. For elec- 
trical conductivity, see Ostwald, Z. physikal. 
Chem. 1889, 3, 178 ; Kortright, Amer. Chem. J. 
1896, 18, 368. 

The aqueous solution decomposes slowly on 
heating, giving glycollic acid (Senter, J.C.S. 
1909, 95, 1828). The sodium salt heated in 
vacuo yields glycollide. Much work has been 
done on the physiological action of the acid and' 
its esters. 

Methyl Ester. — Prepared by heating the acid 
and alcohol in sealed tubes at 100° (Perkin and 
Duppa, Annalen, 1858, 108, 109) ; b.p. 144°' 
with decomposition. 

Ethyl Ester. — Prepared as the methyl ester or 
from ethyl alcohol and bromoacetylchloride (Gal, 
Annalen, 1864, 13*2, 179) ; b.p. 159°. 
p-Nitrobenzyl Ester has m.p. 88-89°. 
Dibromoacetic Acid, CHBCg-COOH. — 
May be prepared by dropping bromine into boil- 
ing acetic acid to which 6% of sulphur has been 
added, and finally raising the temperature to 
160° (Genvresse, Bull. Soc. chim. 1892, [iii], 
7, 365) ; m.p. 48° ; b.p. 232-234° (with decom- 
position) ; 195-197°/250 mm. Easily soluble in 
water and alcohol. 

Ethyl Ester. — ^Prepared from anhydrous sodium 
acetate (1 mol.), bromalcyanhydrin (1 mol.) 
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and absolute alcohol (Klebs, Z. phj'^sikal. Chem. 
1896. 19, 303) ; b.p. 192-194° ; 120-121774 mm. 

Tribromoacefic Acid, CBrg-COOH. — Pre- 
pared by gently warming bromal with fuming 
nitric acid and aUowing the mixture to stand for 
1 hour {Schaffer, Ber. 1871,4, 370). 

iVIonocIinie prisms, m.p. 130°. b.p. 245° (with 
decomposition). The acid is decomposed by 
water to give bromoform and carbon dioxide 
exclusively (De Groote, Bull. Soc. chim. Belg. 
1928, 37, *225). 

Ester . — Prepared by passing hydrogen 
chloride into a cooled alcoholic solution of tri- 
bromoacetic acid (Broche, J. pr. Chem. 1894, 
[ii], 50, 98) ; b.p. 225° ; 148°/73 mm. 

Chloroeeomoacetig Acuds. 

Chiorobromoacetic Acid, 

CHCiBrCOOH. 

Prepared by heating equimolecular quantities 
of monochloroacetic acid and bromine in sealed 
tubes at 160° (ffech and Steiner, Ber. 1875, 8, 
1174). Also prepared by the hydrolysis of the 
acid chloride obtained by the action of bromine 
on ajB-dichlorovinyl ether (Backer and Mook, 
J.C.S. 1928, 2125). Also by heating chloro- 
bromomalonic acid at 130° until evolution of 
CO2 ceases (Read and ilcMath, ibid. 1926, 
2183) ; m.p. 31-5°, b.p. 214-5° (decomp.), 103- 
104°/11 mm. (Backer and Mook, l.c.) ; m.p. 38° 
(Read and JIcMath, l.c.) ; b.p. 210-212° 
(Vander.=:tichele, ibid. 1923, 123, 1227). It is 
extremely deliquescent. Backer and Mook 
(l.c.) completed the resolution of this acid, em- 
ploying quinine for isolating .the dextro and 
brucine for isolating the kevo isomer, respec- 
tively- 

Amide, m.p. .126°. Ethyl ester, b.p. 174°. 
Phenyl ester, m.p. 46-5°, b.p. 266° (Crompton 
andTriffitt, ibid. 1921, 119, 1874). 

Monochlorodibromoacetic Acid, 

CCiBrg-COOH. 

Prepared by heating monochlorodibromoacet- 
aldehvde with fuming nitric acid (Neumeister, 
Ber. *1882, 15, 603) ; m.p. 89° ; b.p. 232-234° 
(with decomposition). Potassium hj^droxide 
converts it, on heating, into monochloro^bromo- 
methane. 

Dichloromonobromoacetic Acid, 
CClgBr-COOH. 

Prepared from dichloromonobromoacetaldehyde 
and fuming nitric acid (Neumeister, ibid. 1882, 
15, 603); m.p. 64; b.p. 215° (decomposition). 

loDOAOExro Acids. 

IVlonoiodoacetic Acid, CHgl-COOH.- — 
Prepared from monochloro- or monobromo- 
acetic acid and sodium iodide in acetone (G.P. 
230172, Chem. Zentr. 1911, I, 359), or from 
potassium iodide and chloroacetic acid in water 
at 50° (Kailan and Jimgermann, ibid. 1934, II, 
3240). Also bj" hydrolysis of the ethyl ester 
{q.v.) vith bai^'ta"^ water (Perkin and Duppa, 
Annalen, 1859, 112, 125) ; m.p. 82°. 

Ethyl Ester . — ^Prepared by the interaction of 
ethyl cldoro- or bromo-acetate, potassium iodide 
and alcohol (Perkin and Duppa, l.c.)-, b.p. 


j 69 /12 mm. ; 75— 78°/16 mm. The acid and its 
! ester possess marked poi.sonous properties 
' (CMopin, Amer. Chem. Abstr. 1928, 22 127 
649). 

ileihylEster. — Prepared in a manner analogous 
to the ethyl ester; b.p. 169-171°. sec-Octyl 
Ester, b.p. 146°-147/17 mm. (Rule and Mitchell, 
J.C.S. 1925, 3202). 

The neutral ammonium salt (ilcMaster and 
Pratte, J. Amer. Chem. Soc. 1923, 45, 299.9) and 
a basic ferric salt (A. 1926, 949) have been 
prepared. 

Di-iodoacetic Acid, CHIg-COOH. — Pre- 
pared by the interaction of 1 part of malom'c acid 
with 1 part of iodic acid in 4 parts of water; 
carbon dioxide is evolved ; the solution is cooled, 
filtered and allowed to stand. After 2 or 3 days 
crystals of tri-iodoacetic acid separate; these 
are filtered off and, after heating the filtrate, the 
di-iodo compound separates on cooling; m.p. 
110° (Angeli, Ber. 1893, 26, 596). 

Ethyl Ester. — ^Prepared by the interaction of 
ethyl dibromoacetate and potassium iodide in 
alcoholic solution (Perkin and Duppa, Annalen, 
1861, 117, 351), or of ethyl dicbloroaeetate and 
calcium iodide (Spindler, ibid. 1885, 231, 273). 
YeUow liquid, which cannot be distfiled un- 
changed rmder atmospheric pressure. 

T ri-iodoacetic Acid, C Ig-COOH. — ^Forpre- 
paration, see di-iodoacetic acid. Yellow plates, 
m.p. 150° with decomposition. By heating with 
acetic acid, iodoform and carbon dioxide are 
produced. 


Flttoeoacetic Acids. 

Trifluoroacetic Acid, CFg-COOH,— Pre- 
pared by the oxidation of trifluorotoluidine 
(Swarts, BtdI. Acad. roy. Belg. 1922, [v], 8,^724, 
Chem. Zentr. 1923, IH, 918). 

For the preparation of the ethyl ester jgjjg; 
126°) of trifluoroacetic acid, see Ray and '.X8° • 
ibid. 1937, I, 3627. Electrolysis of tri^ipix, 
acetic acid gives hexaflnoroethane {Swa20 mm. ; 
Acad. roy. Belg. 1931, [v], 17, 27). Tr.,^ 1913, 
of the silver salt in ice-cold 30% solu| jqg0’ 
benzene with iodine gave the anhydride (Pr 
Amer. Chem. Abstr. 1930, 24, 589). \ 

Ethyl Fluorodibrom oacetate . — Prepar 
the reaction of 1 mol. ethyl tribromoaceta!^, 

4 mol. silver fluoride at 190-200°. It is 
soluble liquid and readily hydrolysed by 
(Ruthbury, Ber. 1918, 51, 669). 
HALOTRICHITE, 

FeS04-Al2(S0j3-24H20, 399, 


occurs naturally as silky, fibrous, effloresct’^^’ 
masses of a yellowish-white colour; nan^- 
from oAs, salt, and dpc'i, -rplxos, hair, 
results by the action of the products of decom' 
position of pyiite on surroimding aluminous 
rocks, as at Hurlet and Campsie near Glasgow ; 
and also by the action of volcanic gases on rocks.' 
as at the Solfatara di Pozzuoli near Naples, 
and in Iceland, where a variety called “ hver- 
salt ■’ is found. A large deposit occupies the* 
crater of an extinct volcano near the source of , 
the Gila river in Grant Co., New Mexico- At 
Urmia in Persia the mineral has been used for 
making ink. 
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HALOXILINE (Vol. IV, 463&). 

HALPHEN-HICKS REACTION (Yol. 
HI, 29.‘5«). 

RALPH EN TEST (Vol. U, 1G76). 

HALVORSAN PROCESS (Vol. I, 268c). 

HAMAMELiN. {Extract of Hamanielis 
B.P.O.) A solid extracted bj’’ alcohol from the 
dried leaves of Hamanielis virginiana Linn, 
and used in medicine as an astringent, princi- 
pally in the treatment of piles. The drug occurs 
in the form of a green or almost black powder ; 
the brown substance formerly appearing in com- 
merce under tliis name was prepared from liama- 
melis hark. Berry (Pharm. J. 1936, 2, 247) 
suggested improvements in manufacture to en- 
sure maximum sohihility and activity. 


A. D. P. 

HAMAMELIS. The dried leaves of the 
witch-hazel, Hamanielis virginiana Linn., a 
shrub indigenous to North America. The drug 
contains tannin, gallic acid and a trace of a 
volatile oil. Liquid and solid extracts prepared 
from the drug are used in medicine as astrin- 
gents {v. Hamamelin). The fresh leaves of the 
witch-hazel are used to prepare a distilled ex- 
tract {Liquor Hamamelidis B.P.C.), a wealdy 
alcoholic, colourless liquid, possessing the cha- 
racteristic odour of witch-hazel, hut practically 
devoid of tannin. It is used externally in 
medicinal and cosmetic applications for the 
treatment of sunburn and other skin troubles. 
Haniamelis bark {Hamamelidis Cortex B.P.O.) 
is no longer an official pharmacopmical drug, but 
is still used in medicine in the form of a tincture 
{IHnrlura Hamamelidis B.P.G.). The bark con- 
tains about 6 % of tannins, including crystalline 
hamanielitannin, gallic acid, resin, fat and 
~'Q.j^\sterol. For description of hamamelitannin 
jjj' its derivatives, see Freudenberg and 
jQjjj mel (Annalen, 1924, 440, 45) ; Schmidt 
jjjIj 1929, 476, 250). 

chlorn !*• 

cyanide ^MELOSE (Vol. II, 288d). 
ibqo “bERGITE (Vol. I, G85a). 

(G J "(LINITE (Vol. V, 263c). 
i 46^ 'ISA YELLOWS (Vol. IV, 235a). 

’ -pri^DEN AND YOUNG ESTER (Vol. V, 
pared 
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Y O I LS . The scarcity of natural solid 


fmjji^)mpared with the relative abundance of 
oils is one of the outstanding features of 
1873 rtty oil trades. This unequal distribution 
^j'j^g^aused a greater value to be attached to the 
ji fats, and, with increasing demand for 
j^ble oils, there has arisen a desire for methods 
0 Q producing solid fats from liquid material. 
gjemicaUy the main difference between these 
pvo classes of fatty product is a preponderance 
f saturated long chain fatty acid esters (glyce- 
ides) in the solid fats and of corresponding 
msatmated compounds in the oils. 

The successful reduction of the unsaturated 
esters by catalytic hydrogenation is probably 
the most important development in the oil 
industry of the last 30 years. Prior to the intro- 
duction of this process various methods had 
been tried, Varrentrapp’s reaction forming the 
basis of one of the most interesting. According 
to tliis oleic acid is converted to palmitic acid by 
VoL. VI. 1 2 


[ fusion with alkali hydroxide. In practice the 
process was limited to the treatment of fatty 
acids and was not applied to neutral glycerides. 
It yielded material of poor colour and the large 
volumes of h 3 ’'drogen liberated were a source of 
danger. 

Schmidt’s process of heating oleic acid with 
zinc chloride at 185° requires a distillation of the 
product, and this is attended by partial decom- 
position of the )3-hjffiroxystearic acid formed 
in the reaction, into oleic and isooleic acids. 
Better results were obtained by methods in 
which oleic acid was treated with sidphuric 
acid at a low temperature, and the resulting 
sulphonated compound decomposed by means 
of water into hydroxystearic acid and free 
sulphuric acid. By distillation of the hydroxy- 
stearic acid a mixture of oleic acid and its 
solid isomeride tsoolcic acid was obtained, the 
latter being of commercial value as a candle 
material. 

In 1897 Tissier (F.P. 263158, .1897) claimed a 
process of converting oleic acid into stearic acid 
by means of the nascent hy drogen liberated 
when fats are heated, in an autoclave, with 
water and finelj'' divided zinc ’ but Freundlich 
and Rosauer (Chem.-Ztg. 1900, 24, 566) found 
that the process did not produce the results 
claimed for it. 

Electrolytic methods of hydrogenating oleic 
acid are claimed in the patents of Magnier, 
Brangicr and Tissier (B.P. 3363, 1900) and of 
HomiJtinne (B.P. 1572, 1905). According to the 
latterj oleic acid is spread in a thin layer on 
metallic plates, between which is passed a silent 
discharge, whilst the air in the vessel is replaced 
by hydrogen. Under these conditions hydrogen 
is absorbed, with the formation of a considerable 
proportion of stearic acid and other substances 
of higher melting-point, and the process is 
repeated until about 20-30% of the oleic acid 
has been converted. The solid products are 
then separated by chilling and filtering the 
mixture. 

Better yields were obtained in Boehringer’s 
process (G.P. 187788, 189332, 1906) in which the 
cathodes consisted of platinum coated with a 
la 3 mr of spongy platinum, or palladium coated 
with palladium black. 

These methods are of historic, rather than 
practical, interest and their application on a 
commercial scale has not achieved notable or 
lasting success, later catalytic methods having 
proved to be superior. Recently, however, 
attention has again been directed to methods 
of converting olein to elaidin or other isooleins 
as a means of hardening oOs. A process of S. H. 
Bertram (Ole, Fette, Wachse,. Seife, Kosmetik, 
1938, No. 7, 1-4) claims that the conversion 
may be accomplished by means of 0 - 1 - 1 % of 
selenium at 150-240°C. with formation of a 
product of satisfactory colour. 

Development of Hydeogenatxon 
Peooesses. 

The modem methods of catalytic hydrogena- 
tion are based on the investigations of Sabatier 
and Sentlerens, who showed that the unsaturated 
bonds' in organic compounds could be made to 
combine with hydrogen by passing a mixture 
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of gases, e.g. ethylene or. acetylene mixed, -with 
hydrogen, over heated finely divided nickel; 
cobalt, iron and platinum were less effective 
(Compt. rend. 1897, 124, 1358; 1899, 128, 
1173 ; 1900, 130, 1628, 1761 ; 131, 40, 187). 

A German patent for the hydrogenation of 
oils on these lines was taken out in 1902 by 
LePrince and Siveke, G.P. 141029, whilst in 1903 
Normann (B.P. 1.515, 1903) claimed a process of 
catalytically hydrogenating oils either in the 
form of vapour or as liquid. He stated, for 
example, that by suspending nickel powder in 
oleic acid heated in an oil bath, and passing a 
current of hydrogen, or of a gaseous mixture rich 
in hydrogen, through the liquid, the oleic acid 
could be completely converted into stearic acid. 

Sabatier (Ann. Chim. Phys, 1909, [viii], 16, 
73) converted oleic acid vapour into stearic 
acid by means of hydrogen and nickel, but 
believed that the vapour state was necessarj’^ for 
the reaction. 

Successful technical hydrogenation of fats 
dates from the Normann patent. As was in- 
evitable many difficulties were encountered in 
developing the method and it was not until the 
process was acquired by Joseph Crosheld & Sons 
of Warrington that it became, ivdth Dr. Nor- 
mann’s assistance, a practical success. By 1910 
several hundred tons of hardened oil were being 
produced per week and the process enabled sub- 
stitutes to be produced at a price between £10 
and £20 a ton cheaper than tallow. Economic 
changes, however, have affected the position 
considerably and it may now be said that the 
development of hydrogenation and the conse- 
quent increase in production of whale oil have 
caused the value of almost aU edible oils to 
depend mainly on the value of whale oil. 

The development of hydrogenation may be 
traced from the following account of some of the 
more important processes which have been 
patented since 1903. 

An exhaustive account of these and other 
processes, and indeed of everything connected 
with oil-hardening, will be found in C. Ellis, “The 
Hydrogenation of Organic Substances, in- 
cluding Fats and Fuels,” 3rd ed., D. van No.st- 
rand Co., New York, 1930. 

In Day’s process (U.S.P. 826089, 1906) 
catalytic hydrogenation of hydrocarbon oils is 
employed to effect deodorisation, palladium 
black being used preferably as the catalyst. 

Treatment of hydrocarbon oils by catalytic 
hydrogenation is now carried out on a large scale 
to produce greater proportions of valuable frac- 
tions from mineral oils. Complex mixtures of 
oxides and sidphides of various metals are em- 
ployed as catalysts, and the reaction is con- 
ducted at high temperatures and pressures 
(v. Hydbogexatiok oe Coal). 

An apparatus claimed by Schwoerer (G.P. 
199909, 1906) consists of a vessel containing a 
helical trough the underside of which is coated 
with asbestos impregnated with nickel. The 
oily substance, e.g. oleic acid, is brought into a 
fine state of division by means of superheated 
steam, and passed, together with hj’^drogen, into 
the vessel, where the mixture is heated to 
250-270’’. Under these conditions the hydro- 
gen is absorbed, and the stearic acid deposited 


to a large extent in the trough. Bedford and 
Williams’ process (B.P. 9112, 1908) is concerned 
with the hydrogenation of oleic acid in the form 
of spray, the mixture of acid and hydrogen 
passing through two separate layers of catalytic 
material in a vertical tower, the internal tem- 
perature of which is maintained at about 200°. 
The reduction is carried out under ordinary 
pressure, vacuum is then applied and the pro- 
duct distilled over into a receiver connected to 
the tower. 

In his processes described in G.P. 211669, 
1907, 221890, 1909, Erdmann claims a method of 
hydrogenating oils in the form of a fine spray in 
presence of a nickel or other catalyst. Thus the 
oil may be finely divided by means of a jet of 
hydrogen in a chamber containing a rotating 
cylinder covered with a layer of the catalytic 
agent, and is then made to pass through a bed 
of pumice impregnated with nickel. Or the oil 
may be introduced as a spray into a tower nearly 
filled with porous catalytic material, and there 
meet a current of hydrogen from another inlet, 
the temperature being maintained at 170-180°. 
The sohd product is preferably purffied by treat- 
ment with steam under reduced pressure. 

In the Kayser process, which is stated to be 
employed on a large scale in the United States, 
an inert powder such as kieselguhr is used as 
the carrier for a nickel catalyst, the oil being 
agitated uith this at about 150-160°. One 
form of apparatus, used for effecting an intimate 
admixture of oil and catalyst, consists of a hori- 
zontal cylinder in which revolves a paddle 
wheel the skeleton blades of which are covered 
with wire gauze. Hydrogen under pressure is 
introduced at one end of the cylinder, and the 
unabsorbed gas is drawn off at the other end. 

Hydrogenation under pressure is also a 
feature of Testrup’s process (B.P. 7726, 1910), 
the mixture of finely divided oil and catalyst 
being pumped into a vessel containing an atmo- 
sphere of hydrogen. For example, a mixture 
of oil and palladium, or preferably nickel, may 
be heated to about 160° in a jacketed chamber, 
containing hydrogen under 12 atm. provided 
with a stirring device, and then forced through 
spraying nozzles into a second chamber, where 
the temperature is maintained at about 160-- 
170°, and in which a hydrogen pressure of 
9 atm. is maintained. K still harder products 
are required, the process may be repeated m 
another chamber into which hydrogen is 
admitted at a pressure lower by 3 atm., or a 
whole series of connected vessels may be used. 

The use of autoclaves for hydrogenating oils 
has the advantage that the conversion is effected 
at a relatively low temperature (100-160 ) 
thus obviating the risk of injury by ov®p* 
heating. In Wilbuschewitsch’s process (F.r. 
426343, 1910) an intimate mixture of the oil 
and catalyst is pumped or injected into a series 
of connected autoclaves, through which cir- 
culates a current of hydrogen in the_ opposite 
direction. , The gas may be admitted in such a 
way that it disperses, in the form of a spray, the 
oily mixture accumulating in the bottom of the 
vessel, which is pumped into connected auto- 
claves, where the process is repeated until the 
product has the desired melting-point; or the 
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li 3 'drogen passes counter-current through re- 
ducing valves into successive autoclaves ^v^th 
corresponding diminution of pressure. 

In the ]5rocess claimed Bedford and 
Williams (B.P. 29612, 1910) about 1% of a 
metal oxide catalj'st is added to the oil, vdiioh is 
heated b 3 '^ means of a steam coil, in a closed 
vessel, to about 260°, -while hydrogen is intro- 
duced through a perforated pipe at the bottom 
of the vessel. By using a mixture of hydrogen 
and ox 3 'gen in place of pure h 3 'drogen, h 3 ’-droxy- 
fatt 3 ’^ acids, or their compounds, may be pro- 
duced by this pi'ocess. 

In order to effect the hydrogenation in stages 
at different temperatures Ellis has devised a 
method ■whereb 3 ' the mixture of oil aud metal 
oatal 3 'st is made to pass in a continuous stream 
through a long tube divided into a series of 
compartments, and encounters a current of 
h 3 'drogen travelling in the opposite direction. 
Different temperatures are maintained in the 
different compartments, e.g. 150° in the first, 
165° in the second, and 180° in the last (B.P. 
24081, 1912). In Pictet’s iirocess (F.P. 472080, 

1913) the oil, with or without the addition of a 
catalyst, is made to j)ass by gravitation through 
a series of communicating tubes, the' walls of 
which are composed of catalytic metal. H 3 ’dro- 
gen is introduced under suitable pressure, and 
the oil is finel 3 ’^ divided and brought into intimate 
contact with the gas by means of rotating 
devices which brush contiiiually against the 
walls of the tubes. 

In order to obtain a largo surface of catalytic 
material Dewar and Liobmann (B.P. 16668, 

1914) distribute the catalyst over fibrous 
material such as yam, whicli for strength ma 3 ' 
be enclosed between sheets of udro gauze. Or 
the fibrous material may bo supported on 
frames attached to the agitator, or wound round 
the blades of the agitator in the hydrogenating 
apparatus. 

In Calvert’s hydrogenation process the oil 
is mixed with the catalyst and treated with 
h 5 'drogen in a closed vessel containing a comb- 
shaped rotating agitator to subdivide the oil, 
whilst a centrifugal propeller at the base flings 
the mixture ripwards to be beaten again (B.P. 
5967, 1914). 

The method of effecting minute subdivision 
of the oil adopted by Moore (U.S.P. 1121860, 
1914) is to pass it together with the hydro- 
gen through catalytic material which may be 
contained in a diaphragm porous to the oil and 
gas, but not to the catalyst. 

Lane’s apparatus (B.P. 968, 1915) consists of a 
vertical C3dindrical vessel which is heated by 
means of a steam jacket or otherwise. Beaters 
rotating horizontaU 3 ’- round a central shaft 
alternate with ammlar sloping shelves on the 
sides of the vessel, so that the oil and catalyst, 
entering at the top, are alternately spr.ayed out- 
wards to the sides and guided to the centre of 
the beaters next below ; and so on, until the 3 '' 
reach the bottom and are then pumped again to 
the top. The hydrogen enters by a pipe at the 
base of the apparatus. 

In Walker’s process (U.S.P. 1123962, 1915) the 
melted fatty acids or glycerides are sprayed by 
means of hydrogen under pressure against 


i7ii 

heated, finel 3 ' divided, catalytic material, in 
presence of an electric discharge. 

The essential features of the process of Birkc- 
land and Devik (U.S.P. 1125259, 1915) are that 
the oil is mixed with the catalyst and a portion 
forced from a jot into an atmosphere' of hydrogen, 
and thence downwards into the bod 3 ' of the oil, 
whereby h 3 ’drogcn is conve 3 md by suction to the 
bottom of the vessel and is absorbed on rising 
through the oil. 

McElroy (U.S.P. 1157993, 1916) claims the use 
of an cmulsif 3 dng process. Ereshty reduced 
nickel is mixed with the oil, ' and' h 3 'drogen is 
made to circulate through the liquid in minute 
ascending bubbles in a special form of apparatus, 
in such a wa 3 ms to produce a g.as-liquid emulsion. 



The aj^paratus devised by Maxted and Rids- 
dale (B.P. 109903, 1916) consists of a vertical 
column provided with baffle plates, so arranged 
that a mixture of oil, catalyst and hydrogen, 
projected into the top of the vessel, is rotated 
alternately first in one direction and then in the 
other on its passage to the bottom. 

The essential feature of the jjrocess of Wells 
(U.S.P. 1383887, 1921) is the vigorous agitation 
of the reaction mixture by the introduction of a 
stream of hydrogen from beneath. 

In the apparatus described by Mellersh-Jack- 
son (B.P. 176021, 1920), hydrogen is admitted 
through a distributing plate of porous material 
and rises in uniform bubbles tlwongb tbe oil . In 
another type of apparatus (Ellis, U.S.P 1480251., 
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1024) the oil 3= made to circulate in Tertical 
jjlanes in a long horizontal cylindrical taiik hy 
means of convection currents produced by heat- 
ing cods placed in suitable positions. In another 
patent, also of Ellis (U.S.P. 1476330, 1923), the 
hydrogen is made to bubble through the oil at 
150-200% and is arrested by the nickel catalyst 
•which is contained in a finely di'vided powder of 
inert material. 

A new type of apparatus and process is 
claimed by Ruben (U.S.P. 1554296, 1925), in 
which a liquid with a high dielectric constant 
is passed upwards through a metal cylinder, 
containing a suspended porous pot with a di- 
electric constant lower than that of the liquid 
imder treatment. This pot, which has a conduc- 
tive inner surface, is supplied with a high fire- 
quencj' alternating current of high potential, 
whilst the conductive waU of the outer cylinder 
is connected with the other pole. Under these 
conditions hydrogenation of the oil is effected 
■without the use of a catalyst. 

In B.P. 3411-53, 1929, claim is made by the 

l. G. Farber3ind. A.-G. for resistant zinc alloys, 

m. p. above 500^, for constructing or lining the 
hydrogenation vessels and connections. 

In 1922 E. R. Bolton (J.S.C.I. 1922, 41, 384R) 
noted that the technical application of an 
apparently simple catal 3 'tic reaction had already 
inspired the subject-matter of 300 patents. This 
number has been largely increased since, and it 
may be said that the processes now in operation 
are aU based on the fundamental concept of 
Sabatier-Sendeiens and differ only in method of 
catalj’st production, mechanical details of 
admixture of oil, catalyst and hydrogen ; reaefiou 
conditions of temperature and pressure, and 
after-treatment of products. A comparatively 
small weight of hydrogen is required (less 
than 0-7% by weight) but its volume is such 
that the efficiency of the process necessarily^ 
depends largely on the degree of admixture 
of the reactants -with the catalyst and on the 
efficiency of the latter. 

C'aTAUYSTS rOE HYDEOGESAHO^r. 

In the original investigations on catalytic 
hj'drogenation by* Sabatier and Senderens finely 
divided platinum or palladium was used as the 
catalytic agent, but as nickel is a much less 
expensive catalyst than those metals it is now 
almost universally employed for the hydro- 
genation of oils and fats. The use of other 
metals such as palladium, cobalt, iron and copper 
as catalytic agents has also been claimed in 
several of the patent processes of hydrogenation- 

In preparing a nickel catalyst the usual 
method is to precipitate nickel hydroxide or ! 
carbonate from a solution of a salt such as nickel | 
sulphate, in the presence of inert material such j 
as Ivie'elguhr, io dry the sludge and to reduce j 
it in a current of hvdrorren at a temperature of 
300-325U 


carbonate and kieselguhr is dried, ground 
and roasted to convert the carbonate info o.tkir, 
after which it is heated in a current of hydrogen. 

One form of apparatus used for this'purpof* 
is a vertical vessel provided -with e.vtemal 
means of heating, and containing a series of 
reciprocating grids. The powdered material is 
introduced at the top and foils on to the succe-'- 
sive grids, the movement of which e.xposes fresh 
particles to the current of hydrogen, which is 
admitted at the base, and rises through the 
grids to the outlet at the top of the apparatn'-'. 
The reduced material falls into a vessel contain- 
ing oil of the same kind as is to be hydrogenated, 
and, after being thoroughly mixed, the oily mas-, 
is ground imtil of the desired consistency. 

The method of preparing the catalyst has a 
considerable influence on its acti-rity and its 
resistance to external influences. For example, 
nickel which has been reduced at as low a tem- 
perature as possible is more effective than that 
reduced at a higher temperature, but, on the 
other hand, is also more sensitive to the action 
of catalyst “ poisons.” Ellis (J.S.C.I. 1912, 31, 
1163) gives 300-325° as a suitable temperature 
for the reduction. According to Kelbcr, hoir- 
ever (Ber. 1916, 49, 1868), a catalyst prepared by 
reducing basic nickel carbonate "nith hydrogen 
at 450° is more sensitive to poisons than one 
prepared at 310°. On the other hand a catalytic 
agent prepared by reducing the basic carbonate 
on Florida earth (Kelber, /.c., p. 60) at "450 ' 
proved remarkably’’ resistant to the action of 
hydrocyanic acid, hydrogen sulphide and carbon 
disulphide. 

Nickel catalysts may be prepared ftorn car- 
bonates and oxides of the metal by reduction at 
temperatures as low as 150°C. and will remain 
active in use for long periods with suitable oil. 

The activity’’ of a catalyst has also some deter- 
mining effect on the nature of the reaction, sup- 
pre.ssing or promoting the formation of homcric 
glycerides of oleic acid which always accompanies 
hydrogenation of unsaturated fatty oils. 
31. G. Barradas (U.S.P. 2014999, 1935) claims 
to control the selectivity’ of hydrogenation by 
admixing various proportions of an inert gas 
with the hydrogen used. 

Reduced iron, sodium ' chloride, sodium sul- 
phate and sodium nitrate have no influence on 
the activity of nickel catalj’sts. but sodium sul- 
phide gradually’ impairs the efficiency.^ and 
Hidphur destroys it immediately (Moore, Bicbter 
and Van Arsdel, Tnd. Eng. Chem. 1917, 9, 
451). Nickel may also be rendered inapti%-c by 
trac'es of chlorine and of deeomposihon pro- 
ducts in the oils undergoing hydrogenrifion. 
For this reason lo’w-grade oih', stick as ulmb' 
and fish oils, may speedily render .a nicrnl 
catalyst inactive. Heating and agitating ta'' 
oil -with freshly-precipitatcd copj>cr liydroxi'ie 
has been found an effective means of remormt 

from such oil-', 
treatment vitb 

- and Vi eils 
howei’f ->■. jr i- 
tv:o 

iy ' i/V'.i' 
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j the pol-'onous constituents 

In Lane’s process (Engineer, 1917, 123, 511) 1 especially nficr a preliminary* 

.solutions of nickel sulphate and of sodium car- ; sodium carlronatc solution (Elh 
bonate an; prepared in separate tanks provided j Hid. I9IG, 8, 8S6). In some c.a-cy, 
ivith stenra jet--', and are transferred into a. i nc'essary' to hydro:,'enate the oil in 
third t.ank provided with a mixing apparatus | filtering fiff the catalyst after it ha* 
and containing inert siipport-rnaterial, such as | inactive, t eno f.T. C*h<‘m. Ind. Tokyo, 
Idc-'-efouiir. The mixture of precipitated nickel 1 Sfos) has -hown that po’.vdf-rcd rnet.a'- 
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reduced by hydrogen), such as nickel, tin, zir- oxides of other metals. In ca^ying out the 
conium and copper, have but little injurious process the oil is heated to 180° in a cylindrical 
action on catalytic hydrogenation, but that iron, copper vessel fitted with an agitator, while a 
zinc, lead and mercury act as poisons. slow current of hydrogen is passed through it. 

For a detailed study of the effect of various A small quantity of nickel oxide is introduced, 
catalyst poisons on platinum, see Maxted (J.C.S. the temperature raised to 255-260°, and, after 
1925, 127,73; 1928,1600; 1931,2203). the addition of more catalyst, the supply of 

Catalysts resistant to poisoning by sulphur are hydrogen is increased. It is claimed that the 
prepared, according to B.P. 415203/1923 of lij-’drogenated product is free from hydroxy- 
I.G. Farbenind. A.-G., in the form of sulphides acids, and that niclcel soap is formed only to a 
of the heavy metals of groups V and VI and Re, very limited extent. 

Ni, Co. The best results are obtained with Erdmann and Rack attribute any activity of 
Mo or W sxilpliides singly or as a mixture. nickel borate to the formation of nickel oxides 
The efficiency of a catalytic metal, being at any at 200°. Contrary to the claim of Selionfeld, 
rate partly determined by the extent of its sur- they find that nickel 'borate does not convey 
face, is considerably increased by distributing it hydrogen to unsaturated fats at 175°. Nor- 
over a porous non-catalytic support such as niann, however, attributes the catalytic activity 
charcoal, powdefed pumice or Idcsclguhr, and of nickel borate to the formation of mebaUic 
the method of impregnating the support with nickel produced by the hydrogen during the 
the metal forms the subject-matter of numerous hydrogenation process, and finds that there is 
patents. In Crosfield’s process (B.P. 30282, no positive evidence of the presence of nickel 
1910) an inert medium, such as asbestos or Idesel- suboxide. 

guhr, is impregnated with a solution of nickel Mcigen’s e.xperiments (J. pr. Chem. 1915, [ii], 
sulphate, and then treated with a solution of an 92, 390) are opposed to the view of Erdmann 
alkali hydroxide. The mass, which now con- and Bedford, that an oxide or suboxide of nickel 
tains nickel hydroxide, is washed, dried and is the catalytic agent. He concludes that while 
heated in a current of hydrogen ; and the result- it is conceivable that their view may be correct, 
ing product should contain about 30% of metallic it is a hypothesis whicli is lacking in e.xperi- 
nickel. mental proof. 

Kayser (U.S.P. 1004034, 1911) saturates the In Byron’s method of preparing a stable 
porous support with a solution of a nickel salt, catatyst (B.P. 13382, 1913) the solution of a 
and incorporates therewith molecular proportions salt of a cataljdically active metal, such as 
of powdered sodium carbonate. The mixture nickel sulphate, is treated with a solution of an 
is then treated with boiling water, dried and the alkaU silicate, and the precipitate dried, and, if 
nickel salt reduced. In a later patent (U.S.P. desired, reduced in a current of hydrogen. 
1001279, 1911) Kayser claims a method of pre- Richardson (U.S.P. 1151718, 1915) claims 
paring a catalyst which may be exposed to the the use of an oleate of nickel or other metal ; 
air for several days without undergoing oxida- whilst Bacon and Nicolet (U.S.P. 1152591, 1916) 
tion and losing its catalytic activity. In this prepare a catalyst containing nickel hydroxide 
process nickel oxide is reduced at about 500- and aluminium hydroxide, in which the nickel 
600°, and a current of carbon dioxide passed has been rendered active by reduction _ with 
through the material until the gas leaving the hydrogen. Catalysts composed of aluminates 
apparatus is no longer inflammable. of nickel or other heavy metals have also been 

In Bolton and Lush’s process (B.P. 162382, patented by De Nordiske Fabriker De-No-Fa 
1920) the poisoning of the catalyst through the A/s. (B.P. 140371, 1919). 

formation of nickel soap is prevented by adding Catalysts are prepared by Raney (U.S.P. 
mono- or diglycerides to the oil. These combine 1628190, 1927) by alloying nickel and aluminium 
with any free fatty acids present and so prevent and submitting the alloy to the action of aUrali. 
the nickel being attacked. Bolton has also The resulting material having a cellular micro- 
claimed a method of restoring the activity of the structure is of a very active nature and 
catalyst by washing it in the apparatus, first has been much employed — chiefly in research — 
with hot oil to remove soap and then with a under the name of “ Raney nickel” If the 
solvent to remove the oil (B.P. 162370, 1920). action of the alkali is restricted to the surface 
Lessing (B.P. 18998, 1912) claims the use of a of turnings of the alloy the catalyst may be used 
catalyst composed of nickel carbonyl or other in massive form, thus leaving only traces of 
raetaUic compormd which undergoes decom- metal to be removed from the oil after hydro- 
position at the temperature of hydrogenation. genation. 

Reduction of nickel formate in the oil itself L. G. Jenness (Oil and Soap, 1934, 11, 131) 
is described in a process of Brochet (BuU. Soc. prepares “ foraminafe ” catalysts by selective 
chim. 1920, [iv], 27, 899). Processes based on corrosion of aggregates of the catalytic metal 
this method have acquired considerable technical and other material, claiming such catalysts to 
importance. be of superior activity. 

Bedford and Erdmann (B.P. 27718, 1912) A catalytic agent claimed by Ellis (U.S.P. 
make uSe ofmetallic oxides in a form suitable for 1156068) is prepared ly incorporating hydrated 
catalytic agents. They assert (J. pr. Chem. nickel hydroxide, Ni(OH)2,H20, with an oily 
1913, [ii], 87, 425) that nickel oxides are much medium, reducing the nickel compoimd rvith 
less sensitive than metallic nickel to external hydrogen, and removing moisture from the 
influences, and that they effect more rapid product. In another process, also patented by 
hydrogemtiow. The activity of the catalytic Bliis (U.S.P. 1159480, 1915), a haaio compound 
agent is increased by the presence of the of nickel is partly reduced with hydrogen to 
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obtain a catatyst consisting of nickel and a lower 
oxide of nickel. 

Catalysts described by EUis (U.S.P. 1378336- 
7-8, 1921) are prepared by incorporating organic 
salts of nickel, etc., "ndth an oUy medium, and 
heating the mixture at reduced pressure, e.g. 
heating nickel oleate in the presence of non- 
reducing inert gases ; and by reducing mixtures 
of metallic salts of nickel, copper and cobalt in 
an oily medium. 

Armstrong and Hilditch (Proc. Roy. Soc. 
1922, A, 102, 27) investigated the influence of 
copper in promoting the activity of a nickel 
catalyst. Thej’^ found that a lower temperature 
(180°) was required for the reduction, whereas 
the nickel compound by itself was not reduced 
by hydrogen below 300°. Grote (Seifens.-Ztg. 
1920, 47, 713) found that hy using a catalyst 
consisting of a colloidal double nickel and mag- 
nesium (or aluminium) silicate, dried and reduced 
in hydrogen, the time of hydrogenation could be 
reduced to 10 minutes and the temperature to 
160°. The addition of a phenolic substance 
(quinol, guaiacol or resorcinol) is claimed to 
accelerate hydrogenation (Lever Bros., Ltd., and 
R,. Thomas, B.P. 208189, 1922). 

i\letaltic soaps and other impurities which 
act as “ poisons ” to the catalyst may be 
removed by treatment mth Japanese fuller’s 
earth (S. Ueno, J. Soc. Chem. Ind. Japan, 1920, 
23, 1028). 

CoXTES'ITOnS Peocesses. 

A series of processes were devised for the 
continuous hydrogenation of oils by Bolton and 
co-workers firom 1920 onwards in which the 
catalyst is used in massive form and oil is passed 
over it at suitable temperatures in an atmosphere 
of hydrogen. Thus E. R. Bolton (B.P. 162370, 
1920) activates nickel wool by treating it with 
nitric acid in liquid or vapour form, then 
roasting it and reducing adhering oxides with 
hydrogen. Oil and hydrogen are passed in 
counter- current over the catalyst which may be 
reactivated by treatment with hot oil and 
solvents. 

A great advance was made by the introduction 
of Bolton and Lush's continuous process (Lush 
and Technical Research Works, Ltd., B.P. 
203218, 1922), which is successfully worked 
in many countries by licences from Technical 
Research Works, Ltd. The catalyst consists of 
nickel wire or turnings enclosed in cages of 
metallic gauze. The cage and its contents are 
coated with a film of nickel peroxide in an 
electrolytic bath, with the cage itself as -the 
anode, whilst a 5% solution of sodium carbonate 
fo rms the electrolyte. The cages are inserted 
into the apparatus and the nickel peroxide is 
reduced to nickel by means of a current of 
hydrogen at 200-250°, after which the tempera- 
ture is allowed to fall to 180°, and the oil is 
made to flow over the catalyst. When the 
catalyst becomes inactive (after periods up to 
6 months) the residual oil is extracted from the 
cages in situ, the solvent is removed, and the 
cages and their contents are re-activated by 
anodic oxidation in the electrolytic bath and 
returned to the plant for further use. A 


description of the plant on an industrial scale 
is given by Lush (Ind. Chem. 1927, 3, 249). 
Manderstam (Oil and Soap, 1939,- 16, 166) deals 
with later developments. In addition to the 
advantage of the process being continuous, it is 
claimed that there is no hydrolysis of the oil, 
that the period of initial heating is short, and 
that the cost of production is lower than in the 
older powder processes. 

Reference may also be made to the “ T.R.W. 
Interchange Process,” in which a saturated 
body {e.g. butyl alcohol) is mixed rath an un- 
saturated body {e.g. olein), and the mixture is 
passed over the catalyst under conditions similar 
to those employed for direct hydrogenation. 
Hydrogen is transferred from one body to the 
other, with the formation of e.g. butaldehyde 
and stearin.. According to the patent of 
Technical Research Works and Lush (B.P. 
221000, 1923) the spent catalyst is freed from 
oil, and is then oxidised at the surface with 
hypochlorous acid and reduced with hydrogen, 

HyDEOGEN EOE Cataeytio Pbooesses. 

One of the main essentials for the successful 
hydrogenation of oils is a supply of pure hydro- 
gen. The gas must be free from sulphur, 
chlorine, arsenic and phosphorus, and contain 
only negh'gible quantities of oxygen or oxides of 
carbon. 

In some of the larger works (Siemens- 
Schuckert, Ateliers ■ Oerhkon) a very pure 
hydrogen, containing as impurity only 0-2% 
of oxygen, is prepared by the electrolysis of 
alkaline distflled water. In other works water 
gas or producer gas is used as the somce of 
hydrogen. The methods of Linde-Frank-Caro 
and of the Soc. de I’Air Liquide are based on a 
fractional distillation of the liquefied com- 
ponents of water gas. The resulting hydrogen 
is of 97-98% purity, and is brought to 99- 
99-5% by being passed over soda-lime heated 
to 180°. 

In Lane’s process (Anon., Engineering, 1917, 
123, 546) steam is decomposed by means of 
reduced iron, and the resulting iron oxide is 
reduced by purified water gas. Spathic non 
ore (ferrous carbonate) is used as the original 
source of iron. This, when heated, yields a 
porous mass of ferrous oxide, which is packed 
into a retort, where it is alternately reduced 
and oxidised. The cost of hydrogen made by 
this process was about 4s. 2d. per 1,000 cu. ft. 
(Ellis, J.S.C.I. 1912, 31, 1164). A mixture of 
steam and water gas is used by the Soc. Lyon- 
naise du Gaz and the Griesheim-ElektronCo., the 
decomposition being effected by means ‘of ^ 
mixture of lime and iron. These methods yield 
hydrogen of 97'5-98-5% purity. 

Where petroleum is readily obtainable the 
method of Rincker-Wolter is used, in which the 
hydrocarbons of oil gas are decomposed at a 
high temperature into carbon and hydrogen. • 

Electroljfric hydrogen is now largely used for 
catalytic hydrogenation, the processes and plant 
of Knowles (International Electrolytic Plant 
Co., Ltd.) and Bamag-Meguin A.-G. (Berlin) 
being widely used. The Knowles cell produces 
8 cu. ft. per kw.-hour of hydrogen of 99-9% 
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purity at an economical voltage (E. F. Arm- 
strong, Chem. and Ind. 1932, 51, 92). 

Teohnolooy oe Hydbogenation. 

From a consideration of the foregoing outlines 
of patent processes it will he seen that the main 
conditions for successful hydrogenation are a 
suitable temperature, fine state of subdivision 
of the oil, an active catalyst and the absence of 
injurious substances. 

E. F. Armstrong and K. A. Williams (Chim. et 
Ind. 1939, 42, 2 ; Chem. and Ind. 1940, 59, 3) 
point out that the technology of hydrogenation 
has now advanced to a stage where the older 
processes have all become more or less stan- 
dardised in operation. The many difficulties 
encountered in the early development have 
mostl}^ been eliminated, so that while in 1910 
several hundred tons of oil were treated per 
week, the output of hydrogenation plant had 
risen by 1939 to the order of 1,000 tons per 
day and the process had become applied to 
many substances other than fatty oils. Chemi- 
cals, such as phenol, cresols, naphthalene and 
pyridine, are treated in limited quantities, while 
with coal and petroleum oils the industry is 
conducted on an enormous scale. 

In order to avoid catalyst poisoning extremely 
careful refining of fatty oils is necessary before 
they are hardened. 

“ Powder ” or “ batch ” processes are applied 
in autoclaves, the nickel catalyst usually being 
prepared by suspending an inert carrier in a 
solution of nickel sulphate to which is added 
sodium carbonate. The precipitate is thoroughly 
washed and dried, and reduced in a current of 
hydrogen at 260°C. or more, according to the 
degree of activity required, the temperature used 
affecting also the robustness. After coohng the 
catalyst is flooded with oil and stored until 
required. Hydrogenation is conducted in auto- 
claves at about 180°C. in an atmosphere of 
hydrogen, under pressures in excess of atmo- 
spheric. The reaction occurs at a rate that can 
readily be controlled, and a rapid examination of 
the product at intervals enables the reaction to 
be stopped at any desired stage. 

Nickel formate catalyst is also used, with or 
without support, in a similar manner and is 
reduced in situ in the oil at about 250°C., saving 
plant, labour, and operating costs by combining 
the catalyst reduction and hydrogenation 
processes. 

In batch processes, the oil is cooled and the 
catalyst filtered off after the reaction has pro- 
ceeded far enough. The oil generally requires 
further refining and bleaching and will almost 
always require deodorising. 

The “ continuous ” system of Technical 
Research Works, Ltd., is applied as described 
above, and in this case the hardened oil emerging 
from the plant contains less than 1 part of nickel 
per 10 million of oil. Subsequent filtration and 
refining are unnecessary but deodorisation is 
usually applied. In practice it has been found 
that the oil suffers from continual contact 
with the heated walls of the vessel, and the 
short time of contact of oil, hydrogen and 
catalyst employed in this system is therefore 
advantageous. 


It is believed that with oils, such as whale oil, 
cotton-seed and ground-nut oils, the powder 
sj'stems involve running costs of from 26s. to 
30s. per ton and the continuous system of about 
one-half this sum. The latter system requires 
less labour and floor-space. 

Fatty alcohols are now produced on a largo 
scale by catalytic hydrogenation of oils or fatty 
acids under very high pressures, such conditions 
promoting the reduction of the carbonyl group. 
The products find use after sulphonation as 
wetting agents. 

pBorERTiES OF Hyukogenated Oils. 

The degree of hardening depends upon the 
extent to Avhich the hydrogenation process has 
been carried, so that products ranging from the 
consistence of a soft butter to a hard tallow may 
be obtained from the same oil. 

Provided that the reaction is carried far 
enough, fish oils and whale oils are deodorised 
during hj’^drogenation owing to the conversion 
of the clupanodonic acid (to which, as Tsujimoto 
has shown, the odour is mainly duo). 

For edible purposes the chief oils hydrogenated 
arc whale oil, cotton-seed, maize, soya bean, 
arachis and coconut oils, though any edible oil 
is suitable for the process. Products such as 
margarine and artificial lard, which formerly 
consisted of a vegetable oil mixed with sufficient 
oleostearin to give a semi-solid mass, are now 
prepared from oils such as cotton-seed oil or 
whale oil hydrogenated to a sufficient extent to 
give the required consistence ; or by a mixture 
of hardened oils with liquid oils. In the opinion 
of Ellis (J.S.O.I. 1912, 81, 1165) the use of 
hydrogenated oils by themselves is preferable to 
the method of some manufacturers of blending 
hydrogenated oils vuth untreated oils, since’ the 
resulting product has a better flavour and keeps 
better. 

With regard to the effect of hydrogenation on 
oils it has boon found that the acid and saponifi- 
cation values are not materially affected, but 
the refractive index and iodine value are 
lowered and the melting-point raised to an 
extent corresponding with the degree of hydro- 
genation. 

The acetyl value of hydroxylated oils such 
as castor oil is lowered by hydrogenation at the 
usual temperatures, but Jurgens and Meigen 
have shown that when esters of ricinoleic acid 
are hydrogenated below 200° the OH group is 
not attacked and practically only the double 
bond is saturated. 

While the catalytic hydrogenation of many 
chemicals consists in the simple addition of 
hydrogen at the double bonds, in some cases there 
is preferential action. If a compound contains 
more than one double bond all may react but 
more generally the reaction is limited to specific 
bonds. Thus E. J. Lush (J.S.C.I. 1927, 46, 464) 
has sho\vn naphthalene to produce tetralin if 
treated in the vapour phase and deoalin when 
in the liquid phase. Unsaturation in aromatic 
nuclei is generally less easily removed than in 
straight chains, and in a straight chain containing 
two or more double bonds one will be more 
readily reduced than another. 
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E. P. Armstrong and K. A. Williams (Ciiim. et 
Ind. 1939, 42, No. 2, 234) point out that fatty oils 
consist of complex mixtures of glyceryl esters 
of fatty aeids. The fatty acids are all of similar 
chain length but may be saturated, or contain 
one, two, three or more double bonds. Three 
acid radicals are attached to each glyceryl 
radical in a manner even now incompletely 
understood, though T. P. Hilditeh and Ins co- 
workers continue to throw light on the problem. 
It is not known how the arrangement of the 
acids on the glyceryl residue affects the relative 
ease of reduction but it is believed that this has 
little effect in most cases. R. G. PeUy (J.S.C.I. 
1927, 46, 449t) has shown, how'ever, that in 
mixtures of fatty acids and neutral fats the un- 
saturated free acids are preferentially reduced. 
Purther complications occur through side- 
reactions. There is a notable formation of 
isomers of oleic acid in hatch hydrogenation; 
this can he largely suppressed in the continuous 
process. 

Experiments on the hj'drogenation of cotton- 
seed oil by Moore, Richter and Van Arsdel 
(Ind. Eng. Chem. 1917, 9, 451) have shown that 
linolein is hydrogenated more rapidly than olein 
at 200° and upwards, so that olein tends to 
accumulate in the fat. To obtain a hardened 
product with the same iodine value as another 
but eontaining, relatively, more saturated 
glycerides and linolein, it is necessary to effect 
the hydrogenation imder conditions of lownr 
temperature, greater pressure, more vigorous 
agitation and a larger proportion of catalyst. 

It was found by E. P. Armstrong and T. P. 
Hilditch (Proc. Roy. Soc. 1920, A, 98, 27) that 
in the hydrogenation of linseed oil in the 
presence of a nickel catalyst, a curve results 
the initial portion of which (30% of the whole 
curve) corresponds with the hydrogenation of 
the whole of the linolenin and most of the 
linolein ; there is then a very abrupt change in 
the cmwe, and this is followed by an approxi- 
mately linear curve at a much lower slope. 

In a further communication by the same 
authors (ibid. 1921, 100, 240) on the influence 
of pressure on the hydrogenation of hquids in 
the presence of nickel, it was shown that, in the 
absence of disturbing factors, an increase in 
the pressure of the hydrogen causes a pro- 
portionate increase in the rate of reduction. 
According to Lush (J.S.C.I. 1924, 43, 53t), the 
rate of hydrogenation is approximately pro- 
portional to the square root of the pressure. 

Vaiying the mass of oil in relation to the 
catalyst has a pronounced effect on the natme 
of the products, and hydrogenated oils contain- 
ing different proportions of isooleic acid may 
thus be obtained (Lush, ibid. 1923, 42, 219t). 
The influence of the concentration of the 
catalyst on the selective hydrogenation of 
cotton-seed oil has also been studied by Dhingra, 
Hilditch and Rhead (J.S.C.I. 1932, 51, 195t) ; 
see also E. R. Bolton, ibid. 1927, 46, 44t, and 
“ Oils, Pats, and Patty Poods,” 1928, pp. 302- 
316. 

R. Thomas (J.S.C.I. 1920, 39, IOt), studying 
different aspects of the mechanism of the hydro- 
genation of unsaturated glycerides in the 
presence of a nickel catalyst, found that the 


influence of foreign gases on the catalyst and 
on the velocity of hydrogenation might be 
either purely physical or chemical. He con- 
firmed the observation of Armstrong and 
Hilditch that linolein absorbs hydrogen much 
more rapidly than does olein. Kaufmann’s 
thiocyanogen method of determining the degree 
of unsaturation of fats has also afforded proof 
of the selective character of hydrogenation 
(Kaufmarm and Hansen-Schmidt, Ber. 1927, 
60 [B], 50). In experiments with a nickel 
catalyst at 200° in an autoclave the hnolic acid 
in a fat had disappeared after 135 minutes. 

^ The effects of the temperature of hydrogena- 
tion on the selective action and upon the 
melting-point and iodine value of the product 
have been studied by K. A. Williams (J.S.C.I. 
1927, 46, 446t, 448t) over a range of 120- 
200 °. 

The formation of fsooleic acid is dealt with by 
Moore (ibid. 1919, 38, 320t) ; Hilditch and 
Moore (ibid. 1923, 42, 15t) ; Richardson, Knuth 
and Milligan (Ind. Eng. Chem. 1924, 16, 519; 
1925, 17, 80) Cocks, Christian and Harding 
(Analyst, 1932, 56, 368) ; Lush (J.S.C.I. 1923, 
42, 219t; 1924, 43, 53t; 1925, 44, 129t); 
Hilditch and Vidyarthi (Proc. Roy. Soc. 1929, 
A, 122, 552). 

Elaidic acid is the predominating isomer 
formed but a number of others also appear. 
The total proportion of isomers formed depends 
on temperature, possibly on pressure, certainly 
on the degree of activity of the catalyst, the 
relative degree of mixing of oil and catalyst, the 
rapidity of desorption of reacting molecules 
from the catalyst and the nature of the catalyst. 
It is most marked with platinum, less with 
palladium, stfll less with nickel and least with 
copper. It is promoted by high temperatures 
and is least marked in the continuous pio- 
cess. Under constant conditions, the ratio of 
solid isooleic acid to liquid oleic acid in the pro- 
duct tends to a constant value after the reaction 
has proceeded to a fixed extent, this value being 
maintained until saturation is complete. Un- 
published researches of K. A. Williams suggest 
that the proportions and the reactions them- 
selves are controlled by excess electronic energy 
acquired by hydrogen in its sorption by the 
catalytic metal and subsequent transfer to the 
oil molecule. 

The theory of the catalytic action is dealt 
with by Rideal and Taylor, “ Catalysis in 
Theory and Practice,” 1926 ; Falk, “ Catalytic 
Action,” 1922; Sabatier, “Le Catalyse en 
Chimie Organique,” 1920 ; various reports of 
the American Committee on Contact Catalysis, 
1922-26 ; Nyrop, “ Treatise on the Catalytic 
Action of Surfaces,” Copenhagen, 1934; Hil- 
ditch, “ Catalytic Processes in Applied Chemis- 
try,” 1929 ; H. S. Taylor (Proc. Roy. Soc. 1925, 
A, 108, 105 ; J. Phys. Chem. 1926, 30, 150) ; 
Bloemen (Fettchem. Umschau, 1934, 41, 95, 
151) ; Berkman, Morrell and Egloff, “Catalysis ” 
Reinhold Publishing Co., New York, 1940, 
Hydrogenation, pp. 809-887. 

Arachidic acid may still be detected in 
hardened arachis oil, but a modification of the 
usual test is necessary (see Kreis and Roth, Z. 
Unters. Nahr.-u. Genussm. 1913, 25, 81). 
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Leinidorfcr (Cliom. Zeiitr. 1914, I, 304) has 
shown that the stearic acid formed in the liydro- 
genation of oils is chemically identical with 
natural stearic acid. 

IMarinc animal oils yield a much smaller 
proportimi of iusoluhlc bromides after hydro- 
genation, and the distinctive colour reactions 
of the original oils are cither modified or no 
longer obtained. 

Bellior’s reagent (nitric acid, sp.gr. 1-4, and 
resorcinol in benzene) also gives dilferent 
colour reactioxis with hardened sesame, cotton- 
seed and arachis oils from those given by the 
original oils. The Baudouin test for sesame 
oil is intensified bj' h 5 "drogenation, but Ilalphcn’s 
test for cotton-seed oil is inhibited, the chromo- 
genic substance giving the reaction being dps- 
trojmd after hydrogenation for 15 minutes with a 
nickel catalyst at 160-100°. 

The amount of ph 3 'tosterol is not materially' 
reduced by hj'drogenation at 200°, but cho- 
lesterol is resinified at 200°, and after treatment 
at 260° will no longer jdcld a crystalline deriva- 
tive (Jlarcusson and Moy'orheim, Z. angew. 
Chem. 1914, 27, 201). 

Analy'tical data for hj'drogenated oils arc given 
by Bomer and Leschly- Hansen (J.S.C.I. 1912, 
31, 990); E. Mellana {ibid. 1914, 33, 701); 
Sudborough, Watson and Athawalo {ibid. 1923, 
42, 103A) ; Myddleton and Barry, “ Fats 
Natural and Synthetic,” E. Benn, Ltd., 1924; 
Williams and Bolton (Analyst, 1924, 49, 400) ; 
Williams (J.S.C.I. 1927, 46, 440, 448t) ; and in 
other communications already referred to. 

The hj'drogenation of tung oil is referred to by 
H. I. Waterman and C. van .Vlodorp (Chem. 
Weekblad. 1934, 31, 420) who point out that the 
course of the reaction varies noth temperature 
and pressure and with the nature of the catalyst. 
T. Moore (Biochom. J. 1839, 33, 1035) has found 
that the strong spcctrographic absorption at 
270/x drops, while the originally small value at 
230/i first rises and then drops, both reaching 
negligible values at saturation. Ho compares 
the formation of an acid with absorption maxi- 
mum at 230/^, indicated by this observation, with 
the formation of the same acid bj' hens and rats 
fed on tung oil. Ho also notes that the hydrogen 
absorption and drop in iodine value do not 
correspond in the hydrogenation of tung oil, 
ascribing this discrepancy to the effect of con- 
jugated bonds. 

For a study of the alteration in glyceride 
structure produced during the progressive 
hydrogenation of olive and cotton-seed oils, see 
Wilhams and Bolton (Analyst, 1924, 49, 460) 
and HUditch and Jones (J.C.S. 1932, 806) ; and 
for investigations of the course' of hydrogenation 
in the continuous process of Technical Research 
Works, Ltd., see Lush (J.S.C.I. 1923, 42, 219t 
1924, 43, 63t) ; Hilditch and Rhead (J.S.C.I 
1932, 51, 198t). Williams and Bolton (Analyst 
1924, 49, 460) base a method for detecting hydro 
genated oils on the determination of jsooleic acid 
using the insolubility of the lead salt of the latte 
in ether and alcohol as a means of separating it 
in admixture with saturated acids from the 
liquid acids. This test affords a much more 
trustxvorthy indication than the, presence of 
nickel, which is now practically eliminated from 


the products of hydrogenation. J. Grossfekl and 
J. Fetor (Z. Unters. Lobensm. 1934, 68, 345) 
have extended the applicability' of this test. 

NiCKKL in HYDROOKNATJOn FaTS. 

The presence of a trace of the metallic catalyst 
was at one time of frequent occurrence in hydro- 
genated fat.s, especially those of continental 
origin. Bomer (Cliem. Rev. Fett. u- Marz-lnd. 
1912, 19, 221) found 0-01% of a.sh with 0-000% 
of nickel oxide in hydrogenated sesame oil, and 
0-006% of ash with 0-0045% of nickel o.xide in 
hardened whale oil. Hence, the detection of 
nickel in a fat indicates the presence of a 
hardened oil, although a negative residt in the 
test does not necessarily' prove that such pro- 
ducts are absent, since means, such as treatment 
ivith dilute hydrochloric acid, arc often employed 
to remove the residual metal. In experiments 
to ascertain the effect of traces of nickel upon 
the human system, Offerdahl (Ber. deut. pharm. 
Ges. 1913, 23, 558) found that 0-5 g. of nickel 
could be taken daily without anyf injurious effect, 
99-8% of the metal being rapidly excreted from 
the system. 

Modern edible hydrogenated fats do not 
usually contain more than 1 part of nickel per 
10 million and often much less. 

For the detection of traces of nickel the 
dimothylglyoximo test may' bo used (see Knapp, 
Analyst, 1913, 38, 102), but certain untreated 
oils, free from nickel, may show a similar 
coloration if the test is made directly on the oil. 
The test should tlieroforo be applied to the ash 
of 100 g. of the oil for better results (Frail, 
Z. angew. Chem. 1915, 28, i, 40). A still more 
sensitive reagent for nickel is a a-bonzildioxime, 
ns suggested by Atack (Analyst, 1913, 38, 316). 

To obtain products relatively free from 
nickel, Ellis (J.S.C.I. 1912, 31, 1165) lays stress 
upon the importance of using the catalyst in 
metallic form rather than in the form of oxide, 
sin’ce metallic nickel will not readily combine 
with free fatty acids to form a soap in the 
presence of free hy'drogen. Too rapid hydro- 
genation should also be avoided, so as to prevent 
decomposition of the fat, with liberation of 
water, which might cause hydroly'siS of the fat 
and liberation of free fatty acids. 

For the mechanism of the addition of hydrogen 
to unsaturated glycerides in the presence of 
nickel, see Thomas (J.S.C.I. 1920, 39, IOt) ; and 
for a study of the relation between the occlusive 
power of palladium for hydrogen and its 
activity in catalytic hydrogenation, see Maxted 
(J.C.S. 1921, 119, 1281). 

Nutritive Value of Hardened Oils. 

The. digestibility of hydrogenated fats is dealt 
with by Langwoi-thy (Ind. Eng. Chem. 1923, 
15, 276) who describes researches of the U.S. 
Department of Agriculture. The conclusion is 
drawn that soft hydrogenated fats are as well 
assimilated as natural fats, .but if the melting- 
pqint is raised beyond 40-45° the digestibility 
falls rapidly. 

The food value of hydrogenated fats is much 
the same as that of natural fats, but commercial 
hardening processes almost always destroy any 
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vitamins iii the raw material. Diets containing 
a considerable proportion of hydrogenated fats 
are widespread and lead to no harmful effects 
provided that other sources of necessarj’^ 
vitamins are included. 

K. A. W. and C. A. M. 

HARGREAVES-BIRD CELL (Vol. IH, 
53&). 

HARMALA, ALKALOIDS OF PEC- 
AN UM HARM ALA. Harmaline, Rarmine, 
Harmalol, Harman, NorJiarman. p?he seeds of 
the wild rue, Pegamim Iiarmala Linn. (Fam. 
Rutaceaj) or harmal seeds have been employed 
from the earliest times in Eastern medicine as a 
stimulant, anthelmintic, or even narcotic. They 
are said to be the source of a red dye produced 
in Southern Russia and they have been used in 
the manufacture of oil. Wild rue is an odori- 
ferous herbaceous plant, 1-3 ft. high, and 
inhabits Southern Europe, Asia Mnor, Egypt, 
North-western India and Southern Siberia 
(Fliickiger, Pharm. J. 1872, [iii], 2, 229). 

The seeds and root of the plant contain four 
alkaloids, harmaline, CigHi 40 N 2 , first isolated 
by Goebel (Annalen, 1841, 38, 363 ; 39, 289), 
harmine, C^gH^gONgj obtained by Fritzsche 
(ibid. 18il,Gi,ZdO), harmalol, C^gHjgOhJg, first 
prepared by Fischer (Ber. 1885, 18, 402) and 
vasicine (also called peganine), belonging to a 
quite different chemical type of alkaloid. 

From the South American plant “yage,” 
“ caapi,” “ aya-huasca ” or “ pild6,” used for 
the preparation of a native intoxicant (Perrot, 
BuU. Sci. pharmacol. 1923, 30, 107) and which 
has been identified as Banisieria caapi (Fam. 
Blalpighiaceas) an alkaloid has been isolated by 
various workers and named “ telepathine,” 
“ yageine,” or “ banisterine ” (literature: see 
Rouhier, ibid. 1926, 33, 252 ; Raymond-Hamet, 
Compt. rend. 1927, 184, 1266). AU three 
alkaloids are identical with harmine; for yageine, 
telepathine, see Eiger, Helv. Chim. Acta, 1928, 
11, 162, and Wolfes and Rumpf, Arch. Pharm. 
1928, 266, 188 ; for banisterine, see Briickl, 
Amer. Chem. Abstr. 1930, 24, 4680 and Lemn, 
Chem.-Ztg. 1928, 52, 357. 

Harmal seeds contain about 4% of alkaloids, 
of which half to two-thirds is harmaline. The 
alkaloids are found for the most part in the 
outer portions of the seeds. 

Extraction . — Fritzsche (l.c.) extracts the seeds 
with HoO containing acetic or stdphuric acid. 
The extracts are concentrated to one-third and 
the phenolic harmalol separated from the other 
bases by precipitating the latter with a small 
e.xcess of caustic potash. Harmaline and 
harmine are re-dissolved in acid and precipitated 
as hydrochlorides by a saturated solution of 
common salt. Harmaline and harmine are 
separated either by fractional precipitation 
with ammonia from their hydrochlorides or by 
fractional crj'stallisation from MeOH-CgHg 
(3:1 vol.). These fractionations are not accunate 
(cf. Hasenfnitz, Ann. Chim. 1927, [x], 7, 151); 
for an interesting separation of the two alkaloids 
by buffer .solutions, see Elgazin, A. 1933, 408, 

Harmaline, (1) CigH^^ONn. opticrdly in- 
active, lu.p. 239-240° (decomx).). from MeOH 
prisms or small tables, from EtOH rhombic 
octahedra, is very slightly soltiblc in cold 


HgO or EtgO, moderately soluble in cold and 
readily soluble in hot EtOH. For ultra-violet- 
absorption curves, see Kharash (Amor. Chem. 
Abstr. 1936, 30, 2706) ; dissociation constant.®, 
see Orlow (Chem. Zentr. 1932, II, 70); micro- 
chemical identification, see Amelink (Pharm 
Weekblad, 1931, 68, 221). 

The salts are yellow; B-HC1,2H„0, slender 
needles; the platinichloride is microcry.stalline; 
typical salts are the mercurichloridc and the 
acid chromate, insoluble in HgO. The hydro- 
cyanide, B-HCN, is stiU a base and combines 
with acids to form crystalline salts. Acetyl 
derivative, colourless needles, m.p. 204-205°, 
easily affected b 3 ^ acids. Bj- treating (I) with 
CHgl, N -methylharmaline hydriodide and 
dimethylharmaline hydriodide are obtained 
(Fischer, Ber. 1914, 47, 102). N-mcthyUiarmn- 
line, m.p. 162°, easily soluble in EtOH, CHOj, 
MeOH, sparingly soluble in £1,0 or CgHj. 
N-methjflharmaline and acetjdharmaline are 
derivatives of a tautomeric form of (I) (Perkin, 
Robinson ei al., J.C.S. 1924, 125, 657). 

Harmaline heated in a sealed tube with HCl 
jdfelds harmalol, CjgHjgONg.SHoO ; bj' gentle 
oxidation with HNOg or KMnO^ (Fischer, 
Ber. 1889, 22, 640; Elgazin, A. 1934, 1117) 
harmine is obtained ; sodium reduction in 
alcohol jields dihydroharmaline (tetrahydro- 
hartnine). 

Harmine, (II) CjgHigONsf optically 
inactive, m.p. 260-261'5°, colourless prismatic 
needles from MeO H, easily subliming, is insoluble 
in HgO and sparingly soluble in EtO H and Ef jO. 
For ultra-violet absorption, dissociation con- 
stants and microchemical identification, 
relevant references under (I) ; for crystallo- 
graph}', see Briicld (l.c.). Rarmine hydro- 
chloride, platinichloride, oxalate and acid chromate 
crystallise weU. The salts are colourless but 
show a deep blue fluorescence in dilute solution 
(Ismailov et ok, 'Chem. Zentr. 1938, II, 3270). 
Methijlharmine has m.p. 209°. On treatment 
with cone. HCl lilre (I) (see above), (11) yields 
harmal, CjoHjoONg, m.p. 321°, not occurring 
in nature. 

Harmalol, (IH) CigHigONo.SHgO, ni.p. 
212° (anhydrous) may be either extracted from 
the natural material or prepared from (I) hy 
demethylation. Red needles, sparingly soluble 
1 in HgO, soluble in CHClg and acetone. lor 
preparation, see Fischer (Ber. 1 889, 22, 038). 
The alkyl ethers of harmalol and harmol arc of 
some importance in chemotherapy; for their 
preparations, sec e.g. Coulthard, Leveno and 
Pyman (Biochem. J. 1933,27, 727; B.P. 3.>91SJ, 
382124; G.P. 508675). , , 

Constitution of (I) and (II). — (I) is diliydro- 
(11) ; both bases on reduction yield the same 
tetmhydro-(ir) ; for catalvtic re-oxidation, ■*''* 
e.g. Akabori and Saito (Chem. Zentr. 1930, 
3257). Research on tlic constitution^ of the 
harmala bases was initiated by Frit7-=riiC 
(Annalen, 1S4S, 64, .360 ; 68, .351 ; 1819, i-. 
,306; 18.53, 88, 327; 18.54, 92, 330) and jO' 
O. Fischer (Ber. 1SS.5, 18, 400' ; 1889, 22, O-'L;: 
1897, 30, 24SP; 190,5, 38, .32!)*; 1912, 4o, 
1930^; 1914, 47, 99'=) and finally coiuludwl by 
the more recent researches of I’erkin. Robin"):' 
el al. (Part I: .J.C.S. 1912, 101, 177.5^ H: 
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1913, 103. 19738; ni: 1919, 115, 933°; W: 
1919, 115, 96710; V: 1921, 119, IGOlU; VI: 
1922, 121, 187212; VH: 1924, 125, 626i3; 
Vni: 1924. 125. 05714; IX: 1927, ; X: 

1929, 294210). The arrangement of the three 
rings, of ■srhich two are heterocjelic, created 
unusual difficulties (c/. Perkin, Robinson ei al.. 
Parts I and 11) ; the scheme on p. 187 (in "n-hich 
the formula^ are written in the correct way) covers 
the work of Fischer and the earlier contributors. 

Perkin, Robinson d al. {see above Parts III 
and I\') identified harrnan with a product which 
Hopkins (J. Physiol. 1903, 29, 451) had obtained 
fi 3 Titheticaliy b^' oitidation of trj-ptophan •ndth 
ferric chloride (Perkin, Robinson et al.. 
Part V, p. 1616). These findings settled the 
arrangement of the three rings in the harmala 
bases and demonstrated that they are all 
derivatives of 3-(or ^-)carboline or Korltarman 
(4-carboline of the earlier literature) : c/. Perkin, 
Robinson et al. Part IV ; for changes of nomen- 
clature, see J.O.S. 1929, 2926, footnote. 
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Harman has not been foimd in any of the 
plants jdelding harmine or harmaline, but Spath 
has found that the two ba=es Aribine (from 
Arariba rubra, Fam. Rubiaceae) and Loturine 
(from SyrnjjJocos racemosa, Fam. Symploeaceas) 
are identical with barman (ilonatsh. 1919, 40, 
351 ; 1920, 41, 401). Being of the nature of a 
proto-alkaloid, it is easily understandable that 
barman occurs in different families. Harman 
and norharman proved also to be the keystone 
in the elucidation of the structme of Yohimbine. 
See Evodia Rjjt^cabpa, Alkaloids of. 

Harman, CijHigNg, m.p. 238°, prisms from 
benzene'; the sulphate, radiating clusters of short 
needles; the mercnrichloride ciy-staUises from 
dilute HCI in long slender needles. For other 
salts, see Spath (l.c. 1919 ) ; the ordinary salts 
show an intense bluish-violet fluorescence. 

Norharman, C^iHgNg, crystallises from hot 
benzene in colourless slender needles and melts 
at 198-5°, sparingly soluble in cold CgHg or 
light petroleum, moderately soluble in EtgO or 
ethyl acetate, readily soluble in MeOH and 
EtOH, also fairly soluble in hot water. A 
dilute acid solution exhibits a vivid fluorescence. 
For synthesis of norharman, see Perkin, Robin- 
son et al.. Part V, p. 1638. The attribution of 
the correct position of the methoxy-group in 
(1) and (II) as well as the position of the 
double-bond iu (I), is also due to these authors 
{see Parts VI and IX). 

Several syntheses of the harmala alkaloids or 
of their derivatives have been described, they 
are essentially of 5 different types : 

(a) Condensation of tryptophan with alde- 
hydes and oxidation vlth chromic acid to har- 
man (Perkin, Robinson et al.. Part V) and of 
O-methoxytryptopban to harmine (Harvey and 
Robson, .I.G.S. 1938, 97 ; cf. also Jacobs and 
Craig, J. Biol. Chem. 1936, 113, 760). 


{b) Formation of an frocarbostjTil by ring- 
closure of an mdole-2-carboxy-acetaIainide 
followed by vigorous reduction : 




— > 


CH 

, NH 


similar to the Pomeranz-Fritsch synthesis 
{cf. Fritsch, Ber. 1893, 26, 421). Synthesis of 
norharman, Perkin, Robinson et al.. Part V ; 
condensing agent alcoholic HCI at 40°, idem. 
Part IH. Synthesis of N-methyltetrahydronor- 
harman, idem. Part IH, with the same con- 
densing agent. 

(c) Formation of a dihydroharman derivative, 
similar to the Bischler-Napieralski sjuthesis of 
t soquinolines : 


MbOnv-, 



P,o. 




CH, 


Syntheses of harmalan, barman, harmaline and 
harmine, see Spath and Lederer, Ber. 19^0, 63 
[BJ, 124, or Akfl bnri and Saito, ibid. 2245 ; also 
Spath and Lederer, ibid. 2102 ; Asahina and 
Osada, Chem. Zentr. 1927, I, 1479; Tatsm, 
ibid. 1928, n, 668. . 

{d) Formation of a dihydroharman denvative 
by ring-closure of a S-aminoketone, viz. 




MeO 




CH2 


CH, 


CH, 
NHa 


(Perkin, Robinson ei al., Part IX). 

(e) Formation of a ketotetrahydrocarbolme 
by decomposition of the azide of indole-propiomc 
acid: 
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CH2 


CH2 


MeO 




CH, 

CON3 


CHo 

rlico 


+ N. 


XX 


CHo 

/ X 


X 

CO 


CH2 

NH 


(Manslie and "Eobinson, J.C.S. 1927, 240; and 
Perldn, Robinson et al., Part X). 

For formation of barman derivatives under 
“ pbysiologieal ” conditions, see Hahn et ah, 
Ber. 1934, 67 [B], 2031 ; Annalen 1935, 520, 
107, 123 ; Ber. 1938, 71 [B], 21G3, 2175. For 
interesting but unsuccessful attempts at the 
synthesis of barman derivatives, see also Spath 
and Burger, Monatsh. 1928, 49, 265 ; for the 
synthesis of apoharmine, see Perkin, Robinson 
et al., Part Vni. 

For the pharmacology of the harmala bases, 
see Henry, “ Plant Allcaloids,” 3rd ed., 1939, 
p. 458 ff. where the literatiire is cited. 

Schl. 

HARMALINE, HARMALOLu. Haejiaua 
Alkaloids. 

HARMAN V . Haumala Ai..kaloids and 
Vol. I, 4666. 

HARM I N E V. Haemal A Alkaloids. 

HARMOTOME (Vol. I, 6316). 

HASHAB (Vol. I, lid). 

HASHISH (Vol. II, 269c). 

HATCH ETTOLITE (Vol. I, 685c). 

HATCHETT’S BROWN (Vol. Ill, 471a). 

HAUSMANNITE. A manganese oxide, 
Mn 304 , crystallised in the tetragonal system, 
and the richest ore of manganese (Mn 72%). 
It forms pyramidal crystals with a good basal 
cleavage, and with verj’" much the aspect of 
regular octahedra. They are opaque with a 
sub-metallic lustre and a dark brownish-black 
or black colour; the streak is chestnut-brown. 
Sp.gr. 4'7-4'8 ; hardness 5-5 J. WeU-developed 
crystals are found at Ilmenau in Thuringia, 
Hfeld in the Harz, Langban in Sweden, Bigrigg 
in Cumberland and Miguel Burnier in Brazil. 
The massive black ores of manganese consist of 
mixtures of various manganese oxides, and 
doubtless hausmannite is often present, though 
not readily recognisable in the massive condition. 

L. J. S. 

HAWKITE (Vol. IV, 556d). 

HAWK’S EYE (Vol. Ill, 430a>. 

HAWTHORN {Crataegus spp.). The fruit 
or “ haws ” of the species are sometimes utilised 
in making sweetmeats and preserves. Otto and 
Kooper (Z. Unters. Nahr.- u. Genussm. 1910, 19, 
328) give the following composition of the haws 
of C. coccinea : water, 72-74 ; acids (as malic), 
0-18; invert sugar, 7-84; sucrose, 0-12%. 

A. G. Po. 

HAWTHORN PERFUME. The natural 
perfume of the hawthorn, or May blossom, 
characteristic of Crataegus oxyacanilia, one of the 
Rosacese, is not an article of commerce. All 
hawthorn perfumes are mixtures of synthetic 


perfumes, which majq in the most expensive types, 
bo modified by a little of the natural perfume 
of some other flower which blends ivith the haiv- 
thorn odour. The dominant note in hawthorn 
perfume is struck by anisaldehyde {q.v.) -without 
which no hawthorn perfume is possible. Aceto- 
phenone is the second most important consti- 
tuent. Anisaldehyde is a liquid, but for “ con- 
venience,” or probably greater profit, certain 
German manufacturers offer crystal aubepine, a 
compomid of the aldehyde, which is onty half as 
strong as the true aldehyde, and far less economi- 
cal. 

Numerous modifiers and fixatives are used, 
and the following may serve as a basic formula 


which can be modified as required. 

Parts 

Anisaldehyde 

100 

Acetophenone 

5-8 

Coumarin 

2-5 

Dimethyl-hj'droquinone 

1-3 

Heliotropin 

5 

Vanillin 

0-5 

Linalol 

5 

Geraniol 

5 

Phenylacetaldehyde .... 

1-2 


Traces of benzaldehyde and amjd salicylate 
are useful, and synthetic neroli oil in small 
quantity is an effective modifier. Artificial musk 
is rather too pronounced to be used as a fixative, 
but a small quantity of cinnamic alcohol or 
tincture of benzoin may be emploj'ed for this 
purpose. 

E. J. P. 

HAZELNUT OIL. The seed-kernels of 
the European hazel (filbert) Corylus avellana L. 
contain about 50-65% of oil, of which the bulk 
can bo recovered by expression as a golden- or 
lemon-yeUow oil having the characteristic odour 
of hazelnuts, which assists in its identification 
in admixture with other oils. The oil is used in 
perfumery and pharmacy and is prized in 
Sivitzerland as an edible (salad) oil. It has also 
been used as a lubricant for fine machinery, and, 
on occasion, to adulterate almond oil, or as a 
substitute for peach kernel oil (c/. Bennett, 
Chemist and Druggist, 1908, 72, 89). The 
possible presence of hazelnut oil in the extracted 
fat must be taken into consideration in the 
analysis of chocolate containing nut-fragments 
(c/. Fincke, “Handbuch der Kakao-Erzeug- 
nisse,” Berlin, 1936). 

The following values for genuine samples of 
hazelnut oil are dra-wn from recent observations 
(c/. Pritzker and Jungkunz, Z. Unters. Nahr.-u. 
Genussm. 1921, 42, 232 ; Schuette and Chang, 
J. Amer. Chem. Soc. 1933, 55, 3333 ; Bertram, 
Ole, Fette Wachse, 1936, No. 14. p. 2): d\\ 

0- 9152-0-9156, 0-9144, 1-4691-1-4698; 

acid value 0-3-1-7 ; saponification value 189- 
192 ; iodine value 84-7-86-8 ; thiocyanogen 
value 82-1 (S. and C.) ; Reichert-Meissl value 

1- 5 (P. and J.), 2-7-3-0 (S. and C.) ; Polenske 
valueO-5-0-7; unsaponifiable matter 0-35-0-58%. 
The composition of the fatty acids of an oil 
expressed from fresh puts of Italian origin was 
determined by Schuette and Chang as follows : 
(calculated to per cent, fatty acids on oil) myristic 
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acid 0-2, palmitic acid 3-1, stearic acid 1*6, 
oleic acid 88- 1 and linolic acid 2-9. (The residual 
oil in the nuts, subsequently extracted by light 
petroleum, contained a slightly higher propor- 
tion of linoleic acid (4-6%) and palmitic acid 
{3'0%).) Bertram records somewhat different 
proportions for an oil extracted by h'ght 
petroleum from French nuts, viz. saturated 
acids 8%, oleic acid 78-2% and linoleic acid 
9-1%. Arachidic acid is absent; hence the 
isolation of this acid serves as a means of detect- 
ing adulteration with araehis oil (Pritzker and 
Jungkunz, l.c.). Adulteration of hazelnut oil 
with olive oil may be detected by the .high 
freezing-point of the sample, for the pure 
oil has a solidification point of —17 to —20° C. 
(c/. Fabris and Settimj, Atti VI Cong, intern. 
Chim. appl. (Rome), 1907, 5, 755 ; Girard, Monit. 
Sci. 1889, 3, 1181). Owing to the low content of 
linoleic acid, the separation of the saturated 
acids by the Twitchell method is attended with 
considerable difficulty (Bertram, l.c.). 

E L 

HEATHER or CALLUNA VULGARIS.’ 

In former times the common heath or heather, 
then named Erica vulgaris, was used as a dye- 
stuff for producing a yellow colour on woollen 
goods (Crookes, “ Dyeing and Calico Printing,” 
1874r, p. 511). All the five species of Erica or 
heather found in Great Britain were believed by 
Bancroft (“ Philosophy of Permanent Colours,” 
1813, II, 108) to be capable of giving yellows 
much like those obtained from dyer’s broom. 
The experiments of Hummel, however, showed 
that E. tetralix (bell heather) and E. cinerea 
contain only traces of yellow colouring matter. 
Heather possesses tanning property and, 
according to H. R. Proctor, contains 6-4% of 
tannin. The colouring matter, quercetin, was 
isolated by Perlun and Newbury (J.C.S. 1899, 
75, 837) from an aqueous extract of the green 
portion of the plant, in which only it appears to 
exist. 

The dyeing properties of heather are similar to 
those of quercitron bark ; it is necessary, how- 
ever, to employ 36 parts of the heather to obtain 
the effect given by 10 parts of quercitron bark. 

A, G. P. and E, J. C. 

HEAVY ALLOY. The “ G.E.G. Heavy 
Alloy ” which is 50% heavier than lead, has a 
tensile strength about equal to tliat of steel, 
with excellent machining properties. Its per- 
centage composition is : 90 tungsten, 7'5 nickel, 
2'5 copper (Nature, 1941, 148, 507). 

H EDEN BERG ITE (Vol. Ill, 573a). 

HEDGE-MUSTARD SEED OIL (Wild 
Radish-, White Charlock-»Seed Oil) occurs to 
the extent of 20-35% in the seeds of the com- 
mon European field weed EapJianus raphani- 
strum L., which belongs to the same Family, 
Cruciferce, as the rape and ravison plants. 
Hedge-mustard seed was collected, and the oil 
was expressed on a large scale for the first 
time in Hungary in 1880 on the occasion of the 
failure of the rape-seed harvest. The crude 
expressed oil has a dark olive-green colour; in 
odour, taste and chemical and physical pro- 
perties it closely resembles rape oil,'^nd fre- 
quently appears on the market in admixture 
with this oil, or even under its name. The 


following figures indicate the analytical 
characteristics which have been recorded by 
various investigators: 0-9175-0-9186; 

1-4722, f.p. —13 to — 14°0. ; acid value 2-16; 
saponification value 174-179; iodine value 
105-109 {N.B., this value lies on, or just above, 
the upper limit of the iodine value of rape oils) ; 
Reichert-Meissl value 0-7-1 -4; Polenske value 
0-7-0-95. {Cf. Valenta, Dinglers Polytech. J. 
1883, 277 , 36 ; Grimme, Chem. Rev. 1912, 19 , 
104; Khmont, Z. angew. Chem. 1911, 24, 254; 
Knorr, Seifens.-Ztg. 1917, 44 , 234; Bures, Chim. 
et. Ind. 1933, Spec. No. (12® Congr^s de Chim. 
ind., Prague (1932), 1073)). 

According to Bures, the fatty acids from the 
oil include arachidic acid {ca. 1-5%), linolenic 
acid {ca. 6%), linoleic acid (ca. 9%) with large 
amounts of “ rapic acid ” and small amounts 
of oleic and erucic acids. The content of erucic 
acid (1-5%) suggested by Bures appears to be 
too loAV, in view of the saponification value of 
the oil and of the composition of oils from 
allied members of the same plant family. The 
identification of the “ rapic acid ” (which was 
based upon its low freezing-point as compared 
with pure oleic acid) requires confirmation, 
since it has been shown (Hilditch, Riley and 
Vidyarthi, J.S.C.I. 1927, 46 , 462t) that the 
so-called “ rapic acid ” formerly reported to be 
characteristic of rape oil actually consists' of 
ordinary oleic acid with, at most, very small 
amounts (ca. 1%) of its isomerides. Bures and 
Sedlaf report the isolation of a phytosterol, 
raphanisterol, m.p. 136°, C27H54OH, from the 
unsaponifiable matter of hedge-mustard seed 
»)il (Almanah Kong. Slov. Apot. 3rd Congr., 
Belgrade-Zagreb-Spalato, 1934, 221 (1935); 

Amer. Chem. Abstr. 1937, 108). 

Owing to the similarity of the two oils, the 
detection of hedge-mustard seed oil in rape-seed 
oil is extremely difficult. According to Valenta, 
the most characteristic test (applicable when 
fairly large quantities of hedge-mustard seed oil 
are present) is the appearance of a green colora- 
tion when the oil is partially saponified with 
alcoholic potash, and the concentrated filtered 
soap solution is decomposed with excess of 
hydrochloric acid. 

E. L. 

“ HEDONAU' sec- Amyl carbamate, 
CgH^-CHMeO-CO-NHa, 
m.p. 74°, b.p. 215° (G.P. 120865). Has been used 
to a small extent ns a hj’^pnotic. 

HEDYOTINE. Hedyotine was isolated by 
Dey and Lakshminara3mnan from HedyoUs 
auricularia (Fam. Rubiacem) (Arch. Pharm. 
1933, 271 , 485). This plant grows wild in the 
wet lands of the Western Ghats, throughout the 
length of the Indian Penmsula from the Konkan 
to Cape Comorin, extending to Ceylon. The 
inhabitants of South Kanara use it specially 
for intestinal troubles and dysentery. For further 
details, see Chopra, “ Indigenous Drugs of 
India,” Calcutta, 1933, p. 323. 

Hedyotine, CigHggOgNg, is a yellow 
phous, very unstable base, decomposing rapidh' 
when dried in a desiccator. Only the salts were 
obtained in pure form, they crystallise easily 
and are but slightly soluble in HgO. 
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CigHasOgNo-HCI, m.p. 245° (Bintcring at 
227°), dissolves in 400 parts of HgO ni room 
temperature, is easily soluble in MeOH and 
EtOH; nitrate, m.p. 262° (sintering at 238°); 
picrate, m.p. 265°. 

The chemical structure of hed 3 'otine has not 
yet been elucidated. 

Schl. 

“ HEGONON.” A preparation from albumosc 
and ammoniacal silver salts in which the metal 
appears mainly in the colloidal condition 
(Gjaldbaek, Dansk Tidsskr. Farm. 1929, 3, 133). 
It is of value for its antigonococcal action 
(Pharm. Zentr. 1931, 72, 362 ; jllandl, Wien, 
klin. Woch. 1932, 45, 918). 

HELENIEN. The lipochrome oi Ildenium 
autumnale is helenien, It separates 

in dark red needles from cthjd alcohol, m.p. 
92°, and exhibits absorption maxima at 5110, 
4780 and 4660 a. (in carbon disulphide). It is the 
dipalmitate of lutein. Helenien also occurs in 
Cheiranthus, Arnica montana, Jleliopsis, etc. 
(Kuhn and Winterstein, Naturwiss, 1930, 18, 
418, 764 ; Kuhn, Winterstein and Lcdcrer, Z. 
physiol. Chem. 1931, 197, 150; Winterstein, 
Angew. Chem. 1934, 47, 316.) 

F. S. S. 

HELEN IN. (a. Vol. I, 1756). 

HELIANTHIC ACID. An acid isolated 
from sunflower seeds (Ludwig and Kromaj'cr, 
Arch. Pharm. 1859, [ii], 99^, 11) and later 
identified with chlorogenic acid, CigHjgOj, 
{q.v.) (Goiter, Arch. Pharm. 1909, 247, 436). 
HELICON ” (v. Vol. I, 517dU 
HELINDONE COLOURS (a. Vol. I, 
232c). 

HELINUS OVATUS. (Fam. Eham- 
naceaj.) A climbing shrub indigenous to South 
Africa. It was examined chemically by Good- 
son (J.C.S. 1920, 117, 140) who isolated from the 
leaves aconitic acid, qucrcitol, a saponin and 
scyllitol. 

HELIODOR (a. Vol. I, 6856). 

“HELIO” DYESTUFFS and PIG- 
MENTS (a. Vol. IV, 230a, b). 

HELIO FAST YELLOW (a. Vol. I, 233a). 
HELIOTROPE (a. Vol. II, 25a, 617c). 
HELIOTROPE PERFUME, The com- 
mon heliotrope, Heliolropium europtmim (Fam. 
IBoraginaj) is a native of the south and west of 
Europe, and its fiowers are used for the prepara- 
tion of perfumes, but owing to the discovery of 
synthetic heliotropin (piperonal) the natural 
perfume finds a very limited employment. Tlie 
plant is known in this country as “ cherry pie.” 
Several members of the Compositm are known as 
heliotrope on the Continent. Most of the 
artificial heliotrope perfumes contain modifiers 
of the geraniol type, the basic ingredients being 
heliotropin, with a little vanillin, coumarin and 
dimethylhydroquinone. 

E. J. P. 

HEL|OTROPIN. This valuable synthetic 
perfume, also known as piperonal, is a crystalline 
compound having a powerful odour of-helio- 
trope. _ It occurs naturally in various plants, but 
it does not pay to extract it, as it can be pre- 
pared artificially at a much lower cost. It was 
originally prepared from the base pipeline, from 
pepper berries. This is today merely a matter 


of historical interest. Heliotropin is the 
methylene ether of protocatechuic aldehyde of' 
the following constitution ; 


CHO 



It crystallises in needles, m.p. 37° ; forms two 
oximes, m.p. 112° and 146° respectively, and a 
semicarbazonc, m.p. 146°. 

In commerce it is prcimred from safrol, which 
is isomcrised to isosafrol by boiling with caustic 
alkali. Five parts of such isosafrol are oxidised 
by a solution of 25 parts of potassium di- 
chromate, 38 parts of sulphuric acid and 80 parts 
of water. The reaction product is steam dis- 
tilled, the distillate extracted with ether, and 
the heliotropin so obtained is purified in the usual 
manner. 

Holiotropin should be stored in a cool dark 
place, as otlierwiso it is liable to decomposition. 
It is used in many perfumes, and blends well 
with coumarin, vanillin or with lemon, bergamot 
and neroli oils. 

E. J. P. 

HELIUM. Sym. He. At. no. 2. At. wt. 
4'003 (c/. Baxter, Honigsehmid and Lebeau, 
Eighth Ileiiort of Committee on atomic weights. 
International Union of Chemistry, Bcr. 1938, 
71 [A], 93. Bainbridgc and Jordan (Rev. Mod. 
Physics, 1937, 9, 370) have obtained the value 
4'00389, and Aston (Nature, 1936, 137, 357, 613) 
the value 4-00391 ; both these values were 
obtained by mass-spectrographic methods, and 
they are referred to the physical scale, in which 
1*0=16-00000. After applying the correction 
factor, 1-00027, for conversion to the chemical 
scale (naturally occurring oxygen=16-00000), 
the mean value becomes 4-00285, with a pro- 
bable error of about 1 unit in the fourth place). 
Isotopes : natural helium probably contains the 
single atomic species ‘•He ; Bleakney, Harnwell, 
Lozier, Smith and Smyth (Phys. Rev. 1934, 
[ii], 46, 81) find that ordinary helium contains 
less than 1 ; lO* and 1 : 10® of ®He and ®He, 
respectively. 

Helium is a gaseous element whieh is the 
lightest member of the group of “ rare ” or 
“ inert ” gases discovered late in the last century 
by Rayleigh and Ramsay, and which now forms 
Group 0 in the Periodic Classification pf the 
elements. Helium is the lightest gas known, 
with the exception of hydrogen, and its most 
striking property is its complete chemical 
inertness. 

History. 

Helium was discovered spectroscopically in the 
sun nearly 30 years before its presence in the 
earth was recognised. During the solar eclipse 
of August 18, 1868, a bright yellow line was 
observed in the spectrum of the solar chromo- 
sphere; this was generally thought to be the 
D doublet of sodium, but Janssen (Compt. rend. 
1868, 67, 838) showed that it did not coincide 
with the sodium lines. On October 20 of the 
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helium are grouped round a line drawn through 
the French towns of Moulins, Dijon and Vesoul. 
Details of some of the more prolific French 
springs are tabulated below ; the figures are 
taken from Slourcu and Lepape, Compt. rend. 
1912, 155, 197; see also Moureu, J.C.S. 1923, 
123, 1913. 


Location and name 
of spring. 

Percent- 
age of 
lielium 
in gas. 

Yield in litres per 
year- 

Tolai gas. 

Heiluin. 

Santenay (C6te 
d’Or) : 

Source Lithium 

10-16 

51,000 

5,182 

Source Carnot . 

9-97 

179,000 

17,845 

Source Fontaine- 
Salee . 

8-40 



Maiziferes (Cote 
d’Or) ; 

Source Romaine 

5-92 

18,250 

1,080 

Grisy (Saone-et- 
Loire) : 

Source d’Ys. 

2-18 



Bourbon Lancy 
(Sa6ne - et - 
Loire) : 

Source du Lymbe 

1-84 

547,500 

10,074 

N6ris (Allier) : 
Source C6sar . 

0-97 

3,504,000 

33,990 

La Bourboule 

(Puy - de - 
D6me) : 

Source Choussy 

0-01 

30,484,800 

3,048 


The helium eontent of 8-10% recorded at 
Santenay are very exceptional. Many other 
French springs liberate helium-bearing gas, but 
the helium contents fluctuate considerably. The 
neighbouring European countries also possess 
springs yielding helium, but the quantities are 
generally much smaller. The King’s Well, Bath, 
England, gives a gas containing about 0T6% of 
helium, but the annual yield is small. A few 
German spring gases {e.g. from Baden-Baden 
and Wildbad) contain about 1% of helium (c/. 
Sieveldng and Lautenschlager, Physikal. Z. 
1912, 13, 1043). According to Von Angerer and 
Funk (Z. physikal. Chem. 1933, B, 20, 308) a 
spring at Diirkheim is the only German source 
which yields a gas comparable in helium content 
with American natural gas, i.e. containing 1-2% 
of helium. The famous soffioni of Tuscany con- 
tain some helium {e.g. 0-0155% of helium in gas 
from Larderello). Gases containing 0-002- 
0-0146% are obtained from natural sources in 
Iceland. New Zealand natural gases almost 
always contain some helium (Farr and Rogers, 
New Zealand J. Sci. Tech. 1929, 10, 300). 
Details -of many other sources are given by 
Moureu, J.C.S. 1923, 123, 1905, and in Abegg’s 
“ Handbuch der anorganischen Chemie,” Vol.IV, 
Section 3, Part 1 (“Die Edelgase”). 

_ It is generally accepted that naturally occur- 
ring helium has been produced by radioactive 
Von. VI.— 13 


disintegration, but the quantities available over 
small areas indicate that the supplies are being 
drawn from gas -which has accumulated during 
past ages, and not from continuous radioactive 
sources. Prolific helium sources occur where 
local conditions have favoured the accumula- 
tion of the gas in underlying strata. It is 
estimated that the earth’s crust contains radio- 
active material equivalent to about 2-4 X 10^® g. 
of uranium, which would produce approximately 
2x10’ cu. m. of helium per year. If this 
estimate is correct considerable quantities of 
helium have been lost from the earth during 
geological time, possibly by diffusion into space. 
Interesting regularities in the composition of 
helium-bearing gases have been noted ; the 
helium content of hot-spring gases is usually 
small if they contain a large proportion of 
carbon dioxide. Lepape (Compt. rend. 1935, 
200, 1C3, 336) has observed that gases rich in 
helium are associated with springs yielding 
larger quantities, of lithium salts, and that 
sources very rieh in helium also yield rubidium 
and caesium salts ; it is suggested that the helium 
has resulted from the radioactive decom- 
position of element 87, the allcali-metal which 
still remains to be isolated. 

In Deposits Associated with Hydrocarbons; 
Natural Qas. — Gases from mineral springs con- 
tain a very largo proportion of nitrogen, or, less 
frequently, carbon dioxide. The “ natural gas ” 
occurring in the United States and elsewhere is 
of a different type, and contains large amounts 
of methane, ethane and other hydrocarbons. 
The natural-gas sources are “ dry ” wells, and 
the deposits are usually associated with petro- 
leum. The presence of helium in American 
natural gas was discovered by Cady and McFar- 
land (J. Amer. Chem. Soc. 1907, 29, 1523 ; see 
also Ind. Eng. Chem. 1938, 30, 845), who found 
helium contents of up to 1-48% in .specimens of 
gas from various localities. The natural gas 
wells in the United States now form the principal 
commercial source of helium. The helium-rich 
wells occur chiefly in the States of Kansas, 
Oklahoma and Texas, with less important 
regions in Ohio, Montana and California. 
Typical analyses of natural gas are given in the 
table on the next page; the figures are due 
to Moore (J. Franklin Inst. 1921, 191, 145; 
Ind. Eng. Chem. 1926, 18, 198) {see also Cady 
and McFarland, l.c.). 

The amount of helium liberated from United 
States gas wells has been estimated at 18 million 
cu.m, per year (Moore, l.c.) ; the total quantity 
available is assessed at some thousand million 
cu.m. As remarked above, such large supplies 
can only be due to accumulation of helium under 
fovourable geological conditions during past 
ages. Although the helium wells are located in 
oil-bearing regions, it is noteworthy that 
“ mixed ” sources of helium and oil are rare, 
the helium wells being completely dry. In the 
famous Petrolia field, which has supplied large 
quantities of helium for commercial under- 
takings, the gas originates in strata 500 metres 
below the surface, but oil is obtained at a depth 
of only 100 metres. 

Natural gases containing about 0-3% of 
helium occur in Alberta and Ontario, Canada; 
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Field. 

Xocation, 



Composition of gas, %. 

Na. 

CH4. 



0 

0 

He.' 

Eogers. 

Chautauqua, Kansas. 

43-69 

54-20 

0-00 

0-83 

0-00 

1-28 

Petrolia. 

Clay, Texas. 

31-13 

56-85 

10-33 

0-54 

0-25 

0-90 

Pearson. 

Osage, Oklahoma. 

39-,59 

59-33 

0-00 

0-45 

0-00 

0-63 

Augusta. 

Butler, Kansas. 

11-08 

74-74 

12-92 

0-57 

0-19 

0-50 

Big BeU. 

Montgomery, Kansas. 

21-49 

72-23 

5-10 

0-69 

0-08 

0-41 

Gleen Mary. 

Scott, Tennessee. 

3-22 

63-86 

31-73 

0-65 

0-18 

0-36 

Pavih'on. 

Genesee, New York. 

2-56 

87-96 

8-68 

0-49 

0-00 

0-31 

Breckenridge. 

Stephens, Texas. 

13-.50 

76-48 

19-68 

0-12 

0-00 

0-21 

Beaver Creek. 

Floyd, Kentucky. 

0-37 

77-55 

21-13 

0-66 

0-16 

0-13 

Lance Creek. 

Niobrara, Wyoming. 

0-92 



0-63 

0-20 

trace 


the deposits are probably related geographically 
to those in Montana, U.S. Natural gas sources 
yielding helium also occm: in certain parts of 
Europe ; the most prolific is at Neuengamme, 
near Hamburg, -nrhere a gas containing 0-015- 
0-025% of helium is liberated, corresponding to 
25,000 cu.m, of the latter gas per year (Czako, 
Z. anorg. Chem. 1913, 82, 249). A rich source 
(0-095% ; 20,000 cu.m, per year) is recorded at 
Vaux-en-Bugey, Erance, and a relatively high 
percentage of helium is given for a well at 
Lesquin, near LiUe (0-924% ; 1,359 cu. m. per 
year) (c/. Moureu, J.C.S. 1923, 123, 1905). Clay 
(Proc. K. Akad. Wetensch. Amsterdam, 1925, 
28, 529) records that petroleum gases from 
Indian sources contain 0-0006-0-0033% of 
helium. 

The ratio of helium to nitrogen in fire-damp 
is often much greater than the corresponding 
ratio for air, and fire-damp has been found to 
contain as much as 0-05% of helium. The 
yearly loss of helium into the atmosphere from 
underground workings must be considerable, as 
large volumes of gas are discharged. 

In 3Iinerals and Bodes, — ^Minerals which con- 
tain appreciable quantities of helium generally 
contain thorium or uranium, from which the 
helium has been produced by radioactive 
changes. Strutt (Proc. Eoy. Soc. 1908, A, 80, 
572), using very delicate means of detection, has 
shown that traces of helium occur in a very v-ide 
variety of minerals. The gas occurs in solid j 
solution or in minute cavities in the mineral, 
and is not chemically combined. The highest 
helium contents have been found in specimens 
of thorianite and trraninite (of which cleveite and 
pitchblende are particular varieties), these con- 
tain up to 0-19% (10-5 c.c. per g.) and 0-13- 
0-15% (7-2-8-1 c.c. per g. ; cleveite), respec- 
tivel}’^ (c/. iSieverts and Bergner, Ber. 1912, 45, 
2576 ; Dunstan and Blake, Proc. Eoy. Soc. 1905, 
A, 76, 253; Eamsa 3 ', Ann. Chim. 1898, [viij, 
IS, 4.33 ; Abegg, op. cii. pp. 55-67). Monazite, a 
mineral available in relatively large quantities, 
often contains about 1 c.c. of helium per g., 
and has been used as a secondarj' commercial 
source of the gas. The quantitj’ of helium ob- 
tained from a mineral of known uranium or 
thorium content has been used to estimate the i 


geological age of the mineral, as a given mass of 
uranium or thorium produces a fixed volume of 
helium per year by radioactive disintegration. 
The ages obtained by this method vaiy from 
100,000 years for more recent strata to COO 
million j'ears for rocks of the lower pre-Cambrian 
period (Lawson, Naturwiss. 1917,-5, 429, 452). 
The ages obtained by the helium method are less 
than those derived from determinations on lead 
isotopes, suggesting that partial loss of the 
helium has occurred. 

Peepakation. 

In the Laboratory. — Helium may be obtained 
from the minerals named above by heating with 
dilute sulphuric acid, fusion with alkali, alkali 
hydrogen sulphate, pyrosulphate or dichromate, 
or by heating the mineral in a vacuum. The 
last-named process is the simplest, hut a tem- 
perature of 1,000-1,200° is necessary if the 
maximum yield of helium is to be obtained ; 
about 50% of the gas available in the mineral is 
evolved on heating to a red heat in a hard-glass 
tube (Wood, Proc. Eoy. Soc. 1910, A, 84, 70). 
A larger but still not quantitative yield is given 
b 5 ’’-the fusion process, which is comparatively 
rapid : a hard-glass tube about a metre long is 
charged with successive layers of magnesium 
carbonate (10 cm.), a mixture of 3 parts by 
weight of finely powdered cleveite and 2 parts 
of potassium pyrosulphate (Travers used equal 
1 weights of the porvdered mineral and potassium 
hydrogen sulphate), kept in position with an 
asbestos plug, copper oxide, powdered mag- 
nesium and phosphorus pentoxide. When the 
tube is heated in a suitable furnace the mag- 
nesium carbonate produces a stream of carbon 
dioxide, in which the helium is carried off and 
collected over potassium hydroxide solution (c/. 
Langlet, Z. anorg. Chem. 1895, 10, 289). The 
fusion method often gives trouble in practice 
owing to frothing and breakage of the tube. 
The most convenient method is to decompose 
the mineral completely with sulphuric acid; 
Ewers (Ann. Phys. 1903, [iv], 17, 797) gives the 
following details of the extraction process . 
150 g. of finelj" powdered cleveite are mixed to a 
paste ■with water in a 500 c.c. flask. Air in the 
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flask is displaced with a current of carbon 
dioxide, and 225 c.c. of concentrated sulphuric 
acid are added through a dropping funnel. 
The helium evolved is removed by a slow stream 
of carbon dioxide, and collected over potassium 
hydroxide solution. Cleveite is a fairly cheap 
laboratory source of helium, as 1 kg. of the 
mineral should yield up to 8 litres of the gas. 
A much commoner mineral which contains 
workable quantities of helium is monazite, large 
supplies of which are used in the extraction of 
cerium, thorium and rare-earth metals ; mona- 
zite affords up to a litre of helium per kilogram, 
and the gas js extracted bj-^ heating to 1,000°. 
The Auer-Gesellschaft have marketed crude 
(75%) helium obtained by this method as a b^'- 
product of gas-mantle manufacture. 

Minerals liberate helium slowly in a vacuum 
at room temperature, and a small proportion is 
evolved on powdering the mineral ; Graj' (Proc. 
Roy. Soc. 1909, A, 82, ’301) recovered 28% of 
the available helium in thorianite by powdering 
to a particle diameter of 3/i., but a further reduc- 
tion in size gave no additional yield. 

Helium may also be isolated from the rarc-gas 
mixture obtained from atmospheric nitrogen by 
passing it over heated magnesium (Ramsay and 
fcavers, ibid. 1899, 6i, 183) or a heated mixture 
of magnesium and quicklime (Maquenne, Compt. 
rend. 1895, 121, 1147), but the process is very 
laborious and the yield is at most 1 litre of 
helium from 200,000 litres of air. The residues 
obtained commercially from the fractional dis- 
tillation of liquid air arc, however, a practical 
source of helium (see beloto). Mineral springs 
have also been made to yield small quantities of 
helium for laboratory use ; Ramsay obtained it 
from King’s Well, Bath (Proc. Roy. Soc. 1896, 
59, 198). 

The purification of the crude helium obtained 
by any of the above methods is conveniently 
effected by fractional adsorption ; as the otlier 
inert gases with which helium is associated are 
also inert chemically, no chemical purification 
method is applicable. The crude gas is intro- 
duced into an evacuated tube containing adsor- 
bent charcoal, which is cooled in liquid air ; all 
the inert gases except helium and neon then 
condense, and the helium-neon mixture can be 
pumped off. The vapour pressure of neon is so 
much less than that of helium at liquid air 
temperatures that a systematic repetition of the 
process gives fairly pure helium (Ramsay, 
ibid. 1905, A, 76, 111 ; Watson, J.C.S. 1910, 97, 
812). The adsorption process can be rendered 
continuous (Edwards and El worthy, Trans. Roy. 
Soc. Canada, 1919, 13, Til, 47). According to 
Peters (Z. physikal. Chem. 1937, A, 180, 
44), the adsorptive separation of neon and 
helium on charcoal can be completed by cooling 
to —225°. Fused quartz at 1,000-1,200° is 
permeable to helium, and if a heated quartz tube 
is surrounded -with the impure gas, pure helium 
can be pumped from the interior of the tube. 
The conditions necessary for a sharp separation 
appear to be somewhat critical; Watson (i.c.) 
records that the process is not successful with all 
kinds of fused quartz. Paneth and Peters (ibid. 
1928, B, 1, 253) have effected a complete separa- 
tion of helium from neon by a similar process 


of diffusion through hot glass ; they also record 
that palladium is permeable to hydrogen but 
not to helium, affording a simple method of 
separation for these two gases. 

071 the Commercial Scale . — ^The principal com- 
mercial source of helium to-day is the plant set 
up by the United States Government at Amarillo, 
Texas, for the extraction of helium from natural 
gas. The use of hehum on a commercial scale, 
and for airships, has only been possible since the 
vast resources 6f the American natural-gas wells 
have been utilised. The natural gas used at 
Amarillo is collected at a pressure of 700 lb. per 
sq. in. on the neighbouring Cliffside field; it 
contains about 1-75% of helium. Traces of 
carbon dioxide are first removed by treating the 
gas with sodium hydro.xide solution in large 
towers; this process is important as carbon 
dioxide solidifies and chokes up the liquefaction 
apparatus if it is allowed to remain in the gas. 
The natural gas is then cooled to —185° undei’ 
300 lb. pressure, when all the constituent gases 
liquefy except helium and some nitrogen, which 
are pumped away ; the liquid residue is allowed 
to vaporise and cool the incoming natural gas, 
and is then sold as a by-product for heating pur- 
poses. The crude gas containing about 50% of 
helium is purified b^' a similar liquefaction pro- 
cess under 2,500 lb. pressure, udiich gives 98% 
pure helium; this second, high pressure stage 
is carried out separately from the main bulk of 
natural gas in order to avoid loss of helium in the 
liquefied residues, in which it is appreciably 
soluble. The purified helium is charged directfy 
into cylinders at a pressure of 2,000 lb. per sq. 
in. The operating costs of the process in 1938 
totalled $12 per 1,000 cu. ft., or .$9 if allowance 
is made for the sale of b 5 ’’-product gas ; it is 
stated that the costs could be reduced to $5 by 
intensive production. The production of helium 
in the U.S.A. is now a Government monopoly. 
For further details, see Seibel, Ind. Eng. Chem. 
1938, 30, 848. 

Attempts to produce helium from natural gas 
on a commercial scale have also been made at 
Calgary, Alberta, using a process of cooling 
similar to that described above with a final puri- 
fication by adsorption of impurities on charcoal 
(McLennan, J.C.S. 1920, 117, 923 ; Edwards 
andElworthy, Proc. Roj'. Soc. Canada, 1919, 13, 
ni, 47 ; Lang, ibid. 1923, 17, III, 181 ; McLen- 
nan and Shrum, ibid. 1922, 16, III, 181 ; 1923, 
17, III, 21). The distribution and production of 
helium in Canada are discussed by Rosewarne 
and Offord, Canada Dept. Mines Publ. 1932, 
No. 727, 42. A.ttempts were also made during 
the War of 1914-18 to obtain supplies of helium 
from the soffioni in Tuscany (Porlezza, Giorn. 
Chim. ind. appl. 1920, 2, 638, 687). 

The separation of appreciable quantities of 
helium from air is difficult, as the content by 
volume is only about 1 part in 200,000. Owing 
to their low boUing points helium, neon and 
hydrogen are the last constituents of the atmo- 
sphere to condense on cooling. Dewar (Proc. Roy. 
Inst. 1903, 17, 223) has obtained a gas containing 
50% of helium and neon by a condensation pro- 
cess working at normal pressures, using liquid 
hydrogen; this is impracticable on the com- 
mercial scale. Claude (Compt. rend. 1908, 147, 
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624) obtained a similar mixture, containing 
about 50% of helium and neon rvith 50% of 
nitrogen, as an uncondensable residue from a 
liquid-air plant. Regular supplies of this crude 
gas can be obtained from liquid-air rectification 
plants, which are a valuable source of the rare 
gases ; a Claude plant produces some 20 litres 
of helium and neon per 1,000 cu.m, of air lique- 
fied, small losses occurring through the solubility 
of helium in liquid nitrogen and oxygen. After 
removal of the nitrogen the helium-neon mixture 
contains about 25% of the former gas. The 
separation of helium and neon is particularly 
difficult on a large scale ; for further details of 
the methods used, which have been described 
briefly above, see P^amsay and Travers, Phil. 
Trans. 1901, A, 197, 47 ; Crommelin, Comm. 
Leiden, No. 162c (1923) ; Rec. trav. chim. 1923, 
42, 814; Meissner, Natumass. 1925, 13, 695. 
Natural gas is free from neon, so that pure 
helium can be obtained from this source -without 
the difficidt separation from neon, -which is 
inevitable if the gases are obtained from the 
atmosphere. 


Physicax. Peopeeties of Helujm. 


Helium is a colourless gas -with a density of 
0-17346 g. per litre at N.T.P., or 0-08923 g. per 
litre at 0°C. and 380 mm. (Baxter and Stark- 
■^^eather, Proc. Nat. Acad. Sci. 1926, 12, 20), 
giving a gram-molecidar volume of 22-416 litres at 
N.T.P., in agreement -\Hth the results of other 
investigators. The molecular weight derived 
from the density data is 4-000, but as the gas is 
monatomic the accepted atomic -weight gives the 
value 4-003. Isotherms of helium have been 
plotted by Onnes et al. at temperatures be- 
tween —270° and 20° (Comm. Leiden, Nos. 164 
(1923), 165c, 170a, 1705 (1924), and 1765 (1925); 
Abegg, op. cit. p. 376), Holborn and Otto 
(-258° to 400°) (Z, Physik, 1925, 33, 1; 1926, 
38, 359), Wiebe, Gaddj'- and Heins (—70° to 
200°, with pressures up to 1,000 atm.) (J. Amer. 
Chem. Soc. 1931, 53, 1721), and by other workers 
over smaller temperature ranges. Onnes repre- 
sents the isotherms by an equation of the tj'pe .- 


. , B ^C^D , E , P 

pz;=A-r — + — -g 

V IT V ° V ° 


where the “ virial coeflBeients ” A-F are con- 
stant at each temperature ; in practice onty 
A, B and C need be considered, the remaining 


terms being negligible, 
stants are given below : 

Temp-! °C. A. 

0-00 0-99970 

20-00 1-07273 

100-35 1-36667 


Values of these con- 


BxIOL CxlO®. 

0-512 0-12 

0-534 0-13 

0-673 0-16 


(p is in atmospheres; and v in multiples of tlie 
specific volume at N.T\P.). An equation of state 
used by Holborn and Otto, and Wiebe, Gaddy 
and Heins is of the type ; 

pi;= A'-f B'p-f C'p2q- D' pH 

The latter authors give the following values of 
A', B' and C', cxijressing pv in Amagat units, 


i.e. values of the ratio pv/p^Vg, where p. and i- 
are the pressure and volume at N.T.P. : 


Temp., °C. 

A'. 

-70 

0-7438 

-35 

- 0-8721 

0 

1-00059 

50 

1-18480 

100 

1-3664 

200 

1-73284 


B' X lOh 

C' X 10®. 

5-322 

4-332 

5-296 

4-336 

5-217 

3-876 

5-1043 

3-.5308 

5-0442 

3-4889 

4-7795 

2-2518 


As before, D' and E' are neghgible. Jac}'na, 
Derewjankin, Obnorsky and Parfentiev (Bull. 
Acad. Poloiiaise, 1934, A, 379) state that the 
following equation represents the behaviour of 
helium at — 150° to 500° with considerable 


accuracy : 


pv=RT-ap{10T-Tg(l-lle^pi’^)}, 


the constants having 'the following values: 
a, -1-085 X 10-6 . _e.85 x 10“^ ; Tp, 273-22° ; 

R, 211-82; the units are metres and kilograms. 
The fundamental coefficient of the normal helhim 
thermometer, which ■ determines the change of 
pressure of a quantity of helium on varjdng tlie 
temperatirre at constant volume, is 0-003CG07 
(Keesom, van der Horst and Taconis, Phy.sica, 
1934, 1, 324). ; 

The viscosity coefficient of helium at 20° is 
1-941 X 10“^ (Trautz and Binkele, Ann. Physik, 
1930, [v], 5, 561 ; values are given for tem- 
peratures up to 200°). The variation of vis- 
cosity with temperature is given by : 


7i/72=(Ti/T2)6-66, 


where and are the viscosities at the 
absolute temperatures T^ and T2. Data for 
lower temperatures are given by van Itterbeek 
and Keesom (Physica, 1938, 5, 257). The vis- 
cosity of helium is independent of pressure 
except at pressures below about 2 mm. 

According to )Scheel and Heuse (Ann. Physik, 
1913, [iv], 40, 473) the specific heal of helium at 
constant pressure is 5-040 g.-cal. per g.-mol. at 
18°; and 4-980 at -180°; the ratio of the 
specific heats (y) is calculated to be 1-660, con- 
firming that the gas is monatomic. Keesom 
and van Itterbeek find that the velocity of sound 
\ in helium gas at -182-9° is 559-1 metres per 
sec., giving y= 1-661 at this temperature (Proc. 
K. Akad. Wetensoh. Amsterdam, 1930, 33, 
440; 1931, 34, 204). The thermal conditciivihj 
of helium at 0° is 0-00D3365 g.-cal. per sq. cm. 
per sec. per °C. (Eueken, Physikal. Z. 1913, 14, 
324); this value is for normal pressures, at 
which the variation of heat conductinty with 
pressure is negligible. 

The refractive index of helium for the wave- 
length of the green mercur3>- lino (A 5401 A.) h 
1-00003489 (Cuthbertson and Cuthbertson, Proc. 
Roy. Soc. 1932, A, 135, 40 ; dispersion data are 
also given). . 

Helium is diamagnetic ; its volume suscepii- 
bilily is -0-780x10-1° at N.T.P. (Hector, 
Physical Rev. 1924, fii], 24, 418). -mu 

The dielectric constant of helium at N.T.l . 
1-000068 (Hochheim, Verb. dent, physjkal. 
Gcs. 1908, [ii], 10, 440). 
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Tlie arc spectrum of Jielium contains two series 
of lines, the “ orthohelinra ” and “ para- 
helium ” series ; the discharge in a Geissler tube 
with a gas pressure of 3-o nun. is orange-yellow 
in colour, and the orthohelium lines pre- 
dominate. If the pressure is reduced or the 
discharge intensified the colour becomes greenish, 
the change corresponding with intensification 
of the paraholium lines ; the wave-lengths of the 
principal lines in both series are given below 
(the ■wave-lengths are in Angstrom units ; the 
ortho- and para-helium scries arc denoted by 
0 and P, respectively). 

3888-61: 0 
3964-73 P 
4026-19 0 
4120-81 0 
4387-93 P 
4471-48 0 
4713-15 0 

(Kayser, “ Tabelle der Haupthnicn der Ele- 
inente,” Berlin, 1926). A strong condensed 
discharge gives the so-called “ spark ” spectrum 
of helium (cf. Lyman, Nature, 1924, 113, 785 ; 
Astrophys. J. 1924, 60, 1). 

Eefei-ence has been made above to the diffusion 
of helium through quartz glass at high tempera- 
tures. The z-esults of numerous studies of the 
diffusion of helium through solids are somewhat 
inconclusive. The rate of diffusion through 
fused quartz at temperatures between —76'’ 
and 562° is appro.ximately proportional to the 
pressure, and inversely proportional to the 
thickness of the quartz diaizhragm (Braaten and 
Clark, J. Amer. Chem. Soc. 1935, 57, 2714). 
Lord Rayleigh (Nature, 1935, 135, 30, 993 ; 
Proc. Roy. Soc. 1936, A, 156, 350) records that 
helium passes freely through celluloid, gelatin 
and “ cellophane ” at room]|tcmperature ; the gas 
is said to pass between, constituent crystals of 
the solid.' Single crystals of quartz and other 
substances are impermeable or only slightly 
permeable to helium. Lord Rayleigh supports 
the view that the transmission of helium through 
vitreous quartz, boron trioxide, etc., is due to 
creepage of the gas molecules along sub-micro- 
scopie channels in the structure; addition of 
alkah to the glass closes ■'the channels at room 
temperature and prevents diffusion of the gas. 
Taylor and Rast conclude, however, that 
diffusion of helium through Pyrex glass is 
governed by chemical factors (J. Chem. Physics, 
1938, 6, 612). 

The Ostwald coefficients for the solubility of 
helium in water are as follows : 

Temperature 0° 10° 20° 30°C. 

Ostwald coeff. 0-00955 0-0093 0-0091 0-0090 

(The corresponding Bunsen coefficients are 
0-00955, 0-00895, 0-0085 and 0-0081, respec- 
tively) (cf. Cady, Elsey and Berger, J. Amer. 
Chem. Soc. 1922, 44, 1456, and a correction by 
Valentiner, Z. Physik, 1930, 61, 663). Wiebe 
and Gaddy (J. Amer. Chem. Soc. 1935, 57, 
847) have determined ,the solubility in water 
at 0-76°, with gas pressures up to 1,000 atmo- 
spheres. 


Critical Constants of Helium; Liquefac- 
tion of Helium. — The critical temperature of 
helium is —268-0° (5-1° abs.), and the critical 
pressure is 2-3 atmospheres. At normal tem- 
peratures the Joule-Thompson effect for liolium 
(for measurements, see Roebuck and Osterberg, 
Physical Rev. 1933, [ii], 43, 60) is opposite in 
sign to that for most gases, and helium is heated 
on expansion through a jet or porous jzlug ; the 
usual methods of cooling used in gas liquefiers 
(cf. Liquefaction of Gases) cannot be applied 
for tliis reason. In addition, the critical tem- 
perature is extremely low, so that helium cannot 
be liquefied by application of jiressure at any 
readily available temperature. In 1908 Onnes 
found that the Joule-Thompson .effect for 
helium was reversed b}"^ cooling the gas in solid 
hydrogen, and was able to use the effect to 
produce further cooling, and eventually lique- 
faction of the helium (Compt. rend. 1908, 147, 
421 ; Proc. K. Akad. Wetensch. Amsterdam, 
1909, 11, 68). An apparatus for the continuous 
production of liquid helium is desci-ibed by 
Onnes (Vcrsl. Akad. Amsterdam, 1926, 35, 862 ; 
Proc. K. Akad. Wetensch. Amsterdam, 1926, 
29, 1176). Cooling is effected on the cascade 
principle, temperatures of —85°, —150°, —183° 
and —253° being i-eached bj' evapoi-ation of 
liquefied methyl chloride, ethylene, oxj^gen and 
hydrogen, respectively, in successive cycles. The 
helium is compressed to 30 atm. pressure, 
cooled to —253°, and e.xpanded through a jet; 
this process, proceeding continuously, ultimately 
causes liquefaction of the helium. For descrip- 
tions of other liquid-helium plants, see Linde- 
mann and Keeloy, Nature, 1933, 131, 191, and 
Kapitza, Proc. Roy. Soc. 1934, A, 147, 189. 
Kapitza’s apparatus docs not require liquid 
hydrogen for its operation. Pre-cooling with 
liquid nitrogen is found to suffice, further cooling 
of the helium to about 10° abs. being produced 
by a small expansion engine incorporated in the 
apparatus ; the final liquefaction depends on 
the Joule-Thompson effect. The apparatus 
prodaccs liquid helium 1| hours after starting, 
and the output is 2 litres per hour, with a liquid 
nitrogen consumption of IJ litres per litre of 
liquid helium. 

Tiie boiling point of liquid helium under 760 
mm. pressure is 4-216° abs. (Schmidt and Kee- 
som, Physica, 1937, 4, 963). Data for the vapour 
pressure over the range 0-760 mm. are given by 
the same authors tfhid. 1937, 4, 971). The 
density of liquid helium at the normal boiling- 
point is 0-122 g. per c.c., giving a molecular 
volume of 31-9 c.c. The compressibility, 7 to 
8 X 10“® sq. cm. per kg., is the highest of any 
known liquid (Keesom and Clusius, Proc. K. 
Akad. Wetensch. Amsterdam, 1932, 35, 320). 
The latent heat of vaporisation has a broad 
maximum in the neighbourhood of 3° 
(approx. 6-6 g.-cal. per g.), and falls rapidly 
at -higher temperatures (Dana and Onnes, 
ibid. 1926, 29, 1051; Van Laar, ibid. 1926, 29, 
1017). 

Liquid helium, is one of the most remarkable 
substances known to chemists ; it exists in two 
distinct forms, known as helium-I and helium-II. 
The relationships between these two liquid forms 
and the vapour and solid are illustrated jlia- 


4921-9.3 P 
5015-68 P 
5875-63 0 
6678-15 P 
7065-20 0 
7281-35 P 
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grammatically in the curve below, which is not 
to scale. Liquid helium exists as heUum-I at 
normal pressures ; the liquid, which can be kept 
for short periods in a good Dewar vessel, is 
almost invisible, but the surface has a similar 
appearance to a sheet of mica by reflected light. 
Slow boiling produces a stream of bubbles of 
helium vapour rising through the liquid. If the 
pressure over the liquid is reduced to a point in 
the curve DE immediate transformation to 
helium-II takes place ; the only visible evidence 
of a change is the sudden cessation of the stream 
of bubbles as the point E is passed. The point 
E, commonly known as the A-point, is the triple 
point at which helium-I, helium-II and the 
vapour coexist in equilibrium ; it corre.sponds 
with a temperature of 2-186° abfe. and a vapour 
pressure of .3-83 cm. (Schmidt and Keesom, 
Physica, 1937, 4, 971). The line EB (the “ A- 
linc ”) represents the variation of the A-point 



with change of pressure. The A-point corre- 
sponds with a sharp maximum in the specific 
heat of liquid helium (Keesom and Clusius, Proc. 
K. Akad. Wetensch. Amsterdam, 1932, 35, 307), 
but there is apparently no latent heat associated 
w'ith the transition between the two forms. 
The density of the liquid at various pressures 
reaches a maximum value along the A-line 
(Keesom and Keesom, Physica, 1933-34, 1, 128). 
The viscosity falls rapidly below the A-point, 
and the viecof>ity of belium-II at low tempera- 
tures is remarkably low {e.g. 1-24 micropoises at 
1-304° abs. ; w'ater at 20° has a visco.sity of 
about 10,000 micropoise.s) (c/. Keesom and 
Alacwood, Physica, 1938, 5, 737), The thermal 
conductivity of liquid helium also shows a 
remarkable change at the A-point ; it rises from 
Gxl0~® g.-cal. per sq. cm. per sec. per °C. at 
3-3° abs. (helium-I) to 190 (same units) at 
]-4-l-7.5° abs. (helium-TT). Helium-II is by far 
tlie best conductor of heat yet discovered. 
Helium-II also has remarkable capillary proper- 
ties ; it forms a film about 5 x 10“® cm. tliick on 
any solid with wln'ch it comes into contact, and 
flic liquid is transferred through this film to the 
lowest available level (Daunt and Alendelssohn, 
Xature, 1938, 141, 911; 142, 475). Ko dis- 
continuity occurs in the surface tension of liquid 


helium at the A-point (Allen and Misener, Proc 
Camb. Phil. Soc. 1938, 34, 299), and the mole^ 
cular refractions of the two liquid forms are 
equal (Johns and Wilhelm, Canad. J. Res. 1938, 

A, 16, 131). Debye-Scherrer AT-ray diagrams 
of helium-I and -II have been obtained by 
Keesom and Taconis (Physica, 1938, 5, 270), 
who consider that the latter has a partly ordered 
lattice structure based on a face- centred cubic 
arrangement, but ivith half the atoms missing, 
leaving channels in the structure. The degrS: 
of order in the structure of helium-II is thus less 
than that in the solid, but greater than that in 
helium-I. 

The portions DE and EF of the curves 
represent the vapour pressures of helinm-II 
and -I, respectively. These vapour pressures 
(p, in cm.) are given by the following equations: 

Helium-I : 

IogioP=l-217-3-024/T-f 2-208 logipT. 

Helium-II : 

logioP=2-035~3-859/Td-0-922 logjoT. 

(Keesom ei al., Proc. K. Akad. Wetensch. 
Amsterdam, 1929, 32, 864, 1314). The point B 
represents the triple point for solid helium, 
helium-I, and helium-II, at 1-753° abs. and 29-91 
atm. pressure. Solid helium is obtained only 
by compression of one of the liquid forms ; the 
solid, liquid and vapour cannot coexist in 
equilibrium. Solidification of helium is accom- 
panied by little change in appearance, and is 
detected experimentally by the freezing up of 
a mechanical stirrer. Even at the absolute zero 
of temperature, solid helium would not be stable 
at pressures less than about 25 atm. (Keesom, 
Physica, 1934, 1, 128, 161 ; Kaischew and 
Simon, Nature, 1934, 133, 460; Simon, ibid, 
1934, 133, 529), The density of soh'd helium in 
equilibrium with liquid helium-I is 0-23 at 
4-0° and 0-22 at 3-6° abs. ; the heat of fusion 
is 6-75 g.-cal. per g.-atom at 4-0°, and 5-1 g.-cal. 
at 3-4° abs. (Kaischew and Simon, l.c.). The 
melting-point curve BC, over the range 12-42 
abs., is given by the equation : 

logi o(P+ = 1 -5044 IogioT+ 1-236 ; 

p is expressed in kg. per sq. cm. (Simon, 
mann and Edwards, Z. physikal. Chem. 19-9, 

B, 2, 340; 6, 62). According to Keesom and 
Taconis (Proc, K, Akad. Wetensch. Anistcraani» 
1938, 41, 95), solid helium at 1-45° abs. and 
37 atm. pressure has a he.xagonal close-packed 
structure ; there are two atoms in the unit cell, 
3-57 A. apart, and the spacings of the {100} and 
{101} planes are 3-07 and 2-75 a., respectively. 

For general accounts ’of the physics of solid 
and liquid helium, see Sattcrly, Rev, Mod. 
Physics, 1936, 8, 347 ; Keesom, Katuunvetensch. 
Tijds. 1929, 11, 65; and Burton, Smith anti 
Wilhelm, “ Phenomena at the Temperature o 
Liquid Helium,” New York, 1940, 

ClIEMICAI, PkoPEETIES OF HeLIUM. 

There is little evidence for the existence of well- 
defined stoicheiometric compounds of helium, 
although a number of solid substances of in- 
definite composition containing helium h^i'C 
been obtained, generally under the action ol an 
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electric discharge. Intense electron bomhard- 
ment of helium in the neighbourhood of a 
tungsten filament gives a black substance which 
Boomer (Proc. Roy. Soc. 1925, A, 109, 198; 
Nature, 1925, 115, 16) considered to he a tung- 
sten helide WHej. Boomer also found indi- 
cations of the existence of compounds with 
mercury, iodine, phosphorus and sulphur. 
Damianovitch (c/. a review covering the ques- 
tion of the formation of helium compounds. 
Bull. Soc. chim. 1938, [v], 5, 1085, 1092, 1106) 
has also obtained a supposed compound of 
helium and platinum. There is no evidence for 
the formation of hj'drates, or of compounds with 
boron trifiuoride similar to those given by argon. 

Helium and Radioactivity. 

The a-rays produced in radioactive processes 
consist of the nuclei of helium atoms, which 
become neutral helium atoms after regaining 
two electrons apiece. One_ gram of radium in 
equilibrium with its disintegration products 
yields 167 cu. mm. of helium per year. The 
production of helium in the disintegration of 
radioactive elements has been confirmed experi- 
mentally in a number of cases (Abegg, op. cif. 
p. 173). The helium produced in the “ artificial” 
nuclear reaction 

has also been collected and determined by 
Paneth, Gliickauf and Loleit (Proc. Roy. Soc. 
1936, A, 157, 412). 

Attempts have been made to obtain the 
helium isotopes ^He and “He by artificial dis- 
integration methods. Evidence has been ob- 
tained for the production of “ H e from deuterium 
in a mass-spectrograph (Bleakney, Harnwell, 
Lozier, Smith and Smyth, Physical Rev. 1934, 
[ii], 46, 81) and Joliot and Zlotowski (Compt. 
rend. 1938, 206, 1256) state that “He is formed 
with protons during 'a-particle bombardment of 
parafBn wax (gHe-l-jH ^ 2 ^^e-l-jH). For a 
general discussion of the question, see Lord 
Rutherford, Nature, 1937, 140, 303. 

Detection and Determination of Helium. 

HeUum is invariably detected by its character- 
istic arc spectrum (see above), given by a dis- 
charge through the gas in a Geissler tube. This 
method has been refined by Paneth and Peters 
» (Z. physikal. Chem. 1928, 134, 353) to permit 
detection of 10“^® c.c. of the gas ; the lines at 
5875'63 and 5015-68 A. are the last to disappear 
from the spectrum when the quantity of helium 
present in the discharge is reduced. 

The determination of helium in gas mixtures, 
in the absence of other inert gases, is carried out 
by volume measurement after removing all 
other gases by adsorption on charcoal, as in 
McLennan’s apparatus for the determination of 
helium in natural gases (J.C.S. 1920, 117, 943), 
or by chemical means (see, for instance, Moureu, 
J. Chim. phys. 1913, 11, 63). If other rare gases 
are present the determination is more difficult, 
but gases other than helium and neon can be 
removed by fractional adsorption (Moureu, l.c.) 
and -the helium-neon mixture analysed by the 
method of Paneth and Hrry (Mikrochem., 


Emich Festschrift, 1930, 233), which employs a 
hot-wire manometer in a AVheatstone bridge cir- 
cuit. This method can be used with gas pres- 
sures as low as 6 X 10"“ mm. A similar method 
can he used for the determination of 7 x 10~® 
to 10"'* c.c. of pure helium, ivith an error of 
about 1% for the larger of these volumes. 
Schroer (Z. anal. Chem. 1937, 111, 161) and 
Germann, Gagos and Neilson (Ind. Eng. Chem. 
[Anal.J, 1934, 6,-215) have described methods for 
the determination of hehum in gas mixtures. 

Uses of Heliuji. 

Large quantities of helium have been used 
for filling baUoons and dirigibles; helium has 
92% of the lifting power of hydrogen, and has 
the overwhelming advantage of complete non- 
inflammability. In addition, the loss of gas by 
diffusion through the envelope is smaller with 
helium than with hydrogen. Up to 26% of 
hydrogen may bo mixed with the hehum without 
producing an inflammable mixture (Satterly and 
Burton, Trans. Roy. Soc. Canada, 1919, 13, III, 
211 ; Ledig, J. Ind. Eng. Chem. 1920, 12, 1098). 

Increasing amounts of helium are now being 
used for medical purposes. It is of great value 
in certain tj’pcs of respirator 3 '^ obstruction, as a 
mixture containing 79% of helium and 21% of 
ox 3 ’gen (corresponding with air in composition) 
is much easier to breathe than air, minimising 
muscular effort (Sykes and Lawrence, Brit. 
Med. J. 1938, ii, 448). Substitution of helium 
for the nitrogen in the air supply to tUvers 
reduces their liabflity to “ chvers’ bends,” a 
comjflaint caused by separation of nitrogen from 
the blood on reduction of pressure. “ Decom- 
pression ” of cases of “ bends ” is much more 
rapidly effected with helium and ox 3 'gen than 
with air (End, Amer. J. Physiol. 1937, 120, 712). 
Helium has also been used for pneumothorax 
fillings (Klin. Woch. 1938, 17, 1153). 

In the laboratory liquid helium is extensively 
used in low temperature physics. Temperatures 
less than 1° abs. can be reached by evaporation of 
the hquid under reduced pressure. The helium 
vapour -pressure thermometer is also useful in 
the same field. The helium gas thermometer is 
the basis of the International helium scale of 
temperature. 

Owing to the simplicity of the helium mole- 
cule, helium has been made the subject of 
numerous studies in molecular and atomic 
physics, which are outside the scope of this 
article ; reference should be made to the Indexes 
of one of the Abstract Journals. A full account 
of the work done on the chemistry of hehum up 
to 1927 is included in Abegg’s “ Handbuch der 
anorganischen ■ Chemie,” Vol. IV, Section 3, 
Part 1, “ Die Edelgase.” 

A. J. E. W. 

» HELLA" BUSHLIGHT (a. Vol. V, 486d). 

HELLANDITE. Siheate of yttrium, er- 
bium, calcium, aluminium and manganese cry- 
stalhsed in the monochnic system. One analysis 
showed YgOs 19-29, Er^Oa 15-43, Ce^Og 1-01%. 
The crystals are prismatic in habit, and when 
fresh are nut-brown in colour with a resinous 
lustre on the conchoidal fracture. Sp.gr. 3-70 ; 
hardness 5J. The mineral is readily soluble in 
hydrochloric acid with evolution of chlorine, and 
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ifc is fusible in the Bunsen flame. Usually, 
however, it is much altered to a yellow or w'hite 
earthy material which is optically isotropic and 
contains much w'ater. The crystals are found 
singly, in association with tourmaline, apatite, 
thorite, orthite, etc., embedded in the granite 
pegmatite-veins which are quarried for felspar 
in the neighbourhood of Itragerd in the south of 
iSTorway. 

L. J. S. 

HELLEBOREIN, HELLEBORIN, 
HELLEBRIN(«;, Vol. II, 3876, c). 

HELLEBORUS. In ancient Greek medi- 
cine iXXe^opv; was a drug prescribed for mania. 
The Black Hellebore of Theophrastus (“ En- 
quiry into Plants,” trans. A. Hort, London, 1916, 
II, 265) has been identified by Thiselton- 
Dyer as HelUhorvs cyclophyllus Boiss., and the 
Greeks’ White Hellebore was considered by the 
same authority to have been Verairum album L. 
The Romans (Celsus, c. a.d. 10) administered 
V. album under the name Helleborus. The 
confusion of H. species (Fam. Ranunculaceaj) 
and V. .species (Fam. Liliaceas) continued in 
later centuries (c/. Gerard’s “ Herball,” 1597) 
until the present day. Thus Green Hellebore, 
H. viridis ; Stinking Hellebore, H. fadidus ; and 
Black Hellebore, II. niger, have been traditional 
remedies in England, but none of these drugs is 
included in the Briti.sh Pharmacopoeia, 1932. 
In the United States, however. Green Hellebore, 
a native swamp plant, V. viride, is official in 

U. S. Pharmacopeia XI; White Hellebore is 

V, album, a closely related substitute imported 
from Europe but not officially recognised. The 
risk of confusing true Hellebores with Veratrum 
species is pointed out in the literature {e.g. 
Henry, “ Plant Alkaloids,” 3rd ed., 1939, p. 629 ; 
“Extra Pharmacopeia,” 1941, I, p. 364; 
B.P.C. 1934, 505). 

H. niger, Chri.stmas Rose {v. Vol. II, 1). For 
the active cardiac glycosides recently isolated, 
see Vol. II, 3876. The drug is the root and 
rhizome. The powdered root is irritant and 
stemutatoiy; given internally it is strongl3’ 
cathartic, and toxic, over doses have had fatal 
results. H. niger does not contain alkaloids 
(Keller and Schobel, Arch. Pharm. 1927, 265, 
1238). For further references, see J. L. L. van 
Rijn, “ Die Glykoside,” 2nd ed., Berlin, 1931, 
pp. 128, 132, 133 ; “ U.S. Dispensatory,” 22nd 
ed., 1937, p. 1406. 

Helleborus viridis. Green Hellebore, Fam. 
Ranunculacese, is found as a rare wld flower in 
England and was a traditional remedy for 
dropsy (Sowerby, “ English Botany,” 1873, 
Vol. I, p. 56). A continental variety contained 
the gljmosides previou.sly found in H. niger and 
in addition four alkaloids : celliamine, 

^21^35^2^’ 

m.p. 127-131° ; sprinlillamine, 
m.p. 228-229°; spriniilline, C 25 H 4 jOgN, m.p. 
141—142°, which are cardiac alkaIoid.s, and 
alhaloid V, C25H430eN, m.p. 267-268° (Keller 
and Schobel, Lc. ; ibid. 1928, 266, 545). The 
three named alkaloids are pharmacologically 
similar and re.semble cevadine, acom’tine and 
delphinine (Franzen, Arch. exp. Path. Pharm. 
1931, 159, 183). For a comparison of the 


potency of six Helleborus species, see Tschirch, 
“ Handb. d. Pharmakognosie,” 2nd ed., Vol. H. 
Berger discussed characteristics and tests for the 
black and green species (Scientia Pharm. 1939, 
10, 83). The rhizomes of these species cannot 
be distinguished unless the radical leaves are sfill 
attached (Wallis and Saunders, Pharm. J. 1924 
113, 90, 133). 

H. fcelidus (Sowerby, op. cit.), formerly a 
reputed antithelmintic. H. orienialis has 
been analysed by Sonntag and Kuhlmann 
(Apoth.-Ztg. 1937, 52, 227 ; see also papers in 
Pharm. Ztg. 1937, 82). 

White Hellebore, — Veratrum album (Fam. 
Lih'aceae). The drug is the dried rhizome and 
root of a European alpine plant ; it is not official 
in the British Pharmacopoeia or in U.S. Pharma- 
copoeia XI, and is classed in Part 1 of the 
(British) Poisons List. V. album was formerly 
prescribed as a cardiac depressant. Its toxicity 
is best determined by a bio-assay, e.g. on 
Daphnia magna iViehoever and Cohen, Amer. J. 
Pharm. 1939, 111, 86). The powdered drug has 
been used as a parasiticide. In appearance 
and properties V. album so closely resembles 
V. viride that some authors considered the drugs 
to be equivalent. The alkaloids of F. album 
have been studied by Wright and Luff (-I.C.S. 
1879, 35, 405) and by Salzberger iArch. Pharm. 
1890, 228, 462) and recently Poethke (ibid. 1937, 
275, 357, 571; 1938, 276, 170; Amer. Chem. 
Abstr. 1939, 33, 807) has revised the existing 
data and described some new alkaloids. Those 
now known include yem'Tie, C26H37O3N, m.p. 
243°; rubijervine, C2CH43O2N, m.p, 239°; 
pseudojervine, C33H49O8N, m.p. 304°; prolo- 
veralrine, C4oHe30j4N, m.p. 255°; and ger- 
merine, CggHg^OuN, m.p. 193°. These are 
crystalline, and protoveratrine is highly toxic; 
see also Henry, op. cit., p. 629. 

Green Hellebore, American Hellebore.— 
Veratrum viride (Fam. Liliacese), c/. White 
Hellebore above. The drug is official in the 
U.S. Pharmacopoeia XI, but not in the British 
Pharmacopoeia; it is classed in Parti of the 
(British) Poisons List. It has been prescribed 
as a powerful cardiac sedative. For its standardi- 
sation, see V. album. It has been largely used 
in dilute aqueous suspension for destroying 
insect larva? in garbage, but its toxic properties 
render it dangerous for spraying vegetables. 
The alkaloidal -content resembles that of 1 • 
album but has not been so closely studied ; the 
presence of cevadine has been reported in 1 • 
viride (Wright, J.C.S. 1879, 35, 422 ; cf. T. SoU- 
man, “ Pharmacology,” 5th ed., Philadelphia, 
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HELLHOFFITE (v. Vol. I\^ 545(7). 

HELMINTHOSPORIN (v. Vol. V, 55a). 

‘'HELMITOL,” “formamol.” Trade name for 
a compound prepared from hexamethylenetetra- 
mine by the action of anhydromethylene citnc 
acid. 


(COgH-CHglgC/ 


-CH„ 


CO— O 


obtained by the interaction of formaldehyde or 
chloromethyl alcohol and citric acid (G P> 
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129265, 150949). It is valued as a urinary 
antiseptic and is used in the treatment of 
rheumatism, 

HELVITE {v. Vol. Ill, 547a), 
HEMELLITHENOL. .S:4:5-Trimethyl- 
phenol, m.p. 81°. (Jacobsen, Ber. 1886, 19, 2518). 

HEMICELLU LOSES. The cell-walls of 
many plants contain polysaccharides other than 
cellulose, certain of which have been described 
by the general name of “ hemicellulose.” The 
term was suggested by E. Schulze in 1892 to em- 
brace certain polysaccharides which ho obtained 
from plant materials by extraction with dilute 
alkali. Since that time the name has been 
given to polj^saccharides of the cell-wall which 
are soluble in alkali and hydrolysed readily by 
dilute acid. It is obvious that by this definition 
a large number of carbohydrates with no signifi- 
cant constitutional, relationship Avill be included, 
and in practice the term is retained, only because 
of its convenience for referring in general to the 
complex mixture of polysaccharides obtained 
when plant material is extracted with alkali. 
Homogeneous products isolated from such a 
mixture are. usually named from the Cg or 
Cg sugar they yield on hydrolysis, e.g. X 3 dan 
from esparto grass, m'annan from the ivorj^- 
nut. Eor convenience, these substances are 
described under CABBOnynRATES, Vol. II, 287a, 
303c. 

The difficult task of preparing pure homo- 
geneous specimens from hemicelluloae material 
has been accomplished in comparatively few 
cases. Most workers partly purify their pro- 1 
ducts by fractional precipitation (e.g. by acidifi- 
cation of the alkaline extract, and by the addi- 
tion of alcohol) or by forming an insoluble 
copper complex (Heuser, J. pr. Chem. 1922, [ii], 
104, 261), but this process rarely yields pure 
products. Separation may sometimes be effected 
by methylation (see Hampton, Haworth and 
Hirst, J.C.S., 1929, 1739). 

A brief note on the hemiceUuloses isolated 
from the chief sources follows. 

Wood. — ^The hemicellulose from American 
white oak gives on hydrolysis d-xylose, l- 
arabinose, d-mannose and d-galactose (O’Dwyer, 
Biochem. J. 1923, 17, 503). English oak has 
also been examined by O’Dwyer (ibid. 1939, 

• 33, 713 ; 1940, 34, 149). Two main fractions of 
the hemicellulose have been obtained; A, by 
acidification of the alkaline extract, and B, by 
addition of alcohol to the filtrate from this opera- 
tion. “Hemicellulose A” from both the sapwood 
and the heartwood contains xylose and a methyl 
uronic acid, but that from the sapwood contains 
also some 10% of glucose. “ Hemicellulose B ’’ 
from both sources contains xylose and a uronic 
acid, and that from sapwood contains glucose in 
addition. 

Boxwood yields a product from which xylose 
and a uronic acid have been isolated (Preece, 
ibid., 1931, 25, 1304). From larch wood (Larix 
occidentalis) an “ e-galactan ” has been obtained, 
which has been separated into a galactan and 
ah araban (Peterson, Barry, Unkauf and Wise, 
J. Amer. Ghem. Soc. 1940, 62, 2361 ; Hirst, Jones 
and Campbell, Nature, 1941, 147, 25). The mole- 
cular weights of several polysaccharides from 
wood have been calculated by Husemann from 
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osmotic pressure measurements (Naturwiss. 1939, 
27, 595). 

Straiv. — ^From oat and rye straw hemi- 
celluloses have been obtained which on hydro- 
lysis yield d-xylose, Z-arabinose and d-galactose 
(Norman, Biochem. J. 1929, 23, 1353). Those 
from wheat straw and lucerne hay yield chiefly 
d-xylose and Z-arabinose (Weihe and Phillips, 
J. Agric. Res. 1940, 60, 781; Phillips and Davis, 
ibid. 1940, 60, 775). ' 

Seeds. — d-Xylose, Z-arabinose, d-glucose and 
uronic acids have been found on hydrolysis of 
the hemieellulose from wheat bran (Norris and 
Preece, Biochem. J. 1930, 24, 60), and maize 
cobs give somewhat similar products (Preece, 
ibid. 1930, 24, 973 ; Angell and Norris, ibid. 1936, 
30, 2165). From the shell of the ivory-nut 
(Phytelephas macrocarpa) mannans have been 
isolated (Patterson, J.C.S. 1923, 1139; IClages, 
Annalen, 1934, 509, 159). From the peanut 
(Arachis hypogma) a galactan and an araban 
have been obtained, and it appears that the 
structure of the latter is similar to that of the 
araban present in apple pomace (Hirst and Jones, 
J.C.S. 1938, 496; 1939, 454). 

For a discussion of the many problems in this 
field, see A. G. Norman,' “ The Biochemistry of 
Cellulose, the Poljmronides, Lignin, etc,” 
Oxford University Press, 1937. For experi- 
mental details of the methods used in these 
investigations and a description of the isolation 
of many hemiceUuloses, see Doree, “ The 
Methods of Cellulose Chemistry,” Chapman and 
Hall, 1933. 

G T Y 

H EM I M ELL ITEM E (a. Vol. Ill, 457a)‘. 

HEMIMORPHITE(or Electric Calamine) . 
Hydrous silicate of zinc, ZUjHjSiOg, crystal- 
lising in the orthorhombic system, and an 
important ore of zinc. The water is expelled 
only at a red heat, and the formula may be 
written as an acid salt or as a basic metasilicate, 
or as a basic diorthosilicate, 
H 2 Zn 2 (ZnOH) 2 (SiO 4 ) 2 . An important chemi- 
cal character, of help in recognising the mineral, 
is the fact that it readily gelatinises with 
acids. Crystals are not uncommon, but are 
usually small; they are often grouped in fan- 
like aggregates, at the edges of which the perfect 
prismatic cleavage with pearly lustre may often 
be seen. When doubly terminated, they show 
a characteristic hemimorphic development, 
different kinds of faces being present at the two 
ends of the vertical axis. Connected with this 
polarity is the strong pyroelectric character of 
the crystals. The mineral also forms mamUIated 
and stalactitic masses ; or it may be massive 
and cavernous and cellular, being then often 
mixed with clayey matter or smithsonite. The 
colour ranges from white to yellow and bro'wn, 
and is sometimes bright blue or green. Sp.gr. 
3-45 ; hardness 4^5. Hemimorphite usually 
occurs in association with zinc carbonate 
(smithsonite) and zinc-blende and ores of lead, 
often as veins and beds in limestone strata. 
Fine large crystals are found at Santa Eulaha, 
Chihuahua, Mexico ; and the mineral has been 
mined as an ore at several localities, e.g. 
Cumberland, Altenberg in Rhenish Prussia, 
Sardinia, Santander in Spain, Hungary, Northern 
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Rhodesia, United States, British Columbia, etc. 
The ambiguous name calamine {q.v.) is often 
applied to this mineral species. 

L J S 

HEMIPINIC ACID, CioHioOe' (3:4- 
dimethoxyphthalic acid, 3:4-dimethoxyhenzene- 
l:2-dicarboxylic acid) is a product of oxidation 
of many alkaloids, e.g. narcotine (Wohler, 
Annalen, 1844, 50, 17), berberine (Schmidt, Ber. 
. 1883, 16, 2589). It may be prepared by warm- 
ing 3:4-dimethoxy-2-methylbenzoic acid with 
alkaline permanganate (Perkin, J.C.S. 1916,109, 
921), or by heating Liebermann’s opianic acid 
oxime anhydride (Ber. 1886, 19, 2278), 


OMe 


MeOi 


COO 

. [ 

CH;N 


with potassium hydroxide, acidifying and ex- 
tracting with ether (Goldschmidt, Monatsh. 
1888, 9, 376). The melting-point varies with 
the rate of heating, 177° (Perkin, J.C.S. 1889, 
55. 73, 85), 186-188° (Rabe and McMillian, 
Annalen, 1910, 377, 239, 241). It crystallises 
with 2H2O usually, but also with 1 mol. and 
2\ mol. of water. 

Slightly soluble in cold water, but more so 
than opianic acid, from which it may be separated 
by means of its calcium salt (Rodionow and 
Abletzowa, Chem. Zentr. 1935, II, 685). Soluble 
in alcohol but sparingly soluble in ether. Heat 
of combustion 102-46 g.-cal. (Leroy, Compt.rend. 
1900, 130, 510), K=MxlO-3 at 25° (Kirpal, 
Monatsh. 1897, 18, 462). The aqueous solution 
gives an orange-yellow precipitate with ferric 
chloride solution. Lead acetate gives a gela- 
tinous precipitate soluble in excess of the reagent 
and reprecipitated as a dense powder on heating. 

On heating at 180° for 1 hour the anhydride is 
formed (Beckett and Wright, J.C.S. 1876, 29, 
173, 282). The anhydride is also obtained by 
the action of 4 mol. phosphorus pentachloride on 
the dried acid at 140° for 2 hours in sealed tubes 
(Freund and Holrst, Ber. 1894, 27, 333). The 
anhydride, m.p. 166-167°, reacts with resorcinol 
forming dimethoxyfluorescein (Friedl, Weiz- 
mann and Wyler, J.C.S. 1907, 91, 1584).' 

Gentle nitration gives 6-nitrohemipinic acid, 
m.p. 154-155°, and 6-nitro-2:d-di'niethoxyhenzoic 
acid, m.p. 189° (Wegseheider and von Rusnov, 
Monatsh. 1908, 29, 546 ,- Wegseheider and 
Klemenc, ibid. 1910, 31, 740), while fuming 
nitric acid at 60° gives, amongst other products, 
5:6-dinitro-2:3-dimethoxybenzoic acid, m.p. 196- 
197° (Wegseheider arid Klemenc, Z.c.). 

Heating with concentrated sulphuric acid gives 
l:2:5:6-tetrahydroxyanthraquinone (Liebermann 
and Chojnacki, Annalen, 1872, 162, 327). 

5-Chlorohemipinic acid, m.p. 168-169°, is 
obtained from the acid and potassium hypo- 
chlorite in caustic potash solution. 5:6-J)i- 
chlorohemipinic acid, m.p. 130°, is obtained by 
the direct chlorination of an alkaline solution of 
the acid (Faltis, Wrann and Kiihas, Annalen, 
1932, 497, 88). 

For 6-ani{720-, Qdnjdroxy-, i^-chloro- and G-iodo- 
hemipinic acids, see Griine, Ber. 1886, 19, 2302 ; 
Faltis and TCloibor, Monatsh. 1929, 53/54, 620, 


The acid forms many 'esters, both mono- and 
di-esters. The 2-monomethyl ester exists in 
two modifications; the labile form crystaUises 
from water with 1 HgO, mip. 96-98°, a^ydroua 
121-122° ; the stable form v ith 1 HgO crystallises 
from ether, m.p. 98-102°, water-free crystals 138° 
(Wegseheider, Monatsh. 1897, 18, 418, 589, 629). 

Hemipinic anhydride condenses with o-cresol 
in the presence of AlClg to give 3 :4-dimethoxy- 
2:2-di(4-hydroxy-3-methylphenyl) phthalide and 
3:4 - dimethoxy- 2-(2-hydroxy-3-methylbenzoyl)- 
benzoic acid (Jacobson and Adams, J. Amer. 
Chem. Soc. 1925, 47, 283). 

m-Hemipinic Acid (4:5-dimethoxyhenzene- 
l:2-dicarboxylic acid). — Obtained by the degra- 
dational oxidation of alkaloids such as papa- 
verine (Goldschmiedt, Monatsh. 1885, 6, 380) or 
corydahn (Bobbie and Marsden, J.C.S. 1897, 71, 
664), also by oxidation of brazilin trimethyl 
ether (Gilbody, Perldn and Gates, ibid. 1901, 
79, 1405) and of emetin (Windaus and Hermanns, 
Ber. 1914, 47, 1471 ; cf. Spath and Leithe, ibid. 
1927, 60, [B], 688) 

The acid may be prepared, by the alkaline 
oxidation of 4:5-dimethoxy-2-methyIbenzoic 
acid with potassium permanganate (Luff, 
Perkin and Robinson, J.C.)S. 1910, 99, 1136), 
or by condensation of 3:4-dimethoxybenzoic 
acid with chloral and sulphuric acid followed by 
reduction to 3:4-dimethoxy-6-jS^-dichloroethyl- 
benzoic acid, and oxidation to w-hemipinic acid 
with alkaline permanganate (Meldrum and 
Parikh, Chem. Zentr. 1936, II, 213). It may 
also be prepared by the o.xidation of 5:6-di- 
methoxy-l-hydrindone mth nitric acid (Perkin 
and Robinson, J.C.S.. 1907, 91, 1083). 

?n-Hemipinic acid crystallises with 1 and 2 
mol. of water,' and also in the anhydrous form; 
m.p. (gradual heating) 174-176°, (more rapid 
heating) 179-182°; yields the anhydride, m.p 
176°, on heating above 1 90°. The acid is^ much 
less soluble in water than the isomeric acid and 
gives a cinnabar-orange precipitate with ferric 
chloride and a wliite precipitate with silver 
nitrate. Nitric acid gives dinitroveratrol, and 
4:5-dihydroxyphthalic acid is obtained by 
hydrolysis with hydriodic acid (Rossin, Monatsh. 
1891, 12, 493). The acid may be identified by 
means of its ethylimide, m.p. 229-230°, and by 
the anhydride. 

fsoHemipinic acid (3:4-dimethoxybenzene- 
l;5-dicarboxylic acid), has been isolated from 
lignins (Freudenberg, Janson, Knopf, Haag and 
Meister, Ber. 1936, 69, 1415). 

H E M I S I N E . Syn. for Adrenaline {q.v.). 

H EM LOCK (u. Vol. Ill, 324c). • 
HEMLOCK SPRUCE RESIN. The mam 
constituent of the resin, e.g. from Picea excelsa 
and from the Japanese hemlock (Kawamura, 
Bull. Imp. Forestry Exp. Stat. Tokyo, 1932, 
No. 31, 73) is tsugaresinol, m.p. 235-237 , 
C20H20O0. Its structure is given as : 

/ 

RCH< >CHR 
\CO'^ 


where 


\_/ 

MeO 


R = HO( >CH2. 
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H EM P (v. Vol. V, lG2c-163c). ' 

HEMPSEED OIL. The seeds of the hemp 
plant, Gannahis safiva L., contain about 30% 
of oil, of which the bulk can be removed by 
expression. Hemp is cultivated in most warm 
and temperate lands, cither for the sake of the 
fibre or as a source of oil. The chief producers 
of the on, which is mainly consumed locally, 
although the expressed hempseed cake appears 
in international trade, are China (jManchuria), 
Russia, France and Italy ; the Russian produc- 
tion of 530,000 to 956,000 tons per annum over 
the years 1925-30 equalling that of linseed oU. 
The annual French production of oil has been 
estimated at over 10,000 tons, whilst a similar 
amount has been forecast for Germany. The 
cultivation of hemp has also been undertaken of 
late years in the United States, where apprecia- 
tion of the oil as a raw material for the paint 
and varnish industr}' has been steadily growing. 

Freshly expressed hempseed oil is light green 
to greenish-yellow in colour, becoming brownish- 
yellow on keeping, and is readilj' refined. The 
chemical and physical characteristics of the oil 
fall within the following ranges ; dj® 0‘925-0-933 ; 
saponification value 188-194; iodine value 
140-170 (usually between 150 and 166); m.p. of 
fatty acids 17-21°C. Sprinkmeyer and Died- 
richs (Z. Enters. Nahr.-u. Genussm. 1912, 23, 679) 
obtained 8-8% of ether-insoluble bromides by 
brominating the oil itself; Eibner (c/. Eibner 
and Wibelitz, Chem. Umschau, 1924, 31, 123) 
obtained only 2% of ether-insoluble bromides 
from the fathj •acids of hemp oil, but Heiduschlca 
and Zwergal (Pharm. Zentralh. 1936, 77, 551) 
and Kaufmann and Juschkevitsch (Z. angew. 
Chem. 1930, 43, 90 : examination of an expressed 
Russian oil) find 17'8% and 20-5% of insoluble 
(fatty acid) hexabromides, respectively. 

From 4-5 to 9-5% of saturated acids has been 
isolated from the oil by various observers, but 
the composition of the remaining unsaturated 
acids is uncertain. Kaufmann and Juschke- 
vitsch, using the thiocyanometric method, com- 
pute the composition of the fatty acids (iodine 
value 174-5) from an oil of iodine value 167 
to be : saturated acids 10%,^ oleic acid 12%, 
linoleic acid 53% and linolenic acid 25% 
(c/. Schestakoff and Kuptschinsky, Z. deut. Oel- 
u. Fett-Ind. 1922, 42, 741). It is likely that the 
proportions of the unsaturated acids, and 
especially of linolenic acid, may vary with the 
climate of source or locality of the seed. Hemp- 
seed oil may be classed as a semi-drying oU, and 
is used, especially on the Continent, in the manu- 
facture of green soft soap, and of boiled oils for 
the paint and varnish industry (cf. V. S. Kiselev 
and Charov, Maslob. Shir. Delo. 1929, No. 11, 
24 ; Chim. et Ind. 1930, 23, 1461 ; Kansas City 
Prod. Club, Oil, Paint and Drug Rep. 1935, 128, 
No. 22, 64). In Asiatic coimtries the oil is ex- 
tensively consumed as an edible oil, some 
60-65% of the total Russian production being 
thus used [see report by Tilgner and SchiUak, 
Polish Agric. and Forest Ann. 1938, 44, No. 2/3, 
437 (Amer. Chem. Abstr. 1938, 32, 8613) on 
the suitability qf^ refined hempseed oil for the 

^ I.e. 9-5% on the' oil determined hy Bertram’s 
method. 


canning of fish] although the presence of traces 
of toxic or narcotic substances in the oil has 
occasionally been reported (c/. Kaufmann and 
Juschkevitsch, l.c . ; T. Y. Lo, Natl. Peiping 
Univ. Coll. Agric., Nutrit. Bull. B. 1935, (2), 
22, 57). In the United States the use of hemp- 
seed oil in the paint industry’' is extending, 
and it has also been strongly recommended as a 
grinding oil for paint pigments (H. Friedman, 
Amer'. Paint. J. 1936, 20, January 13, 48). Its 
employment as a cosmetic oil has been sug- 
gested. 

The expressed hempseed cake may be used in 
limited amounts as a feeding-stuff for cattle, 
although it is Uable to contain traces of a narcotic 
principle (Lemcke, Seifens.-Ztg. 1907, 34, 
1229) ; in France and Belgium the cake is used as 
manure. 

E. L. 

HENBANE, Hyoscyamus niger Linn. (Sola- 
nacem), is a biennial herb, a native of Europe, 
North Africa and North and West 'Asia, and 
cultivated in England and elsewhere. The lower 
leaves vary in length up to 25 cm. and are ovate- 
lanceolate whilst the upper leaves are shorter, 
sessile and ovate-oblong : their margins are 
coarsely dentate and both surfaces are covered 
with long, soft hairs. The flowers, crowded 
together, arise in the axiles of large, hairy bracts, 
are large, funnel-shaped and dull yellow TOth 
purple veinings. The fruit is a capsule. The 
seeds may be separated by sieving into two 
fractions according to size ; the smaUer produce 
annual plants whilst the larger give rise to 
biennials (Holmes, Pharm. J. 1921, 106, 249). 
The whole plant emits a strong, characteristic 
odour and possesses a bitter, acrid taste. The 
dried leaves and flowering tops are official in the 
British Pharmacopoeia, 1932, under the name of 
Hyoscyamus and are required to contain not 
less than 0-05% of the total alkaloids, calculated 
as Tiyoscyamine, and to comply Avith certain 
pharmacognostical standards. A liquid extract 
(0-045-0-055% total alkaloids), a dry extract 
(0-27-0-33% total alkaloids) and a tincture 
(0-0045-0-0055% total alkaloids) are the official 
preparations. Henbane contains the alkaloid 
hyoscyamine, the Imvo-isomex of atropine 
(tropyltropeine). 


CHo— CH— CH„ 

i I 

NMe CH-0-OC-CHPh-CH„-OH 

I I ■ 

CHg— CH— CHg 

and smaller amounts of hyoscine, the Z-tropyl 
ester of scopine. 


CH— CH— CH, 


•\l 


NMe CH-0-0C-CHPh-CH,0H 


CH— CH— CH, 


together with volatile bases similar to those in 
belladonna leaf. The roots contain a greater 
proportion of alkaloids than the aerial parts of 
the plant. Methods of estirnation of the alka- 
loidal content are described in the British (1932) 
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and U.S.A. (XI) PLarmacopceias. Critical re- 
views of available methods have been published 
by Caines and Evers (Pharm. J. 1926, 117, 179 ; 
Caines, Quart. J. Pharm. 1930, 3, 344), Exler 
(Pharm. Weekbl. 1928, 65, 1152), and Evans and 
Goodrich (J, Amer. Pharm. Assoc. 1933, 22, 824). 
For pharmacological methods of assay, see 
XoUe, Arch. exp. Path, Pharm. 1929, 143, 184; 
Jendra'^sik and Will, ibid. 1930, 153, 94; 
Fernandez, ibid. 1928, 127, 197, 204 ; Pulewka, 
ibid. 1932, 167, 96 ; Ked and lOuge, ibid. 1934, 
174, 493 ; Trabucchi, Atti. Soc. med. chir. 
Padova. 1935, 13, 172. 

W. H. L. 

HENDECOIC ACIDS (UNDECOIC 
ACIDS), C11H22O2. 

(1) 72-Undecylic Acid, CHgiCHaVCOOH, 
is obtained b^' the reduction of undecjdenic acid 
bj" hydrogen and colloidal palladium (Levene 
and West, J. Biol. Chem. 1914, 18, 464) or with 
h3’drogen iodide and red phosphorus (ICrafft,Ber. 
1878. 11, 2219). Also by the oxidation of 
method undecjd ketone with chromic acid (Krafft, 
ibid. 1929, 12. 1667). It may be obtained by 
heating a-chloro- or cr-bromo-myristic acid to 
350° with alkali, and by the oxidation of 6:7- 
dilu'droxj’stearic acid with alkaline permanga- 
nate (Green and Hilditeh, J.C.S. 1937, 764); 
m.p. 29-30°; b.p. 164° '15 mm., 179°/28 mm., 
2287I6O mm. 

Amide, m.p. 96-97°; 2-benzimidazole deriva- 
tive, m.p, 114-114-5° (Pool, Harwood and 
Ralston. J. Amer. Chem. Soc. 1937, 59, 178). 
Acid cldoride, b.p. 123°/11 mm. (Ford-Moore 
and Phillips, Rec. trav. chim. 1934, [iv], 53, 15, 
847). Evidence for enantiotropisra is given by 
the tran-sition temperature 12-5-20° observed 
by Gamer and Randall (J.C.S. 1924, 125, 887) 
and bj* the different heats of crystallisation of 
the two forms, and the X-ray examination (de 
Boer. Chem. Zentr. 1927, I, 1410). I 

The zinc and magnesium salts find some use | 
in cosmetics {ibid. 1934, 11, 1215 ; 1936, II, 884) 
The triglyceride has also been prepared (Ver- 
kade, van der Lee and Meerburg, Rec. trav. 
chira. 1932, 51, 13). The ethjd ester condenses 
with benzene in the presence of aluminium 
chloride to give ethyl phenjdimdecjdate and 
diethyl phenyldiundecylate (Baranger, F.P. 
67.9041; Chem. Zentr. 1930, 11, 307). 

(2) Methyidibutylacetic Acid, 

(CH3-CH2-CH2-CH2)2C(CH3)C00H. 

Prepared b}^ the oxidation of a-methjd-aa- 
dibutjdacetone with 60% nitric acid (Meerwein, 
Annalen, 1919, 419, 148); b.p. 158-159°/18 mm. 
It is also obtained with other products in the 
oxidation of zsotributylene. A white crystalline 
solid, m.p. 66-70°, soluble in alcohol and ether, 
insoluble in water. 

(3) Ethylpelargonic Acid. — Prepared from 
3-iodononane and sodiomalonic ester (Bagard, 
Bull. Soc, chim, 1907, [iv], 1, 359) or from 
{cnanthylmalonic ester and ethyl bromide 
(Bowden and Adkins, J. Amer. Clieni. Soc. 1934, 
56, 689); b.p. 117-1 18°/.5-6 mm, 

(4) An acid, C2JH22O2. is obtained bj' blowing 
air tlirough melted paraffin for some daj'-s at 
130-13.3° (Bcrgmann, Z. angew. Chem, 1918, 31, 


69); m.p. 53-/°, easily soluble in ether and 
light petroleum, but difficultly so in alcohol. 

HENDECENOIC ACID, C^j^KjoOj, an 
acid obtained from alkaline extracts of petroleum 
distillates, b.p. 250-270° (HeU and :Medinger, Ber. 
1874, 7, 1217 ; 1877, 10, 451). It has also been 
termed pelroleumic acid. Another hendetenoic 
acid is obtained by oxidising non-hydroxy- 
lated c^ing qUs (U.S.P. 2020998). After sul- 
phonation, or sulphonation of products of its 
condensation with aromatic hydrocarbons, it 
may be used as a substitute for Turkey Red oil. 

HENEQUEN (v. Vol. V, 166a). 

HENNA (Al-henneh, Al-henna, or All- 
Ken n a), The dried leaf of a small shrub 
indigenous in Egypt and the Levant, also known 
as Eg}y)tian privet, Lawsonia alba, L. inerrnis 
and certain other species of L. An aqueous in- 
fusion of the leaves has long been used in the 
East as a prophylactic against certain skin 
diseases; the root is alleged to he a specific 
against leprosy, the flowers yield a perfume and 
the fruit is used as an emmenagogue. The plant 
is cultivated mainly for the leaves ,- these are 
dried and powdered for use as the dye henna, 
w'hich as a stain for the hair, or for colouring 
the finger nails and soles of the feet, has been 
known from the earliest times. Lai and Dutt 
(J. Indian Chem. Soc. 1933, 10, 575) describe the 
uses of the plant in India for a diversity of 
ailments. 

The colouring matter of henna has been in- 
vestigated by Lai and Dutt {l.c.), by Tommasi 
(Gazzetta, 1920, 50, i, 263) and by Cox (Analyst, 
1938, 63, 397). The leaves contain no tannin 
or starch but gaUic acid and lawsone, which has 
been shoim to be identical with 2-hydroJO'- 
l:4-naphthaquinone, m.p. 192°; acetyl deriratiyct 
m.p. 128°, monoxime, m.p. 180°; 2-.i-dinitro- 
phenylJiydrazone, m.p. 225°. Lawsone is an 
acid dyestuff which dyes wool or silk a bright 
orange colour from an acid bath. Other colours 
can be obtained by use of a mordant (c/. Tom- 
j masi, l.c.). Air-dried henna leaves contain about 
I 1-1-4% of 2-hydroxynaphthaquinone which 
may he determined quantitative^ by reduction 
to trihydro.xynaphthalene and titration in an 
atmosphere of carbon dioxide as described by 
Cox {l.c.). Processes have been patented for ™® 
extraction of lawsone from henna (B.P. 236557, 
1924). For the composition of henna hair-dyes 
and compounded hennas, see H.vtE Dies 
(Httmax) (this Vol., p. 170c). See also Aekaxet 
and Alkaitxa. 

HEPARSICC. Liver extract, used m the 
treatment of anfemia ; it produces a rise in the 
red blood cell count and relieves the symptoms. 
There are more then 50 proprietary preparations- 
The active principle against pernicious anffiOTa, 
“ anahEcmin ” (Dakin and West, J. Biol. Chem. 
1935, 109, 489), appears to contain 2 substances 
(Wills et ah. Lancet, 1937, i, 311; Extra 
Pharmacopoeia, 1941, 566). The Iflinister o 
Health (Pharm. J. 1941, i, 24, 71) has decided 
that liver extracts may not be administered o 
persons suffering from pernicious anmmia otlier- 
wise than by injection. This decision was 
e.xtended to other megalocjriic auEc-raias m 
“ Liver Extract (Regulation of Use Amen( - 
ment Order, 1941.” 
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HEPARIN. The anticoagulant substance 
prepared from liver and used in blood trans- 
fusion. A formida proposed is 

C22H2d0i„(0S03H)5(C02H)2(NH'C0-CH3), 

Extra Pharra. 1941, 675 (a. Vol. II, 23c?, 24c). 

HEPTALDEHYDE, CH3-[CH2]6-CHO, 
also known commercially ns oinanilidl, b.p. 153- 
156°, 0-825, 7)^° 1-416, is a synthetic per- 

fume with a hea\"y, persistent fruity effect. 
It should never be used in gi-eater amount in the 
finished jiroduct than 0-1% or it Avill destroy 
entirely the perfume value. It gives a very 
pleasant note to most floral bouquets. 

E. J. P 

HEPTOIC ACIDS, 

(1) n-'Heptoic, Acid, CEnanthylic Acid, 

CH3-LGH2VCOOH. 

Formed by the oxidation of heptaldeliyde 
(Organic Syntheses, 1936, 16, 39) and by the 
action of anhydrous potassium hydroxide at 220- 
230° on ?i-heptyl alcohol, the yield being nearly 
theoretical (Guerbet, Compt. rend. 1911, 153, 
1489 ; Bull. Soc. cliim. 1908, [iv], 2, 168). 
Also formed by the oxidation of castor oil and 
of oleic acid (Schorlemmer, Annalen, 1872, 161, 
279 ; Tripier, Bull. Soc. chim. 1894, [hi], 11, 
99). 

An oily’ liquid, b.p. 222-224°; 118-119°/17 
mm. Density 0-92217 (Bilterys and Gisscleire, 
Chem. Zentr. 1936, I, 3999). Acid chloride, b.p. 
74-75°/l-9 mm. (Ford-Moore and Phillips, Rec. 
trav. chim. 1934, [iv], 53, 15). Amide, m.p. OI- 
OS® (Asano, Chem. Zentr. 1922, 1, 1227). It may 
be identified as its phenazine salt, m.p. 95-96° 
(Pollard, Adelson and Bain, J. Amer. Chem. 
Soc. 1934, 56, 1759) ; for its 2-benzimidazole, 
m.p. 137-5-138°, see I?ool, Harwood and Ralston, 
J. Amer. Chem. Soc. 1937, 59, 178. 

The acid is important in perfumery and an 
account of its preparation from castor oil has 
been published, “ Das Ricinusol als wichtiges 
Rohprodukt fiir die DarsteUung synthetischer 
Riechstoffe,” Riechstoffindustrie, 1927 ; see also 
Riv., ital. essenze profumi, 1930, 12, 58. The 
zinc and magnesium salts have been used in 
cosmetics (F.P. 45471, Pat. Add.). 

(2) isoHeptoic Acid (a-methylhexoic acid), 
CH 3 -[CH 2 ] 3 -CHMe-COOH. — Obtained by 
boiling hexyl cyanide with alcoholic potash 
(0. Hecht, Annalen, 1881, 209, 309) or by the 
reduction of fructose carboxylic acid (Kiliani, 
Ber, 1886, 18, 3071). An oily, rancid-smelling 
hquid, b.p. 209-6°, d^^ 0-9138. Completely 
miscible with alcohol, ether, chloroform and 
carbon disulphide. Slightly soluble in water. 

(3) fsoAmylacetic Acid, 

CHMe2-[CH2]3-COOH. 

Prepared by the action of sodium and iso- 
amyl iodide ujjon ethyl acetate (Franldand and 
Duppa, Annalen, 1866, 188, 338) or by the 
distillation of fsoamylmalonic acid (Paul and 
Hoffmann, Ber. 1890, 23, 1498), b.p. 216° 
(Levene and AUen, J. Biol. Chem. 1916, 27, 442), 
0-9155 (Wallaeh, Annalen, 1915, 408, 190). 


(4) Methyidiethylacetic Acid (aa-methyl- 
ethylbut 3 Tic acid), CMeEto-COOH. — Ob- 
tained by prolonged heating of methyldiethyl- 
methyl cyanide with strong hydrochloric acid 
(E. Schdanoff, ibid. 1877, 185, 120), b.p. 207- 
208°I75S mm. Nearly insoluble in water. 

(5) /3-Methylcapronic Acid, 

CH3-[CH2]2-CHIVIe-CH2-COOH. 

Prepared from mnlonic ester and sec-aiuyl alcohol 
(Dcwael and Weekering, Bull. Soc. chim. Bclg. 
1924, 33, 495); b.p. 212-213°/755 mm. This 
acid is identical with the methylhexoic acid 
prepared by G. Ciamician and P. Silber (Atti. 
R. Accad liincci, 1908, [v], 17, 1, 185; Ber. 
1908, 41, 1077; 1913, 46, 3080) from 1-mcthyl- 
hexan-3-onc. 

(6) Methyl/sopropylpropionic Acid (/5y- 
diraethylvaleric acid), 

CH3(C3H7)CH‘-CH2-C00H. 

Obtained by heating sodium fsovalerate with 
sodium cthoxide in a stream of carbon monoxide 
(Geuther.’ Frolich and Looss, Annalen, 1880, 202, 
321) ; b.p. 220°. 

(7) -Ethyipropylacetic Acid (a-cthjdvaleric 
acid), CHEtf?“-COOH. — Obtained by hydro- 
lysing ethyl ethylpropylacelate with alkali 
(H. Kiliani, Ber. 1886, 19, 227), b.p. 209-2°. 
The acid and its salts have been used as vul- 
canisation regulators (U.S.P. 1997760). 

(8) Ethyh'sopropylacetic Acid (ay-di- 

methylvaleric acid), CHEtP^-COOH. — It has 
been reported (G.P. 441272 ; Chem. Zentr. 1927> 
I, 2137) to have been obtained from methyl 
alcohol, carbon monoxide and hydrogen, by heat- 
ing under pressure and treating the resulting oil 
with alkali. It may be i)repared by the standard 
malonic ester synthesis (M. W. Burrows and 
W. H. Bentley, J.C.S. 1895, 67, 511); b.p. 
204-205°. 

HEPTYL ALCOHOL. This alcohol, 
C^HigO, and its esters are sometimes used in 
perfumery, and the series of esters from the 
formate to the valerianate have been prepared 
and put on the market. Their value in synthetic 
perfumery is mostly of a “ text-book ” nature, 
and they are not of any real importance to the 
perfume industry. 

E. J. P. 

n-HEPTYLSUCCINIC ACID, 

CjHis-Ci-ifCOOHlCHa-COOH. 

Formed by the reduction of n-hexyl-itaconic, 
-citraconic or -mesaconic acid with sodium 
amalgam (Fittig and Hoeifken, Annalen, 1899, 
304, 337) ; m.p. 90-91°. Soluble in water and 
chloroform, difficxdtly soluble in benzene. 

“ HERATOL ” (V. Vol. I, 75a). 

"HEROIN.” Acetomorphine. Diacetylmor- 
phine, used as a sedative. 

HERBACETIN, HERBACITRIN (v. 
Vol. Ill, 407a). 

HERCYNITE(a. Vol. IV, 279(?). . 

HERDERITE (v. Vol. I, 085a). 

» HERMITE FLUID,” (v. Vol. IV, 20fZ). 

H E R R I N G O I L (a. Vol. V, 228d). 

» HERTOLAN ” {v. Vol. II, 264c). 
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HERZENBERGITE. 


HERZENBERG ITE. Tin sulphide, SnS, 
as black, flaky orthorhombic crystals, closely 
resembling franckeite (q.v.) and teallite (and to 
some extent also graphite) in appearance. As a 
natural mineral it •vras first recognised from the 
Maria Teresa mine, Huari, Bolivia, by R. 
Herzenherg in 1932 and named by him kol- 
bechine. This name being preoccupied, it was 
later renamed herzenhergite and proved to be 
identical with artificial SnS. The mineral has 
also been found in small amount in the Stiepel- 
mann mine near Arandis in South-West Africa 
(P. Ramdohr, Z. Krist. 1935, 92, 186 ; W. Hof- 
mann, ibid. 1935, 92, 161). Crystals of the same 
kind are formed during tin smelting when the 
ore contains sulphides. These were at first' 
described as an orthorhombic modification of j 
tin (“ )S-tin ”), hut afterwards proved to he 
SnS (Xf. J. Spencer, Min. Mag. 1921, 19, 113). 

L* J- S. 

HESPERITINIC ACID (v. Vol. V, 61a). 

HESSITE or TELLURIC SILVER. 
Silver teUuride, AggT e, crystallised in the cubic 
system and isomorphous with argentile (q.v.). 
The silver (Ag 63'3%) is often partly replaced 
isomorphously by gold, forming a passage to 
pelzite. The colour is lead-grey, and the 
material somewhat sectile ; sp.gr. 8-3-8-9, hard- 
ness 2|-3. The best crystals, though much 
distorted, are from Botes in Transylvania, and 
massive material was formerly obtained in 
some quantity in the Slavodinsk mine in the 
Altai illountains, Siberia. The mineral has also i 
been found in California, Colorado and Utah. 

L. J. S. 

HESSONITE V . G^bxet. 

HETEROXANTHINE, 7-methyLvanthine, 
2:6-dioxy-7-methylpurine, 

NHCO-CNMev 

1 li >CH 

CO-NH-C N^ 

occurs together with xanthine and paraxanthine 
as a constituent of normal human urine (Salo- 
mon, Ber. 1885, 18, 3406 ; Virchow's Archiv. 
1891, 125, 554; Wada, Acta Schol. Med. Univ. 
Imp. Baoto, 1930, 13, 187) ; 10.000 htres yielded 
22*2 g. of the mixed bases, of which 11-36 g. 
was heteroxanthine (Salomon and Kruger, Z. 
physiol. Chem. 1898, 24, 364) ; it occurs also 
with xanthine in the urine of the dog (Salomon, 
ibid. 1887, 11, 410). Heteroxanthine appears to 
be a product of the metabolism of theobromine 
and caffeine, for when these alkaloids are 
administered to rabbits, dogs or men, hetero- 
xanthine appears in the urine (Bondzynski and 
Gottheb, Ber. 1895, 28, 1113). According to 
Albanese (Gazzetta, 1895, 25, ii, 298) heter- 
oxanthine is an intermediate product in the 
degradation that caffeine undergoes in the 
organism, the methyl groups being successively 
removed until xanthine is obtained, which is then 
converted into tuea and ammonia. Hetero- 
xanthine acts as a powerful dfuretfc on dogs 
and rabbits when injected hypodermically in 
small doses ; larger doses are toxic, an injection 
of 1 g. killed a dog weighing 8 kg. in 10 days 
(Albanese, f.c. ; cf. Kruger and Salomon, Z. 
physiol. Chem. 1895, 21, 169; Schmiedeberg, 
Ber. 1901, 34, 2556). 


The isolation of heteroxanthine from yeast 
{1-2 g. from 40 kg. dried brewer’s yeast) has 
been described by Wiardi and Jansen (Rec. trav. 
chim. 1934, 53, 205). The yeast was e.xtracted 
with -water containing 0-1% benzoic acid. The 
bases were adsorbed on fuller’s earth, extracted 
■with barium hydroxide solution, precipitated 
vith sodium sihcotungstate and then .purified 
by precipitating twice with silver nitrate in 
A/100 HNO3. The heteroxanthine was recrys- 
taUised from A"/2 hydrochloric acid. 

The synthesis of heteroxanthine from theo- 
bromine (v. Vol. n, 197c) has been effected by 
Fischer (Ber. 1897, 30, 2400). When 2:6- 
dichloro-7 -methylpurine, 

NrCCl-C-NMe, 

I i! >CH 

CChN-C 

obtained by the action of phosphoryl chloride on 
theobromine, is heated at 120-125° with hydro- 
chloric acid (sp. gr. 1-19), it is converted into the 
hydrochloride of heteroxanthine. When 2:6- 
dichloro-7-methylpurme is heated with allyl 
alcohol and sodium, it yields 2;6-diallyloxy-7- 
methylpmine, m.p. 111—112°, which may be 
reduced catalyticaUy to heteroxanthine (Berg- 
mann and Heimhold, J.C.S. 1935, 1365). 
Another synthesis was carried out by Sarasin 
and Wegmaim (Helv. Chim. Acta, 1924, 7, 713 ) ; 
the nitrate of 5-chloro-l-methyIglyoxaline, 
when treated -with concentrated sulphuric acid, 
is converted to 5-chloro-4-nitro-l-methylgly- 
oxaline, m.p. 147-148°, which, on heating with 
potassium cyanide and a little iodide in alcoholic 
solution, gives 4-nitro-5-cyano-l-methylglyoxa- 
line, m.p. 141-142°. Hydrolysis of this nitrile 
gives the amide, m.p. 257-258° (decomp.), and 
then reduction yields the amide of 4-amino-l- 
methylglyoxalinecarboxylic acid (m.p. 184-185 , 
hydrochloride, m.p. 214r-215°). This amino 
amide reacts -with ethyl carbonate at 160 
170° to give heteroxantl^e. Kruger and Salo- 
mon (Z. physiol. Chem. 1898, 26, 389) also 
obtained it by the action of nitrous acid on 
epiguanine (7-methyIguanine, 2-ammo-6-o.vy-7- 
methylpurine), 

NH -CO • C-NMe. 

i il >CH 

C(NH2);N-C 

and as Fischer (l.c.) has synthesised epiguanine, 
this method is also synthetical. 

Heteroxanthine is a crystalline powder ; when 
heated gradually it melts and decomposes at 
341-342°, when heated rapidly it darkens at 
360° and melts and decomposes at 380°. It dis- 
solves in 142 parts of boiUng water (Fischer, l.c.) 
or in 7,575 parts of alcohol at 17°, or in 2,250 
parts at the boiling-point (Bondzynski and 
Gottlieb, Ber. 1895, 28, 1113). Hetero.xanthine 
possesses both acidic and basic properties, the 
basic (l.f,) and acidic (la) dissociation constants 
being 11-82 xlO-^^ and 4-019 xIO-^^ respec- 
tively (Wood, J.C.S. 1906, 89, 1840). For the 
dissociation constants in water and 90% alcohol 
at 18°, see Ogston (J.C.S. 1935, 1376) ; and for 
the ultra-violet absorption spectrum, see Gnl- 
land and Hobday (Kat'ure, 1933, 132, 782) and 
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Gulland, Holiday and Macrae (J.C.S. 1934, 
1639). 

Heteroxanthine forms salts -with acids which 
are readily dissociated in water; the hydro- 
chloride crystallises in tufts of transparent 
crystals, and yields a micro-crystaUine plalini- 
cMoride; the sulphate, C6Hg02N4-H2S04, is 
decomposed by water. Heteroxanthine forms a 
characteristic sodium derivative, 

CgH502N4Na,6H20, 

crj'stallising in plates or prisms, melting at 
about 300°, readily soluble in water, sparingly 
so in sodium hydroxide ; the potassium deriva- 
tive has similar properties and a higher melting- 
point (Salomon, Ber. 1885, 18, 3406 ; Virchow’s 
Archiv. 1891, 125, 554). Hetcroxanthine yields 
a crystalline precipitate with mercuric chloride, 
and forms a ciystallino derivative with silver 
nitrate. It is also precipitated by copper 
acetate, phosphotungstic acid or lead acetate in 
the presence of ammonia (Salomon, l.c.). It is 
differentiated from hypoxanthine, xantliine and 
guanine by the sparing solubility of its sodium 
derivative in sodium hydroxide ; it differs from 
paraxanthine in its solubility and in not yielding 
a precipitate with picric acid in the presence of 
hydrochloric acid. 

When a solution of heteroxanthine containing 
clilorine-water and nitric acid is evaporated, the 
residue develops a red colour with ammonia, 
becoming blue on addition of sodium hydroxide. 
On oxidation with potassium permanganate in 
concentrated sulphuric acid, heteroxanthine 
yields three of its four nitrogen atoms as 
ammonia or urea, and the fourth as methylamine 
(JoUes, Ber. 1900, 33,-2120, 2126). 

By electrolytic reduction in sulphuric acid 
solution, heteroxanthine yields 2-oxy-7-methyl- 
l:6-dihydropurine (Tafel and Weinschenk, ibid. 
1900, 33, 3374). 

HETEROGENEOUS REACTIONS. 

Heterogeneous reactions, by definition, take 
place at phase boundaries or involve transport 
of matter across the boundaries. The possible 
phase boundaries are : 

gas-solid ; liquid-solid ; gas-liquid ; 
liquid-bquid ; solid-solid. 

Reactions at each of these phase boundaries will 
be briefly reviewed in turn. The phenomena 
covered by the term “ heterogeneous reaction ” 
include many processes discussed elsewhere in 
this dictionary (v. Dns'rusiojr, Vol. Ill,' 6045 ; 
Grystallisatiok, Vol. HI, 445d; Catalysis 
IN InDUSTBIAL CHESnSTBY, Vol. II, 422d; 
- Haboened oe Hydeogenated Oils, this Vol., 
p. 1776 ; Absobption, Vol. I, 66 ; and Adsobp- 
TiON, Vol. I, 147d). The present article will 
therefore describe the underlying principles and 
modern examples of certain processes, but for 
reasons of space wiU deal primarily with reactions 
usually regarded as chemical. 

A. Reactions at the Gas-Solid 
- Ihteeeace. 

(i) Systematic Classification of the 
Kinetics of Heterogeneous Reactions. — ^A 
reaction at an interface may be controlled by 
any one of the steps : 


(а) Transport of reactants to the interface. 

(б) Adsorption of the gases. ' 

(c) Reaction on the surface. 

(d) Desorption of the products. 

(e) Transport of the liberated products away 

from the surface. 


(а) and (e) are normally diffusion processes. 

(б) and (d) may be chemical or physical in 
nature, while (c) is the essentially chemical 
process. In the majority of reactions at gas- 
solid interfaces (c) governs the reaction velocity. 
First, however, the less usual steps will be 
considered. 

Diffusion as a Bate- Determining Step. — ^Dif- 
fusion is of primary importance in many 
reactions at liquid-solid interfaces (p. 2156). 
It may also control reaction rates at the gas- 
solid interface when the solid is present as a 
porous mass. Diffusion to and from the im- 
portant internal surfaces is then slow enough to 
govern the rate of reaction. This has been 
observed during coal or coke combustion under 
special conditions (Tu, Davis and Hottel, Ind. 
Eng. Chem. 1934, 26, 749 ; see also p. 215a) and in 
the activated adsorption of hydrogen by charcoal 
at high temperatures (Barrer, Proc, Roy. Soc. 
1935, A, 149, 256). As a rule, however, it is a 
supernumerary phenomenon in heterogeneous 
gas reactions. 

Sorption and Desorption as Rate-Determining 
Steps. — ^At high temperatures on certain sur- 
faces, for example, charcoal, the ortho-para 
conversion of hydrogen may occur by activated 
adsorption of hydrogen (p. 2146, d), followed by 
desorption (A. Farkas, “ Orthohycirogen, Para- 
hydrogen and Heavy Hydrogen,” Cambridge 
University Press, 1935, p. 89). 

0-H2-1-2C (solid) ->2CH (surface) 

->2C (sohd) -fp-Hg 

The overall reaction rate is controlled in this 
case by the sorption and desorption velocities. 
The same mechanism has been proposed for 
exchange reactions between hydrogen and 
deuterium. An alternative suggestion, how- 
ever, is that the ortho-para hydrogen con- 
version occurs by exchange between gaseous 
molecules or molecules sorbed by Van der 
Waals forces and the chemisorbed layer : 

□a-f H-S -^-HD+D-S 


where S denotes an atom of the surface. 

Desorption of nitrogen is probably rate- 
controlling in the decomposition of NHg by 
iron (Taylor and Jungers, J. Amer. Chem. 
Soc. 1935, 57, 660) ; and chemisorption of 
nitrogen by iron may be the slowest process in 
the technically important synthesis of ammonia 
using iron catalysts. Hinshelwood (“ Kinetics 
of Chemical Change,” Oxford University Press, 
1940, p. 207) then gives as a general reaction 
equation ; 


Rate=A;20[B] 


l^iLAJ-bX-aCB] 


( 1 ) 


where A is the reactant undergoing slow adsorp- 
tion (Ng) with a velocity constant A is 
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removed by reaction -with B (Hg), the velocity 
constant for this process being k^. Q denotes the 
fraction of the total available surface covered by 
A. If, as in ammonia synthesis, rate 

.equation reduces to 

Rate=A:j[A] (2) 

Chemical Reaction aa a Rale-Determining Step. 
— The number of adsorbed atoms or molecules 
of reactants and resultants controls the reaction 
rate and thus quantitative aspects of adsorption 
equilibrium must be reviewed. 


Langmuir (J. Amer. Chem. Soc. 1916, 38, 
2268) deduced a simple isotherm for an immobile 
monolayer by equating the velocities of adsorn- 
tion and desorption at equHibrium : 


Velocity of adsorption =^j^(l— 5 ) , . 

Velocity of desorption =^;20 (4) 


whence 


ap 


l-f-ap 


(5) 


k. 


where k^ are constants, and a= ^ • and where 


Table I. — ^Unevioleculab, Peooesses. 


No. 

Conditions. 

Hate equation. 

Examples. 

1 . 

Single reactant weakly 
adsorbed. 

-^^kB^kap 

NoO on gold.^. 

H 1 on Pt .2 

P H 3 on porcelain ® and glass 

HgSe on Se.® 

AsHg on glass.® 

H-COgH vapour on glass, Pt, Rh, 
TiOg.’ 

2. 

Single reactant mod- 
erately adsorbed. 

dt l-hap 

^ kp^ 

(n denotes an exponent less 
than one.) 

SbHg on Sb.®- » 

3. 

Single reactant strongly 
adsorbed. 


H 1 on gold.^® 

NH 3 on W (at moderate or low 
temperatures).^^ 

NHg on Mo and Os.^^ 

4, 

Single reactant weakly 
adsorbed, resultant 
moderately adsorbed. 

dx kapi 

dt ‘ l+bpg 

NgO on Pt (retarded by Og).^® 

5. 

Single reactant weakly 
adsorbed, resultant 
strongly adsorbed. 

dt op2 

NHg on Pt wire at l,000fo.^* 
(retarded by Hg). 

6 . 

Reactant and resultant 
both strongly ad- 
sorbed. 

dx kapi 

dt api+bpz 

Dehydrogenation of alcohol in 
presence of HgO, CHg-CO’CHg 
or benzene, as increasingly 
effective poisons.^® 

7. 

Single reactant weakly 
adsorbed, two resul- 
tants strongly ad- 
sorbed. 

dx kapi 

dt “ bpz-fapa 

NHg on Pt in pressure range 
0 - 0-1 mm, 

(Retardation by Ng and Hg).^ 


^ Hinshelwood and Prichard, Proc. Eoy. Soc. 1925, A, 108, 211. 

2 Hinshelwood and Burk, J.C.S. 1925, 127, 2896. 

^ Trautz and Bhandarkar, Z. anorg. Chem. 1919, 106, 95. 

Himshelwood and Topley, J.C.S. 1924, 125, 393. 

® Bodenstcin, Z. physikal. Chem. 1809, 29, 429. 

® Van’t Hoff, " Etudes de dynamigue chimique,” Amsterdam, 1884, p. 83. 

’ Hinshelwood and Topley, J.C.S. 1923, 123, 1014. 

8 Hinshelwood, op. cit. p. 191. , 

“ Stockana liodemtein, Ber. 1907,40, 570; Stock, Gomolka and Heynemann, ibid., p. 532, 

Hinshelwood and Prichard, J C.S. 1925, 127, 1552. 

“ Hinshelwood and Burk, J.C.S. 1925, 127, 1105. ' omr, t „a-Riirk 

Burk,Proc.2s'at,Acad.Sci. 1927,13, 67; Kunsman, J. Amer. Chem. Soc. 1928, 50, 2100 ; Arnold and Bura, 
.T. Amer. Chem. Soc. 1932, 54, 23. 

Hinshelwood and Prichard, J.C.S., 1925, 127, 327. m ..on t, q 

Hiiwhclwood and Burk, J.C.S. 1925, 127, 1114; Schwab and Schmidt, Z. physikal Cliem. 1929, B, 3, 

J® Constable, Proc. Camb. Phil. Soc. 1926, 23, 176, 593. 

Schwab and Setmudt, Z, physikal. Chem. 1929, B, 3, 337. 
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No. 

Conditions. 

Bate equation. 

j ' 

Examples. 

1 . 

Two reactants weakly 
adsorbed. 

d'r 

=lia'Pi){bp^) 

Hj and C 2 H 4 on weakly active 

Cu.i 

C 2 H 4 and BPj on glass. ^ 

2 . 

Two reactants, one 
weakly, one mod- 
erately adsorbed. 

(apjUbjj^) 

(l-}- 6 p,) 

Water gas reaction 

Hg-bCOg -^-CO-bHjO 
at l,000°o. on Pt (retardation by 
COj).^ 

3. 

Two reactants, one 
weakly, one strongly 
adsorbed. 

bPi 

Oxidation of H 2 on Pt below 
700°c. (retardation by H 2 ).^ 
Oxidation of CO on Pt below 
700°o. (retardation by CO). 
Oxidation of CO on quartz,® H 2 
and C 2 H 4 on active Cu be- 
tween 0 ° and 20 °o.® 

4. 

Two reactants, but 
only one kinetically 
active. 

d« '■ - 

=^kpi or kp 2 

according as the pressure of 

1 or 2 is much the greater. 

Reaction of CO and Oj on Pt 
above 700°c. Surface probably 
saturated with component in 
excess. Reaction occurs when 
the other component bombards 
this surface.^ 

5. 

Two reactants one pro- 
duct strongly sorbed. 

■ - 1 - 

— 



k(api)(6p^) 



' 

cps 

~dr= 

k{api)^ 

Decomposition of NO on Pt-Rh 
(retardation by Og).'^ 



CPz 

when 1 and 2 are of the 
same kind. 


6 . 

Two reactants, one 
strongly sorbed, and 
the other moder- 
ately sorbed on re- 
maining part of the 
surface. 

HaPi) 

(i+bPa) 

^k{aPi) 

—(6p3)« 

(,i<l) 

Oxidation of SOg to SO 3 on'Pt. 
Og is strongly sorbed and SO 3 
retards the reaction.® 


' Pease, J. Amer. Chem. Soc. 1923,45, 119C ; Grass!, Nuovo Cim. 1910, [vi], 11, 147. 
^ Stewart and Edlund, J. A'mer. Cliem. Soc. 1923, 45, 1014. 

® Hinshelwood and Prichard, J.C.S. 1925, 127, 800. 

* Langmuir, Trans. Earaday Soc. 1922, 17, 021. 

“ Bodenstein and Ohlmer, Z. physlkM. Chem. 1905, 53, 100. 

^ jPCilSG Jr.C 

’ Bachrnan and G. B. Taylor, J. Physical Chem. 1929, 33, 447. 

® Bodenstein and Fink, Z. physikal. Chem. 1907, 60, 1. 


6 denotes the fraction of the whole surface 
covered by the monolayer. This simple iso- 
therm expresses well the B—p relations of many 
sorption systems (see, however, p. 2116). The 
isotherm was deduced for a homogeneous surface 
and many of the deviations from it are due to 
the presence of capillaries and cracks in the 
surface, and to the presence of other adsorbed 
impurities. The isotherm was originally deduced 
VoL. VI. — 14 


for an immobile monolayer but equations of 
similar form are obtained for mobile monolayers 
(Volmer, Z. physikal. Chem. 1925, 115, 253) 
and the adsorption isotherm may be ac- 
curately determined using statistical mechanics 
(Fowler and Guggenheim, “ Statistical Thermo- 
dynamics,” Cambridge University Press, 1939, 
pp. 426 et seq.). 

The Langmuir isotherm is thus a convenient 
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Simple e.vamples have been worked out (H. S. 
Tajdor, “ Treatise on Physiciil Chemistry,” 
Macmillan & Co., 2nd ed., 1931, Vol. II, pp. 1081 
e( seq.) and the relations between the true and 
apparent activation energies Et and Ea, resj)ec- 
tively, are summarised below. 

Surface Saturated with Reactant at Both Tem- 
peratures. — The reaction is of apparent zero 
order at both temperatures ; the surface 
population of reactant molecules does not alter 
and the heat of adsorption is not involved in 
Ea- Therefore 

Et=>Ea. 

E.g. decomposition of HI on Au (Table I, 
ref. 10) Ea—Ei=2b,QbQ g.-cal. per g.-mol. ; 
decomposition of NHg on W (Table I, ref. 11) 
.®a=^J=l:2,000 g.-cal. per g.-mol. 

Process Unimolecular and Reactant WeaUy 
Adsorbed. — ^The surface population decreases 
with increasing temperature if sorption occurs 
exothermically and Ea—Et+AH^. Here 
denotes the heat of adsorption and folloudng 
thermodynamic convention is to be given a 
negative sign for an exothermal sorption. If 
AH-^ is appreciable, Ed may be small. E.g. 
decomposition of H I on Pt wire (Table I, ref. 2) 
jS?, 1=14,000 g.-cal. per g.-mol. 

Process Unimolecular, Reactant Weakly Ad- 
sorbed and Resultant Strongly Adsorbed. — In tliis 
case Ea—Et+AHy—AH^ where the subscript 1 
refers to reactant and 2 to resultant. When the 
resultant is strongly adsorbed, A II 2 is large and 
therefore Ea may become very great. E.g. 
decomposition of NHg on Pt (Table I, ref. 14) 
A^a::i;140,000 g.-cal. per g.-mol. The reaction is 
inhibited by hydrogen and AU 2 for the adsorp- 
tion of hydrogen on platinum may be as large 
as —100,000 g.-cal. per g.-mol. 

Bimolecular Process tvith Two Reactants 
Weakly Adsorbed. — ^Then Ea—Ei->rAH-^+AH 2 
where the subscripts refer now to the two re- 

Cu 

actants. E.g. CoH^-l-Hg — ^-CgHg (Table II, 
ref. 1). The copper must be M'eakly active and 
the temperature above 200°C. Then Ea — 10,000 
g.-cal. per g.-mol. 

Bimolecular Process, One Reactant Weakly and 
one Strongly Adsorbed. — The relation now is 
Ea=Et-\-AH-y—AH 2 Avhere the subscript 2 
refers to the strongly adsorbed reactant, 
Cu 

e.g. CgH^-f Hg — ^CgHg (Table II, ref. 6). The 
reaction is now confined to low temperatures on 
active copper. Since Ea, AH.y and AH 2 under 
these conditions are 10,000, —11,000 and 
—16,000 g.-cal. per g.-mol/ respectively, Et must 
be ~5,000 g.-cal. per g.-mol. 

(iv) In homogeneity of surfaces. — ^Inhomo- 
geneity of surfaces may show itself in several 
ways. Thus it may modify the adsorption 
isotherms until the Langmuir treatment of 
adsorption no longer applies and the heat of 
sorption varies with 0, the fraction of the surface 
covered (e.g. Barrer, Proc. Roy. Soc. 1937, A, 
161, 476 ; Garner and Kingman, Trans. Faraday 
Soc. 1931, 27, 322). The true activation energy 
may also vary with 6 (Barrer, Proc. Roy. Soc. 
1936, A, 149, 253; J.C.S. 1936, 1256) and. 


furthermore, there may be areas of the surface 
upon which one reaction occurs and other areas 
where a second reaction takes place, both re- 
actions involving the same reactants (Taylor, 
Proc. Roy. Soc. 1925, A, 108, 105 ; Hinshelwood, 
op. cit. p. 225). 

This last phenomenon ' may be considered 
further. Frequently the effect of a surface in 
promoting a reaction is destroyed by minute 
traces of some ijoison (cf. Table VIII). The 
active fraction of a surface may thus be very 
small. Moreover, catatysts may be poisoned with 
respect to one reaction while remaining active in 
promoting others. Carbon disulphide in suit- 
able amount inhibits the hydrogenation of 
CgHg-CO-CHg but does not prevent reduction 
of cyclohexene, piperonal and nitrobenzene, aU 
on the surface of platinum black (Vavon and 
Husson, Compt. rend. 1922, 175, 277).* Perhaps 
these results are to be explained in terms of 
selective sorption in which the affinity for the 
platinum increases in the order : 

Cg Hg'C O • C H 3 < C Sg <piperonal, cyclohexene or 

nitrobenzene. 

Other examples of this behaviour have been 
instanced b}' Hinshelwood (op. cit. p. 227) and 
by Yoshikawa (Bull. Inst. Ph 3 's. Cliem. Res. 
Japan, 1934, 13, 1042). 

Another view, the adlineation theory of active 
centres, is due to Schwab and Pietsch (Z. 
physikal. Chem. 1928, B, 1, 385 ; ibid. 1929, B, 2, 
262; Z. Elektrochem, 1929, 35, 573; Schwab, 
“ Dio Katalyse, vom Standpunlct der chemis- 
chen Kinetik,” J. Springer, Berlin, 1931) ; ac- 
cording to this theory the centres are crystal 
grain' boundaries. Reaction would then occur 
primarily along a network of lines intersecting 
the surface of any natural crystal and following 
the grain boundaries. 

Considerable evidence has been accumulated 
by Maxted and co-workers (Maxted and Lewis, 
J.C.S. 1933, 502 ; Maxted and Stone, ibid. 1934, 
26, 672; Maxted and Moon, ibid. 1935, 393, 
1190; 1936, 635) which appears to contradict 
the concept of active centres. These data 
indicate the catalyst surface to be energetically 
homogeneous for certain reactions, such as the 
decomposition of HgOg by platinum. 

The inliomogeneity of surfaces leads to Idnetic 
consequences of interest. Some reactions have 
to be interpreted as though there were a multiple 
adsorbing surface on different zones of which 
the reactants are independently 'adsorbed. The 
kinetics in Table III have been analysed from 
this standpoint, although certain of the mechan- 
isms are open to alternative interpretations 
(e.g. No. 2, Table III, and No. 4, Table II). 
On the present view, in order to have a reaction, 
the independent adsorbing sites must be mixed 
up among one another so that the reactants are 
in juxtaposition, or else surface diffusion must 
be possible with reaction at the .boundaries of 
the two-dimensional phases. 

(v) Comparison between Homogeneous 
and Heterogeneous Reactions. — Certain re- 
actions occur by both homogeneous and hetero- 
geneous mechanisms. Instances where the true 
energies of activation have been determined for 
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Table III. — ^Two Surfaces — ^Bimolecular Reactions. 


Xo. 

Conditions. 

Sorption 

isotherms. 

Kinetics. 

E.vamples. 

1. 

Reactant 1 weakly, re- 
actant 2 moderately 
adsorbed, each inde- 
pendently of the 
other. 

dj=ap^ on 
surface I. 

e - 

^ l+bp2 
on surface 2. 

dx , „ „ 

-^=7.-0i02 

__Hapf){bpf) 

l+bp^ 

Oxidation of CO oh quartz. 
Oxj'geh is weakly ad- 
sorbed.i 

2. 

Reactant 1 wealdy, re- 
actant 2 strong^ ad- 
sorbed, each inde- 
pendently of the 
other. 

Q^=ap^ on 
surface 1. 
02=1 on 
surface 2. 

dx , „ „ 

=h{api) 

Oxidation of CO on porce- 
lain, Au, Ni, Cu, NiO, 
CuO.2 

3. 

Reactants 1 and 2 
strongty and inde- 
pendently adsorbed. 

0j = l on 
surface 1. 
02=1 on 
surface 2. 

dx , „ „ 

=!• 

H 2 'l-C 2 Hj=C 2 Hg on 

Ca-fCaHj.^ 

4. 

Reactants 1 and 2 
moderately and in- 
dependently' ad- 

sorbed. 

0 - 

h{,apf){bpf) 

H 2 +C 02 =C 0 -f HjO on 
W,4 

Hg-fNgO^Na-f H 2 O on 

Au.s 


^ l+ap^ 
on surface 1. 


0 

{l+apf)(l+bpf) 

/ 


l+bp2 

on surface 2. 

— Kapfl'^ibpftn 

where n, m<l. 

2 H 2 -f 02 = 2 H 20 on 

porcelain.® 


J Benton and "Williams, J. Physical Chem. 1920, 30, 1487. 

^ Bone and Andrew, Proc. Boy. Soc. 1925, A, 109, 459 ; ibid. 1926, A, 110, 1C : Bone and Porshaw, Proc. 
Boy. Soc. 1927, A, 114, 109. ..... 

Pease and Stewart, .T. Amer. Chem. Soc. 1925, 47, 2763. 

^ Hinshelwood and Prichard, J.C.S. 1925, 127, 1546. 
s Hinshelwood and Hutchinson, J.C.S. 1926, 129, 1556. 

« Bodenstein, Z, physikal. Chem. 1899, 29, 665. 


both mechanisms are given in Table IV. These 
data show that the homogeneous process takes 


Table IV. — Comparison of Energies of Acti- 
yATioN FOR Homogeneous and Hetero- 
geneous Reactions.^ 


Thermal 

decom- 

position 

of 

i Approximate activa- 
tion energy for 
heterogeneous reaction 
(g.-cal./g.-rnol.). 

Activation 
energy for . 
homogeneous 
reaction 
(g.-cai./g.-raoL). 

HI . . . 

25.000 on Au 2 

14.000 on Pt 3 

44,000 

NjO . . 

29,000 on Au 

32,500 on Pt s 

58,500 

NH3 . . 

1 

42,010 on W 0 

32.000 to 42,000 on Mo 

47.000 on Os 8 

>80,000 

CH^ . . 

55,000 to 60,000 on Pt » 

>80,000 

! j 


^ Glasstone, Laidler and Eyring, " Theory of Bate 
Processes," 3IcGraw-Hiil Book Co., 1941, p. 390. 

2 Hinshelwood and Prichard, J.C.S. 1925, 127, 1552. 
® Hinshelwood and Burk, J.C.S. 1925, 127, 2890. 

4 Hinshelwood and Prichard, Proc. Boy, Soc. 1925, 
A,.108, 211. ■ 

" Hinshelwood and Prichard, J.C.S. 1925, 127, 327. 
_ Barrer, Trans. Paraday Soc. 1936, 32, 490. 

' Kunsman, J. Aracr. Chem. Soc. 1928, 50, 2100. 

® Arnold and Burk, J. Amer. Chem. Soc. 1932, 54, 23. 
® Schwab and Pietseh,Z. physikal. Chem, 1926,121, 


place with the larger activation energy. The 
function of the solid has been to replace the 
homogeneous mechanism, in which activation 
energy is accumulated by a collision process, by 
an alternative reaction path involving a much 
smaller activation energy. This is the typed 
property of a catalyst. The relationships may he 
summarised in the potential energy diagfam ot 

Fig. 2. . . 

By using the transition-state method it is 
possible to determine the relative velocities of a 
heterogeneous reaction and the same homo- 
geneous reaction under othemdse identical con- 
ditions (Glasstone, Laidler and Eyring, op. cit., 
p. 389). Then 

No. of molecules reacted h eterogeneousl}’ ^ 

No. of molecules reacted homogeneously 

4 ? 

per unit time per cm.^ ^ 
per unit time per c.c. 

where AE=E-bom~E-bet. in g.-cal. per g.-mol. 
transformed. Thus for the reactions to be 
comparable in velocity it would be ne^^ary to 

have a surface of 10^^ cm.^ or else e^T 
have to be 10^^, i.e. .&hom.>Fhet. At 500 S- 
with a surface of 1 cm.^ and a volume of 1 c.c. 
/SE would need to be 27,000 g.-cal. per g.-mol. 
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Fig. 2. — Diagbajisiatio Cojipahison of Energy Relations of the same Reaction 
OCCUBEING BY HOJIOGENEOUS AND HeTEROGENEODS jMeCHANISMS. 


to obtain equality in rates. Such values of AE 
are similar to (Ehom.— Ehct.) in Table IV. 

(vi) The Absolute .Velocity of Hetero- 
geneous Reactions. — ^The calculation of ab- 
solute reaction velocities is essentially similar for 
heterogeneous and homogeneous reactions. For 
a unimolecular surface reaction, one may write : 

R-fS ^ (R— S)* Products 

where R denotes the reactant and S the site on 
which it is adsorbed. The star denotes that the 
reactant has received the activation energy 
needed for reaction (i.e. it is in the activated or 
transition state). The expression for the 
reaction velocity according to the calculations 
of Eyring (J. Chem. Physics, 1935, 3, 107), Evans 
and Polanyi (Trans. Faraday Soc. 1935, 31, 
875) and others (Glasstone, Laidler and Eyring, 
op. ciL, Chapters I and IV) is 

i^rp f* 

Rate =^ GgOs ^ ^e Hr ... (9) 
n Mgjs 

where Cg=the concentration of reactant mole- 
cules in the gas phase. 

Cg—the number of sites available for ad- 
sorption per unit area. 
k =the Boltzmann constant. 
h =Planek’s constant. 

/* =the partition function of the transi- 
tion state complex, excluding the 
partition function for the co- 
ordinate in which decomposition 
occurs. 


fs =the partition function of the adsorp- 
tion sites. 

F^=the partition fimction for unit 
volume of the gas. 

E =the energy required to produce the 
activated state. 

The partition fimctions can be evaluated for 
certain simple systems, and since E, Cg and Cg 
may be measured, the reaction rates may be 
calculated. Table V compares some observed 
and calculated reaction velocities. The pro- 
cedure has equal success in calculating the 
velocity of oxidation of nitric oxide on glass, a 
bimolecular reaction. 


Table V. — Observed and Cai.culated 
Velocity Constants of Unxjioleciilae 
Surface Reactions.^ 


Decom- 

position 

of 

Surface. 

T°K. 

Specific reaction rate 
(sec.“^). 

PHj . • . 

Glass 

684 

Calc. 

2 2x10-® 

Obs. 

4-7x10-’ 

HI . . 

Pc 

830 

1-2x10-3 

1 0 X 10-3 

NjjO , . 

Au 

1 

1,211 

3-4 X lO-i' 

1 

12-3X10-S 


^ From data of Glasstone, I/aidler and Eyring, op. 
cit., TaLle XLI. • 


(vii) Heterogeneous Reactions involving 
Isotopic Molecules. — ^When the heavy hydro- 
gen isotope was obtained in chemically useful 
quantities by progressive electrolysis of acidu- 
lated water (Washburn and Urey, Proc. Nat. 
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Acad. Sci. 1932, 18, 496 ; Lewis and MacDonald, 
J. Chem. Physics, 1933, 1, 341) the attention of 
chemists was directed to reactions involving 
isotopes and isotopic molecules. It then became 
apparent that isotopes do not behave identically 
in chemical reactions (Table XII). The differ- 
ences are greater the more the mass ratio differs 
from unity, and is most marked with the isotopes 
of hydrogen. Some approximate mass ratios 
are : 


?= 2 . 00 ; 


13C 

12Q 


18 O 

= 1-08 ; 


= 1-125; 


'Li 


15N 
14 N 


6Li 


=1-07. 


.=1-17; 


As the atomic weight rises the isotopic mass 
ratio approaches unity. This means that the 
chemical differences between ^nd 

for instance, will be too small to be detected. 

Three factors contribute to differences in 
heterogeneous reaction velocity in isotopic 
systems : 

(i) Differences in gas kinetic velocities, lead- 
ing to different rates of bombardment of a sur- 
face, and contributing to differences in adsorp- 
tion equilibrium. 


(ii) Differences in zero-point energy. The 
lighter isotopic molecule has the higher zero- 
point energy, and is assisted in gaining the 
necessary activation energy by the amount of 
this energy. Therefore, other things being 
equal, the light isotopic molecule reacts more 
quickly than the heavy isotopic molecule k.q. 
Hg and Dg). 

(iii) The tunnel effect. Quantum mechanics 
predicts that an atom may under certain con- 
ditions pass over an energy barrier from an 
initial to a final chemical configuration without 
acquiring the necessary activation energy. Light 
and heavy hydrogen are the only isotopes of 
mass small enough for this effect to be detected, 
but the phenomenon has not yet been observed 
in any heterogeneous or homogeneous isotopic 
reactions. 

In Table VI are collected some differences in 
apparent energy of activation for heterogeneous 
reactions. The light isotopic molecule always 
reacts more rapidly, as the theory would predict. 
Moreover, the observed values of AE are of the 
magnitudes calculated (Eyring and Sherman, 
J. Chem. Physics, 1933, 1, 345). On p. 21.9d are 
considered some other processes involving 
isotopes. 


Table VI. — ^DrFFEREXOBS rsr Apparent Eneegv op Activation for Heterooeneous 
Reactions ^ Involving Isotopic Molecitles. 


Beaction. 

E (apparent) 
g.-cal. perg.-mol. 

_AE 

AE from ^=e 
l-U 

in g.-cal. per g.-mol. 

H 2 -r 2 CeoiM -S- 2 CH surface 

15,700 

700 2 

D 2 -l- 2 C 6 oiid ->2CD surface 

2 NH 3 -^ Ng-fSHg 

42,400 

800, 790 3 

2 ND 3 ^ N2-f3D2 


890, 900 

2PH3^2P+3H2 

32,200 

510, 550 3 

2 PD 3 2P-f3D2 

12H20-bAl4C3^4AI(0H)3-b3CH4 

14,200 

750^ 

12 D 20 -f AI 4 C 3 ->4A1(0D)3-|-3CD4 
CH 44 - 3 CgoHd -^4CH surface 

>26,700 

0 

0 

00 

CD 4 -f 3 C 6 oiid ^4CD surface 

H 2 +CUO -^Cu + HaO 


to 

0 

0 

D 2 -rCuO — ACU-i-DgO 

Hydrogenation of stywol (Pd-BaSO^ catalyst) 


540 6 

H,-D 2 -f O 2 - 1 ^ H 2 O-D 2 O 


0 

H„-D24-N20 ilil H 20 -D 20 -i-N 2 


720 ' , 

H 2 -D 2 +C 2 H 4 C 2 H 6 -C 2 H 4 D 2 


0 

0 


' Data from Barrel, “ Diffusion in and through Solids,” Cambridge Dniversify Press, 1941, p. 183. 
- Barrer, Trans. Faraday Soc., 1930, 32, 482, 

® Barrer, ibid., p. 490. 

Barrer, ibid., p. 480. 

^ Melv-iUe and Bideai, Proc. Boy. Soc, 1930, A, 163, 89. 

® Cromer and Polanyi, Z. physikal. Chem. 1932, B, 19, 443. 

" MelviUe, J.C.S. 1934, 1243. 


(viii) Activated Adsorption' and Chemi- 
sorption as Heterogeneous Reactions, — 
VTien oxy-gen is sorbed by charcoal at moderate 
temperatures, the process is chemical and the 
oxygen cannot be recovered by evacuation and 
furthm- heating, only oxides of carbon being 


evolved. The process is an e.xample of irrev^- 
sible chemisorption. In other cases, however, t c 
sorbed gas may be recovered at a higher tempera- 
ture and under vacuum, v-et the sorption 
slowly and is chemical in nature (e.y. H, hr 
charcoal, graphite and diamond, at high tem- 
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peratures (Barrer, Proc. Roy. Soc. 1935, A, 1^9, 
231 ; Trans. Faraday Soc. 193G, 32 , 482 ; J.C.S. 
1936, 1256)). For chemical adsorption, occurring 
reversibly and requiring an activation cnergj', 
the term activated adsorption has been proposed 
(Ta 3 dor, J. Amer. Chem. Soc. 1931, 53 , 578; 
Barrer, op. cit., p. 232). 

The combustion of carbon has been studied 
extensively' (reviewed by iilaj'crs, Chem. Rev. 
1934, 14 , 31 ; also Faraday' Society Discussion 
on “ Chemical Reactions involving Solids,” 
Part lie, Trans. Faraday Soc. 1938, 34 , 1011); 
in furnace beds (Tu, Davis and Hottel, Ind. 
Eng. Chem. 1934, 26 , 749) ; under low pressure 
conditions ivith small quantities of charcoal 
(Cassel, J. Amer. Chem. Soc. 1936, 58, 1309), 
graphite or diamond (Barrer, J.C.S. 1936, 
1261) ; and using graphite filaments (Langmuir, 
J. Amer. Chem. Soc. 1915, 37 , 1154; Mey'er, 
Z. physikal. Chem. 1932, B, 17 , 385). The 
Idnetics have been observed under these various 
conditions with static and flowing gas atmo- 
spheres. Combustion may be governed at low 
temperatures by irreversible desorption rates 
of a chemically' -held layer of oxygen. At 
high temperatures the rate of chemical reaction 
between oxygen and carbon can be the deciding 
factor, and at the most elevated temperatures, or 
in furnace beds at lower temperatures, the rate 
of inter-diffusion of gaseous reactants and result- 
ants is the slowest process. 

Activated adsorption lias been studied in a 
number of instances. The chemical uptake of 
hydrogen by the various forms of carbon must be 
regarded as the first step in hy'drogenation. To 
induce further reaction, however, catalysts and 
high pressures are necessary. Among the first 
activated adsorptions to be studied were re- 
actions involving oxides (CCjOj, ZnO — CPjOg) 
(Tay'lor, J. Amer. Chem. Soc. 1931, 53 , 578), 
but it is not certain to what extent these are 
reversible and therefore how far they are iiTC- 
versible chemisorptions and how far activated 
adsorptions. To this class belong the following 
systems : 


in systematising the Idnetics of gas-solid re- 
actions. There is the additional complication 
that a solvent medium is usually present, and 
that reactants and resultants compete for the 
surface with solvent molecules, and with other 
solutes. These may substantially' modify the 
surface populations of the reactants. Moreover, 
diffusion in liquid media is much slower than 
in gases and therefore reaction kinetics in such 
sy'stems are more often those of diffusion than 
in gas-solid reactions. 

(i) Diffusion as a Rate-controlling Pro- 
cess. — D onto any' concentration gradient the 
rate of diffusion may' be defined by 

■ ^=-4 


where P denotes the quantity of solute diffused 
per unit time, D is the diffusion constant, and 

^ is the concentration gradient. The diffusion 

constant may bo related to the mobility B 
(defined as the steady velocity of the particle 
moving through the solution rmder unit force) 
by the relation 




( 11 ) 


The value of B for spherical particles large com- 
pared with the molecules of solvent is given by 


P= 


GTTTjr 


( 12 ) 


where r denotes the particle radius and rj the 
viscosity of the medium. The law is not neces- 
sarily valid when the dimensions of solute and 
solvent molecules are similar, although it is 
frequently applied to such solutions. If it is 
assumed that the liquid solvent behaves as 
though it were quasi-crystaUine ^ the diffusion 
constant may be evaluated by methods used for 
diffusion in solids (summarised by Barrer, op, 
cit.. Table 76) and is given by 


Ho-Do-CrgOg 1 
Hg-ZnO-CrgOg 2 

02-CuCr204,-ZnCr204,-CoCr204,-NiCr„04, 

and -BeCr„C )4 ^ 

Hj-MoOg-SiOg^ 

I 

B. Reactioks Involving the Solid- 
Liquid Inteefaoe. 

The solid-liquid interface is the seat of 
numerous technical reactions. The velocity of 
these reactions may be governed by the chemical 
processes at the interface, but equally often by' 
diffusion of reactants or resultants to and from 
the interface. If chemical processes are slower, 
the reaction velocity is governed by' considera- 
tions of the same kind as given on pp. 208, 209, 

^ Taylor and Diamond, J. Amer. Chem. Soc. 1934, 
56, 1821 ; Kohlschiitter, Z. physikal. Chem. 1934, 
170, 300. . ' 

2 Dace and Taylor, J. Chem. Physics, 1934, 2, 578. 
Frazer and Heard, J. Physical Chem. 1938, 42, 
855» ' '■ 

* Griffith and Hill, Proc. Roy. Soc., 1935, A, 148, 
195 ; Hollings, Griffith and Bruce, ibid., p. 186. 



where v is the vibration frequency of the solute 
atom in one quasi-equilibrium position, E is the 
energy of activation needed for it to jump to 
another such position distant d from it, and / 
denotes the number of degrees of freedom among 
which the activation energy may' be distributed. 

' Noyes and Whitney (Z. physikal. Chem. 1897, 
23, 689) first used diffusion theory to interpret 
their experimental work npon the solution rates 
of benzoic acid and lead chloride. Cy'linders of 
these solids were rotated in water and 'the con- 
centration of solute was determined as a fun'etion 
of time. They assumed that the water just in 
contact with the solid was saturated with solute, 
and that the concentration diminished linearly 
over a small distance 8 until it was substantially 
the concentration in the bulk of the stirred 

1 There is considerable evidence in favour of this 
view, especially for associated liquids near their freezing 
points. 
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process and with chemical temperature co- 
eSicients (Centnerszwer, Z. physikal. Chem. 1929, 
141, 297). Eormic acid solutions decompose at 
the surface of rhodium with a temperature 
coefficient of 2 (Blackadder, Z. physikal. Chem. 
1912, 81, 385) and also palladium sponge decom- 
poses aqueous NaoHPOo with the typical 
chemical temperature cocflicient of 2 per 10°o. 
rise at room temperature (Sieverts and Peters, 
Z. physikal. Chem. 191G. 91, 199). 

To interpret the kinetics one may employ the 
Langmuir isotherm as indicated on p. 208a and 
p. 208c. " 

X kac 
m 1-fac 

•K 

where — denotes the amount of a solute adsorbed 

7)1 


per unit mass of catalyst, Ic and a are constants 
jiiid c is the bulk phase concentration of solute. 
If there is competition for the surface by two 
molecular species one maj’’ write for each (c/. 
p. 210a) 

rcj fcjaCj 

m l-facj^+icg 

771 l+acy^bc^ 

The interpretation of reaction kinetics is not as 
complete as at the gas-solid interface (Tables 1, 
II and III), but typical kinetics are summarised 
in Table VII. It is possible to offer alternative 
suggestions such as No. 2, Table III, and No. 4, 
Table II, to explain why x^ is independent of aq 
in No. 6, Table VII. Reactions at the liquid- 


Txxmv. VII.— Rn^GTioN ICinetics kx the Liquid-vScwd Interitaoe. 


No. 

Conditions. 

Hate equation. 

Examples. 

1. 

Single reactant weakly 
adsorbed. 

1 . 

—kc 

{x denotes amount adsorbed, 

0 denotes concentration of 
reactant in solution). 

Hydrolysis of lactose and su- 
crose by enz 5 nncs at small 
sugar concentrations.^ 
Decomposition of HgOg on 
colloidal metals.® 
Decomposition of HjOj by 
hmmase.® 

2. 

Single reactant strongly 
adsorbed. 

=!• 

. (surface saturated). 

H 5 ’’drolysi 8 of sugars by enzymes 
at high sugar concentrations.^ 
Decomposition of HjOj by 
some colloidal or finely divided 
oxides in alkaline media.® 

3. 

Single reactant mod- 
■ cratcly adsorbed. 

---Fa: 

kac 

l-pac 

a:c« 

(n < 1) 

Decomposition of formic acid 
solutions on Rh.* 

4. 

Two reactants, one 


Ti+++-t- H + ^ Ti !-•' cat- 


strongly adsorbed, the 
reaction governed by 
diffusion of the other. 

=JcCi 

(since surface saturated with 
component 2). 

alysed by Pt black in both 
directions (Hg strongly ad- 
sorbed).® 

Catalytic hydrogenations of 
many compounds containing 
cthylenic double bonds (liquid 
organic molecule strongly ad- 
sorbed).® 

5. 

Two reactants, one mod- 
erately adsorbed, the 
other present in great 
excess. 

do ,, 

-_=A: jcia:,. 

kaci 

if Xz does not alter during 
the course of reaction, i.e. 
Cj substantially constant. 

NaHgPOg+HgO 

-^NaHgPOg-fHg’ 

(palladium black as catalyst). 


“ B^dlg and Von®B?mebk,°Z. ihytlUal. C°hein. 189!), 31, 258 ; Bredig and Ikeda, ibid. 190), 37, 1. 

“ Sentcr, ibid. 1905, 51, 073. 

^ Blackadder, 1912, 81, 385. 

0 Soe. 1910,^,95, 137 1Q20, A, 98, 27 1921, A, 100,240. 

’ Sieverts and Beters, Z. physikal. Chem. 1010, 91, 199. 
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solid interface are susceptible to poisons in the 
same -way as those at the gas-solid interface. 
Eor instance, the catalytic hydrogenation of 
hydrocyanic acid to methylamine at the surface 
of platinised platinum is almost inhibited by 
excess of cyanide ion (Barrer, Thesis, University 
of New Zealand, 1931). Again, the decom- 
position of hydrogen peroxide is strongly 
poisoned by minimal quantities of several re- 
agents (Table VIII). 

Table VIII. — Poisokeng of HjOg 
Decojiposition. 1 


Eeaction on ; 

Poison used. 

Quantity of 
poison to reduce 
rate to half the 
unpoisoned rate. 

Colloidal Ptsols con- 

HCN 

5x10-% 

taining 10"® g.- 

ICN 

7X10-% 

atoms of Pt per 

U 

7X10-S- 

litre. 

HgCI^ 

2-5 X 10-%- 

Blood catalase . 

HCN 

lx 10-%- 


h 

2x10-®n 


H^S 

lx 10-% 


HgCIa 

5xl0-% 


• Cf. W, C. McC. Lewis, " A System of Physical 
Chemistrj',” Longmans, Green & Co,, 1925, Vol. I, 
p. 455. 

The poisoning action is often to be explained, 
just as in gas-solid reactions, by a strong pre 
ferential adsorption of the poison at the catalytic 
surface. That powerful adsorption of hydro 
cyanic acid ocemrs on platinum is further 
indicated by the observation that its catalytic 
reduction to methylamine is of apparent zero 
order "with respect to HCN, i.e. the catalytic 
surface is maintained saturated with HCN. 

(hi) Base- Exchange Reactions. — An im- 
portant series of liquid-solid reactions involves 
base exchange. Base exchangers include syn- 
thetic gel zeolites, natural zeolites, clays, green- 
sand, organic substances such as humic acids, 
proteins, wood and coal products and basic and 
acidic synthetic resins. For some purpose 


forms stable to acids and alkalis, resistant to 
heat, of high base exchange capacity, and 
rapid in action (R. Myers, Eastes, and 
F. Myers, Ind. Eng. Chem. 1941, 33, 697). 
Processes involving base-exchangers include 
water-softening, total demineralising of water, 
purification of sugar juices, and the recovery of 
small amounts of valuable solutes, from electro- 
plating wastes, of alkaloids and amino acids, 
or of cuprammonium from rayon -spinning waste 
liquors. Exchangers have also been used in 
analysis, separation of isotopes (see Table XIH), 
as solid buffers' for pn control in the fermenta- 
tion industries, and in the preparation of 
NaNOg from CalNOgjg and sea-v/ater. Many 
neiv applications will follow further technical 
development of the subject. (For a brief sum- 
maiy, see Walton, J. Franklin Inst. 1941, 832, 
305.) 


In technology the exchange process is usually 
carried out in flow systems. The solution con- 
taining reactants enters one end of a column of 
exchanger and flows out at the other, depleted 
of reactants. When exhausted the exchanger 
is regenerated by reversing the roles of the 
cations involved in the first stage. It is un- 
fortunate that the kinetic studies on these 
processes are at best semi- quantitative. Re- 
action may be confined to the surface layer, or 
diffusion into the gel or crystal may cause the 
exchanging cation to displace entirely the cation 
initially in the solid. The kinetics are then 
governed by diffusion within the solid and the 
equation 

Amount of exchange=7;Vt 

would apply to a first approximation. It is 
improbable that complete base-exchange occurs 
in many systems unless a far longer period is 
allowed for equilibrium to be established than is 
economically expedient. For most purposes, 
however, reaction on exchangers of practical 
importance is soon negb'gibly slow and it is then 
observed empirically that after a sufficient 

where 

2/ solid solntlon 

k and the exponent p are constants and 
Cj and Cg concentrations of the ex- 

changing species in both solid and liquid 
phases. The law of mass action would predict 
for simple equilibrium that p—l. Table IX, 
which gives values of k and p for a few typical 
systems, shows that p usually differs con- 
siderably from unity. One- explanation may he 
that true equilibrium is not normally established. 

Further qualitative observations have been 
made on crystalline minerals. Those showing 

Table IX. — Constants in the Equation 


time I has elapsed, ( =kf~^ 

xCny solid \^2'^ 


C 


^ 2 / 


eolation 


The subscript 2 refers to the cation originally in 
the zeolite and 1 to the added ion. 


Eeaction system (X denotes 
the zeolite substrate). 

P- 


Concentra- 
tion of 
added ion 

N H4X (fusion pro- 
duct)-f N . 

0-67 

0-35 



NH4X (fusion pro- 
duct)-}- K"^ . 

0-72 

1-0 

— 

Li-bentonite-}- NH4+ . 

0-80 

1-25 



K-bentonite-f N H4+ . 

1-1 . 

0-5 



NaX (gel product) 
-fCa++ .... 

0-63 

0-67 

0-25n 

NaX (gel product) 
-fBa+Y .... 

O-oo 

1-78 

0-25N 

K-green sand-f Ca++ . 

0-6 

0-6 

1-OON 

Ba-casein-f Na-^ , 

0-7 

0-0045 

* — ’ 

Ca-casein-f-Ba-^ . 

0-75 

1-2 

• — ' 

Ba-casein-}-Ca+‘*' . 

0'45 1 
< 

0-6 




^ Other types of equation have also been propn-®*^ 
fSce, for example, Wiegner, ‘J.S.C.I. 1931, '50, 6aJ, 
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base-exchange can be grouped into three cate- 
gories : fibrous structures, plate-like or micaceous 
structures and tliree-dimensional networks. The 
more open the network the more rapid is the base 
exchange, whilet ho theory of diffusion requires, 
and experiment shows, that the rate of exchange 
is usually increased bj' increasing the state of 
subdivision of the particles (c/. Zoch, Chem. 
Erde, 1915, 1, 1-55). Two typical classifications 
of base exchange capacity, to some extent con- 
fused with base exchange velocity in certain cases 
(c/. Table IX), arc given in Tables X and XI. 


Table X. — Classification of ^Minerals 
AS Base-Exciianoers.^ 


Hi eh base- 
exchange. 

Moderate base- 
exchange. 

Low or 

negligible base- 
exchange. 

Montmoril- 
lonitc (6). 
BeideUite (&). 
Halloysitc (b). • 
Several zeo- 
lites ( 0 , b, c). 

Several zeo- 
lites (n, b, c). 

Micas (b). 

Chlorites (6). 

Aluminous 
amphibolcs (a). 

Aluminous 
pyroxenes (a). 

Leucite (c). 

Byrophyllitc (b). 
ICaolinitc (b). 
Noil-aluminous 
amphibolcs (a). 
Non-aluminous 
pyroxenes (a). 
Apophyllite (b). 


^ Brammall and Leech, Sci. J. Iloy. Coll. Sci. 1038, 
8, 43 ; Edeltnann, Trans. Third Internat. Couff. Soil 
Sci. 1930,3,97. 

(а) Fibrous structures. 

(б) Laminar structures. 

(c) Three-dimensional nctworlcs. 


Table XI. — Classification of JIineral 
Exchangers.’- 


Mineral. 

Volume 
per 0 
atom. 

Cation 

cxcliangc. 

Garnet (c) .. .. 

15'4cu. A. 

None 

Muscovite (b) (a mica) . 
Orthoclase (c) (a fel- 

19-2 

Slight 

spar) 

23 

Slight 

Nosean (c) .... 

23-1 

Fair 

Ultramarine (c) . 

23-1 

Very good 

Apophyllite (b) . . . 

26-8 

Fair 

Natrolite (a) . 

28-0 

Very good 

Glauconite .... 

28 

Excellent 


’ 'Walton, J. Franklin Inst. 1941, 232, 305. 

(а) Fibrous structures. 

(б) Laminar structures. 

(c) Three-dimensionaknetworks. 

Table X shows that the kind of crystal structure 
does not govern the velocity and extent of base- 
exchange, save indirectly by conditioning the 
openness of the lattice. The latter is the vital 
factor and Table XI attempts to indicate a 
measure of the openness by giving the atomic 
volume available per oxygen atom in the lattices 
of some base-exchanging minerals. The method 
gives correctly the qualitative order of ease of 
base-exchange.- Base-exchange experiments with 
crystalline minerals such as zeolites must be 
. continued for periods of days or months to reach 
completion, and approach to this state is 
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as3'mptotic. (For a survey of base exchange 
data, see Doelter, “ Handbuch der Mineral- 
chemie,” Bd. II, 1 Hiilfte, 1914,- p. 93 ; Bd. II, 
iii, 1921, jjp. 1-416.) If the solute does not 
decompose at high temperatures, the hydro - 
thermal method of digesting the zeolite at 
l00-200°c. with the salt solution in a sealed 
system causes acceleration of the reaction. (A 
summary of Lemberg’s and Thugutt’s extensive 
researches using this method is given by 
Schneiderliohn, Jahrb. Min. Beil.-Bd. 1914, 
40, 163. Base-exchange in ultramarines is dis- 
cussed bj’^ Jaeger, Trans. Faraday Soc. 1929, 25, 
320.) At still higher temperatures the zeolite 
may bo heated with a fusible or volatile salt 
(e.g. NH4CI) with further acceleration of 
reaction in some instances. (Method largely 
developed by Clarke and Steiger, in a series of 
papers from 1899-1905, e.g. Clarke, Z. anorg. 
Chom. IDOif, 46, 197.) 

C. Reactions Involving the Gas-Liquid 
Interface. 

Processes involving the gas-liquid or vapour- 
liquid interface may bo either physical or 
chemical. Physical reactions of solution and 
evolution of vajpours from liquids are funda- 
mentally important in industry, for thej' control 
rates of approach to the steady state in distil- 
i lation, or solvent extraction processes. The 
industrial still may be idealised as a column 
containing a number of perforated plates. These 
hold up a small amount of liquid continually 
washed by ascending vapours. The latter in 
their turn partly condense and run back from 
plate to plate. Eventually by this process of 
washing and condensation a steady state is 
reached -ivith volatile components predominating 
at the top of the still and the less volatile com- 
ponents at the bottom. This steady state is 
established quite slowly, and the more slowly the 
larger the total hold-up of vapour and liquid 
along the height of the column, so that a good 
still is designed to minimise this hold-up. For 
practical purposes the still with total reflux is 
converted into one with a definite forward flow, 
by withdrawing liquid or vapour slowly from 
the top of the still. The separation obtained 
depends upon the number of “ theoretical 
plates ” (see above) which the still may be said 
to contain. In theory the separation may be- 
made as complete as desired by increasing the 
number of plates, but in practice tliis will 
reduce the rate of [establishing the steady-state 
separation of components in the top and bottom 
of the column. 

Chemical reactions at the gas-liquid interface 
may be exchange processes in counter- current 
systems basically not unlike the still described 
above, or they may be changes confined 
primarilj'^ to the gas-liquid phase boundary. 
These types of chemical change will now be 
discussed. 

(i) Exchange Reactions, — Such reactions 
have become important recently in separating 
isotopic mixtures, largely in the hands of Urey 
and his co-workers (summarised by Urey, Rep. 
on Prog. Phys. 1939, 6, 48). Isotopes have 
slightly different chemical reactivities, as noted 
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on p. 213'f. Equilibria in wbicli gas and liquid 
isotopic mixtures participate give (Table NTT ) 
equilibrium constants ■uhicb differ slightly from 
unity- The separation factors have proved 
sufficient however, to separate isotopes effec- 


tively hy use of two-phase counter-current 
methods, either non-xegenerative or regenerahve 
in type. The method, with modifications, hs-i 
succeeded, or partially succeeded, in the m- 
stances given in Table XTTT. 


Table XII. — Isotopic Equilieeia.^ 


1 

1 

Equilibriam constants ; 

j Reaction. 





273-Uk. 

293-Uk. 

COO’E. 



' 1-034 

1-028 

1-003 i 

^ J-C1802^ HgiGo 

1-064 

1-054 

1-014 1 

^ 

1-024 

1-020 

1-003 i 

33C0-l12C02 = 12C0-1-13C02 

1-098 

1-086 

1-02Q 1 

p^CIg-f-HS'CI 

1-004 

1-003 

1-0001-5 1 

i'SBra-f HS7Br = ^6iBr2-TH”Br 

1-0005 

1-0004 

0-999!)T ; 



1-016 

1-015 

1-0077 j 

SLiH-T'Li ^ ’LiH-f-6Li 

1-028 

1-025 

1-003 ! 

.J 

^ Urey and Greiff, .7. Araer. Chc-m. Soc. 1935, 57 

321. 



Table XHI. 


Phases. - 

Method. 

Isotopes partially separated. 

Liquid-Solid • 

Saline solatioms were percolated 
through columns of Na zeolite. 
The procedure was that of chro- 
matographic analysis. Total re- 
flu.T was not obtained.^ 

“Li concentrated in leading sample 
of LiCI solution, ®Li concen- i 
trated in zeolite. concen- 

trated in leading sample of 
NHjCI solution. 3®K concen-, 
trated in leading sample of KCl ■ 
solution. ; 

Liquid-Liquid . 

E.xc-hange reaction proceeded be- 
tween Li amalgam and Li Cl in 
anhydrous CH,-OH. Amalgam 
dropped through column of al- 
coholic Li C 1 1 8 metres long. At 
the bottom the Li in the Li 
amalgam was converted to Li Cl 
in alcohol and fed into base of 
column. System arranged to 
give total reflux.^ 

“Li concentrated in the amalgam. 
GLi in LiCi. 

Gas-Liquid . 

Ammonium salt solution in water 
flowed do^m through a frac- 
tionating column. N Ho gas was 
liberated at the bottom by 
boiling with NaOH. and the 
NH, passed upward through 
column. System arranged to 
give total reflux.^ 

^iT^~2--5% in.stead of 0-38%. 

using (NH 4 ) 2 S 04 as ammonium 
salt. 

i5f\j concentrated in bottom oi 
column. 

Gas-Liquid ... 

; 

< 

HCN gas was fed into the bottom 
of tbe column. At the top it was 
absorbed in NaOH and the 

N aC N passed down the column. 
Total reflux obtained."’ 

Concentration of ’^C in ga-' pha=e 
at top of column. Concentration 
of ^*C in liquid phase at Ijottom 
of column. 


^ T. Taj-lor and Urev, .7. Cliem. Phj"jcs, 1038, 6, 429. 

- Xetrii and MacDonald, .7, Aincr. Chern. Soc. 1930,58, 2al0. 
® llrc-y, Iluffrnann, Thode and Fox, J. Chem. Phy?ic?, 1937, 5, 
'* Kobv-rt*;, Thode- and Crey, ,7. Chem. Physics, 1939, 7, 137 ; 
ibid., I). 133. 


83G, 

TJrey, Jlill?, Roberts 


Thode and UvSs^'-- 
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In the systems of Table XIII used for partial 
separation of nitrogen isotopes, carbon isotopes 
and lithium isotopes by total reflux, a very long 
time would bo needed for the steady-state 
separations to be established. This militates 
against large separations in reasonable times. 
However, the cascade system of Fig. 3 will 
produce a high concentration of in a rela- 
tively short interval. In the original system 
three separation units were employed. At F, 
ammonium nitrate' entered unit 1, which was 
analogous in jirinciple to the column described 
in Table XIII for the separation of and 
In this unit the isotopic abundance ratio was 



Fig. 3. — Threb-Uhit Cascade System 
FOR Separation of Nitrogen Isotopes.^ 


altered seven-fold. Six-sevenths of the flow 
was diverted from E to S, where boiling with 
NaOH served to liberate ammonia which in 
turn passed upwards through E and out at V. 
It was then converted to NH 4 N 03 and returned 
to E at F. The remaining sixth entered the 
second unit at F' where the isotopic ratio was 
altered nine-fold. About eight-ninths of the 
total solution was passed to S' where boiling 
NaOH solution liberated ammonia which was 
returned through E' and E. The remaining 
one-ninth was passed into the third unit E" 
where the abundance ratio was altered a further 

^ After Urey, Rep. on Prog. Phys. 1939, 6, 61. 


eleven-fold. All this fraction was fed into S" 
where boiling NaOH solution again liberated 
ammonia which was fed back into unit 3 and 
passed up through the whole system. Each 
unit consisted of glass columns of suitable 
heights varying from 24 in. (1st unit) to 7-5 m. 
(3rd unit) and packed with Berl saddles or 
Fenske helices, all of glass. A maximum con- 
centration of 72-8% was obtained and the 
net transport of from ordinary nitrogen to 
samples ranging from 0-57 to 70-6% ^®N was 
0-75 g. per day. (Thode, Gorham and Urey, 
J. Chem. Physics, 1938, 6, 296 ; Thode and Urey, 
ibid. 1939, 7, 34.) 

The cascade method has also succeeded in 
producing concentrations as high as 22% of 
at the rate of OT g. per day. (Urey, Rep. on 
Prog. Phys. 1939, 6, 62). The exchange reaction 
used was (c/. 'Table XIII) : 

Hi2CN(gas)-fi3CN'(aq.)^ 

Hi3CN(gas)-f-i2CN'(aq.) 

Finally, the reaction 

3«SO,(gas)-f H^ssOg'laq.) ^ 

32S02(gas)+ H34S03'(aq.) 

has served partly to resolve sulphur isotopes 
(Thode, Gorham and Urey, J. Chem. Physics, 
1938, 6, 296 ; Stewart and Cohen, ibid. 1940, 
8, 904). 

(ii) Reactions confined to the Interface. 
— Some reactions occur only or primarily at a 
liquid-vapour interface. The reaction between 
hydrogen and sulphur is believed to proceed in 
part in this way (Norrish and Rideal, J.C.S.' 
1922, 123, 696; ibid. 1923, 123, 1689). The 
decomposition of methanol occurred as readily 
on liquid zinc as on zinc just below the melting- 
point (Steacie and Elkin, Proc. Roy. Soc. 1933, 
A, 142, 457 ; Canad. J. Res. 1934, 11, 47). The 
chief interest, however, centres upon reactions 
of a solute with insoluble monolayer films 
situated at the intorface. 

Oleic and cis-petroselic acids form insoluble 
monolayer films which are attacked at the double 
bond by dilute acid permanganate (Hughes and 
Rideal, Proc. Roy. Soc. 1933, A, 140, 253). The 
reaction occurs more easily when the films are 
dilute, since then the molecule lies. flat on the 
surface and the double bond is accessible to 
chemical attack. When the molecule is oriented 
vertically by compression of the monolayer, the 
double bond is not readily accessible and reaction 
is slow. Reactions of hydrolysis have also been 
observed, both of simple esters and of y-hydroxy- 
stearo-lactone, on alkaline substrates (e.y. 
Alexander and Schulman, ibid. 1937, A, 161, 
116). At constant surface pressure and alkali 
concentrations the latter reaction was of the 
first order with respect to the lactone and had a 
similar energy of activation (12,600 g.-cal. per 
g.-mol.) to the bulk phase reaction. 

Auto-oxidation of ^-eleeostearin and its maleic 
anhydride addition compound has been studied 
(Gee and Rideal, ibid. 1936, A, 153, 116; Gee, 
p. 129) and it was found that the oxidation 
velocity decreased at higher film compression, 
just as with oleic acid. Some film reactions are 
of obvious biological importance. Thus tannins 
combine with a protein monolayer (c/- Adam^ 
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“ Physics and Chemistry of Surfaces,” Oxford 
University Press, 1938, p. 97), and snake venoms 
attack lecithin by removing a long chain fatty 
acid group (Hughes, Biochem. J. 1935, 29, 437). 
A very striking phenomenon is the influence of 
the most minute traces of metallic cations upon 
the nature of surface films and upon reactions 
involving the films (Harkins and IMyers, Nature, 

1937, 139, 367). The results available are frag- 
mentary, but it appears that certain cations may 
influence the photolysis of stearic anilide films 
(Rideal and ]\Iitchell, Proc. Roy. Soc. 1937, A, 
159, 206) and reactions of a a-hydroxystearic 
acid, stearic anilide and proteins (Harkins and 
Myers, Nature, 1937, 139, 367; Rideal, JCtcheU 
and Schulman, ibid. 1937, 139, 625). It may be 
presumed that the cations are adsorbed under 
the monolayer, altering its physical state or 
chemical reactivity in ways not yet understood. 

Films exposed to the action of solutes may be 
collected and subjected to qualitative chemical 
examination Nitrocellulose films exposed to 
sodium hydroxide solution and scraped off the 
surface by a glass rod were thus proved to have 
been denitrated (Adam, Trans. Faraday Soc. 
1933, 29, 96). Langmuir and Schaefer (J. Amer. 
Chem. Soc. 1936, 58, ,284) found that dilute 
Ca(OH )2 and Ba(OH )2 reacted with mono- 
layers of fatty acid to give calcium and barium 
soaps if the was sufficiently high. Other 
reactions at the gas-liquid interface are 
adequately reviewed by Adam (” Physics and 
Chemistry of Surfaces,” Oxford University Press, 

1938, pp. 95 el seq.). 

D. Reactions Involving the Liquid- 
Liquid Inteeface. 


formly and at equilibrium between tho first lavet 
and a second quiescent liquid layer. 

(ii) Reaction Occurring in One Liquid 
Phase Only. — ^The simplest of liquid-liquid 
reactions are those confined either to tlic inter- 
face, or to one or other of the media. Lowenherr 
{ibid. 1894, 15, 389) interpreted the lydrolvd^ 
of an ester partly miscible in water and presc.nt 
in excess as saponification occurring in thf 
aqueous phase only. The rate of hydrolysi*! b 
increased by adding acid catalysts. The re- 
action rate is then 


-^=7.- Coster CacM 


By stirring, the equilibrium solubility of eder 
in water is maintained and so C’ctur 
Cacid both remain constant. Thus the rate of 
hydrolysis is constant. Using alkali as cataly?t 
the reaction equation is approximately, under 
otherwise identical conditions. 


da; 

df 


— 7; Calkall 


The velocity equations of soap and fatty acid 
manufacture are subject of these equation®. 

The studies have been extended to tho 
hydrolysis of an ester distributed between tao 
liquid phases, aqueous acid solution (where 
reaction occurred) and benzene (Goldschniklt 
and Messerschmitt, ibid. 1899, 31, 235). ltd 
is assumed that the distribution cquilibnuni u 
maintained during the reaction, the reaction 
equation is : 





{a-x) 


Few quantitative studies have been made 
of reaction rates in liquid two-phase media, 
although such systems are of the greatest im- 
portance in applied chemistry. The two liquids 
may be interdispersed as . droplets, yielding 
emidsions, or they may be in the form of 
quiescent layers. Solvent e.xtraction, soap- 
making, nitration and sulphonation are examples 
of large-scale processes where -the velocity is of 
paramount importance. In these sj’stems, the 
reaction zone often extends beyond the interface 
because the two liquids may be mutually soluble 
or the reactants may be distributed between 
them. The reactants may interact appreciably 
in one medium onlj', or both media may be 
active. 

(i) The Velocity of Establishing Dis- 
tribution Equilibria. — Studies on the rate of 
establishment of distribution equilibrium have 
led to seemingly contradictory^ conclusions. On 
tho one hand, Berthelot and Jungflcisch (Ann. 
Chim. Bhys. 1872, [iv], 26, 396, 408) found that 
the distribution equilibrium of iodine and 
bromine between %vatcr and carbon disulphide 
rcqiiircd several hours to be established ; While 
on the other hand Nernst (Z. physikal. C’licin. 
18.91, 8, 119) remarked upon the rapidity and 
certainty with wdiich equilibrium was reached. 
Big dilTcrcnccs may' be due, however, to the 
extent of mixing and mechanical agitation. A 
solute introduced intobnc quic=cc‘nt liquid layer { 
requires many day’s to distribute itself uni-* 


where Vi denotes the volume of tho aqueotu 
layer and V 2 that of the benzene layer; 0 )' 
the absolute amount of ester and z is the nmoun^ 
hydrolysed at time t; kis the velocity constniu 

... 

and a is the distribution constant=g, ^jphgrizcnc) 
Integration gives 




1 

t 


Vz+ Fja 
Via 


In 


a ' 
a—z 


n equation admirably obeyed when c / 
cetate, distributed between water and betir - , 
ras hydrolysed by water l’0305x wjfh ‘ 
o HCl, and when allowance was made lor u- 
act that an esterification-hy’drolysis cquJh rei < 

5 set up. The analogous reaction u.“ing 
IK-.-ili .and bcnzcnc obevs the law 


k 


1 a-f 1 

"I (t{n~zj 


hen F- and arc made equal, and ih * 
entration of alkali and c«ler arc (‘qua'. 

:ie reaction follows the equation 

Ic-fl 

' 7 n Ip—b) n(h~z) 

■hen the initial concentration*- « and I- 
r-cur at the interfa.^’ it-f-lf- Ihc hydn*;- 
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sulphonic acid’ group dissolves in water; tlie 
hydrophobic hydrocarbon groups dissolve in 
the oil. The reagent therefore is adsorbed at the 
interface, lowering the surface tension and 
assisting emulsification as well as bringing oil 
and water into more intimate contact through 
the adsorption layer. In Table XIV 'are given 
the hydrolytic cleavage efficiencies of 1% sul- 
phonic acid solutions on neutral cotton seed oil 
heated in a current of steam. 

Table XIV. — ^Reaction Rates with 
•Dieeerent Twitchell Reagents.^ 


_ , , . , Relative amounts of hydrolysis after 

Sulphomc-stearo 
aromatic com- 


pound of 

61 

hrs. 

13 

hrs. 

191 

hrs. 

20 

hrs. 

321 

hrs. 

39 

hrs. 

Naphthalene 
Anthracene . 
Phenanthrenp, . 

140-7 

2-5 

45-7 

190-7 

21-8 

125-7 

201-4 

70-3 

177.7 

211-4 

170-7 

1S3-0 

180-5 

194-1 

190-7 

201-2 


^ After Lewlcowitsch, "Cliemical Teclmologyof Oils, 
Fats and Waxes,” Cth ed., 1921, 'Vol. I, p. 90. 


E. Reactions at the Solid-Solid 
Interface. 

Adequate discussion of reactions involving 
the solid-solid interface is impossible in this 
article. The processes of precipitation-harden- 
ing, photography, diffusion in solid media and 
across phase-boundaries, reactions in certain 
explosives, and of tarnishing and oxidation of 
metallie. surfaces, and the dissociation of 
hydrates may be taken as typical of the chemistry 
of solid two-phase systems (surveyed in Dis- 
cussion on “ Chemical Reactions involving 
Solids,” Trans. Faraday Soc. 1938, 34, pp. 821- 
984). 

(i) Reactions of a Gas at -the Solid- 
Solid Interface. — ^A common reaction of this 
type is found in hydrate and ammoniate for- 
mation, and in dissociation of carbonates : 

. Na2CO3,10H2O -> NajCOg-blOHjO 
Na2SO4,10H2O Na2SO4-f-10H2O 
CaCOg — >-Ca0~i-C02 

Such reactions do not occur save at the inter- 
face between the two solid phases, and it is 
frequently necessary to scratch or break the 
crystal before the reaction becomes appreciable. 
The reaction rate is then autocatalytic, being 
divided into a slow initiation of reactive centres 
(the induction period), a spreading of reaction at 
rapidly growing interfaces, and finally, an ex- 
haustion of the supply of material. Fig. 4 
shows a typical curve for the decomposition of 
azides (Garner, Trans. Faraday Soc. 1938, 34, 
985 ; ■ Garner and Maggs, Proc. Roy. Soc. 1939, 
A, 172, 299 ; Wischin, ibid., p. 314) : 

2KN3->2K4-3N2 
2NaN3->2Na-f3N2 
PbNe-^ Pb-b3N2 

Quantitative studies of azide decomposition 
have shown that metallic nuclei form on the 
siuface an’d interior of the crystal, and gradually 
increase in number. The dimensions of each 
reaction-nucleus also increase steadily ; in 


barium azide the radius r inereased at a constant 
rate for any given nucleus ; 


The constant A was an exponential funetion of 
23,000 

temperature: A=Age Ry . The number ?i 
of nuclei increased according to the expression 
n=Bfi. To interpret the azide reactions, Mott 
{ibid. 1939, A, 172, 326) assumed that nitrogen 
driven off from the surface releases interstitial 
atoms of alkali which diffuse into the crystal. 
These, when their concentration is high 
enough, aggregate into metallic nuclei. The 
nuclei then act independently as reaction centres. 
Aggregation of a similar land may occur in 
silver halide crystals during the photographic 
process. The light liberates numbers of silver 
atoms (and equivalent clilorine atoms) in pro- 
portion to its intensity. Some of the clilorine 
atoms diffuse away and react udth gelatin. The 
interstitial silver remains, in a pattern of density 
reproducing the original image, as atomic 



Time. 

Fig. 4. — Increase of Nitrogen Pressure as 
A Function of Time in the Decomposi- 
tion OF Azides.* 

centres from which reduction spreads during the 
developing of the visible picture from the latent 
image. This reaction is, however, complicated 
by other factors which are not considered here. 
(See Discussion on “ Chemical Reactions in- 
volving Solids,” Pt. IIa, Trans. Faraday Soc. 
1938, 34, 883). 

Typical autocatalytic reactions in which the 
reaction curve resembles that of Fig. 4, although, 
of course, the atomic and molecular mechanisms 
may differ inter se, are given below : 

CuO-fHg ->- Cu-f HgO ^ 
0 : 10 - 1 - 00 -^ 002 - 1-^11 “ 

2NaH0O3-> NasOOg-t-HgO-f OOgS 

AggO 2Ag-}- JOg ^ 

2AgIVIn04 — AggO-j- 2 IVI n Og-j-l ^Og ® 

* After Mott, Rep. on Prog. Phys. 1939, 6, 201. 
Pease and Taylor, J. Amer. Chem. Soc. 1921, 43, 

2179. 

2 Jones and Taylor, J. Physical Chem. 1923, 27, 623. 
® Lescoeiu, Ann. Chim. Phys. 1892, [vi], 25, 430. 

* Kendall and Fuchs, J. Amer. Chem. Soc. 1921, 43, 
2017. 

® Sieverts and Theberath, Z. physikal. Chem. 1922, 
100, 463. 
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In some eases the deliberate creation of interfaces 
causes an acceleration in the reaction (Hulett 
and G. Taylor, J. Physical Chem. 1913, 17, 567). 
Thus, at 500°c. mercuric oxide gives oxygen 
and mercury. Because the mercury is a vapour 
at this temperature, the new interface is not 
developed and the equilibrium 

Hg+iOa^ HgO 

is only very slowly established. But if iron 
oxide, manganese dioxide or platinum is added, 
equilibrium is at once set up. Similar obser- 
vations were made when silver oxide, mercuric 
oxide and barium peroxide were decomposed 
in the presence of other oxides. 

(ii) Tarnishing Reactions. — The oxidation 
of metals causes the formation of a skin of oxide 
which sometimes remains compact and coherent. 
A new phase is thus created and reaction can 
continue either at the gas-solid interface by 
transport of metal atoms or ions through oxide 
or at the solid-solid interface by a similar trans- 
port of oxygen atoms or ions. (For a survey, see, 
Wagner, Trans Faraday Soc. 1938, 34-, 851; 
Mott, Rep. on Prog. Phys. 1939, 6, 186.) There 
thus occur simultaneous diffusion and reaction, 
either of which may limit the rate of growth of 
the oxide film. Sometimes the film continues 
to grow steadily (ZnO on Zn) and sometimes 
oxidation virtually ceases when the film is not 
a great many atomic layers in thickness (AlgO, 
on-Al). (u. Vol. ni, 3686). 

Zinc oxide can take up a stoicheiometric 
excess of zinc. Oxidation of this metal therefore ; 
occurs by diffusion of excess zinc from the metal 
through the zinc oxide to the external surface, 
where it reacts with oxygen and forms more 
oxide. Zinc diffuses slowly, as ions, and 
electrical neutrality is maintained by an equi- 
valent flow of electrons : 


Zn 

metal 


Flow of electrons 

> 

Zinc oxide 

> 

Flow of Zn ions 


Oxygen 

gas 


Oxidation of this kind obeys approximately the 
so-caUed parabolic diffusion law, x^=kt as 
required by the laws of diffusion (Wagner and 
Griinewald, Z. physikal. Chem. 1938, B, 4r0, 
455. Vernon, Akeroyd and Stroud, J. Inst. 
Metals, 1939, 65, 301, noted departures from the 
parabolic difi'usion law). 

Cuprous oxide is formed on metallic copper 
by another variation of the diffusion process 
(c/. Wilkins and Rideal, Proc. Roy. Soc. 1930, 
A, 128, 394). Cuprous oxide is capable of 
taking up a stoicheiometric excess of oxygen 
(c/. Wagner, Trans. Faraday Soc. 1938, 34, SM). 
The process involves formation of equal numbers 
of holes at certain Cu+ ion lattice sites and Cu++ 
ions at others. The lattice is not otherwise dis- 
turbed and the crj-stal may then be regarded as 
a solid solution of cupric oxide in cuprous oxide. 
The holes diffuse from the oxide-oxygen inter- 
face to the metal-oxide interface, and are there 
filled by Cu+ ions from the metal, the electron 
liberated passing into the oxide lattice and con- 
verting an equivalent number of Cu"^ ions into 
Cu'' ions. The mixed o.xide near the oxygen- i 


oxide interface is thus richer in cupric oxide 
than parts of the film adjacent to the metal. 

Sometimes coherent films may he formed 
which do not grow in thickness beyond a certain 
value. Thus in the system Al/AlgOg/Oj the 
thickness of the AlgOg, if it remains coherent, 
does not exceed about 10“® cm. An explanation 
has been given (Mott, ibid. 1939, 35, 1175) in 
terms of the quantum-mechanical effect known 
as tunnelling (p. 214c). The tunnelling particle 
is here the electron, and it has been shown that 
though the electron might penetrate an o.xide 
layer 5 X 10“® cm. thick (producing on the 
external surface of the oxide oxygen ions 
equivalent to the AI+++ ions which diffuse 
through the oxide from the metal), these elec- 
trons cannot be transmitted through appreciably 
thicker layers. Layer growth therefore quickly 
ceases. 


F, References To Types of Hetekogekeous 
Reactions not Described Above. 

I. Precipitation-hardening in metals ; Taylor 
and Mott (Rep. on Prog, Phys. 1939, 6, 205); 
R. Becker (Ann. Physik. 1938, [v], 32, 128). 
II. Development of the photographic image: 
R, Ciumey and N, Mott (Proc. Roy. Soc. 1938, 
A, 169, 151 ; various papers in the Faraday 
Society Discussion on “ Chemical Reactions 
involving Solids ” (Trans. Faraday Soc, 1938, 
34, pp. 821-984). Ill, Quantitative aspects 
of crystallisation, of melts, and from aqueous 
solutions : Taylor’s “ Treatise on Physical 
Chemistry,” 2nd ed., Vol. II, pp. 1033 el sej. 

(Macmillan & Co.). IV. Quantitative aspects o 
diffusion in solids : Barrer, “ Diffusion in and 
through Solids ” (Cambridge Univ. Pre|i, 194R 

•' HETOCRESOL” The cinnaraoyl ester of 
«i-cresol used as a non -irritant dusting ponder 
in the treatment of tuberculosis. . 

HEWETTITE. A hydrated vanadate oi 

calcium, Ca 0 - 3 V 205 , 9 H 20 , crystallised m tue 

orthorhombic system. It forms mahogany-re 
earthy masses, composed of minute silky needles, 
and occurs somewhat abundantly as an o.\t a* 
tion product of patronite at Jlinasragra, 
Cerro de Pasco in Peru. The mineral 
readily to a dark-red liquid, and is sligni j 
soluble in water. Sp.gr. 2-55. , 

Metahewetliie is identical with hexvettite ii 

composition and in crystallising in the or i 
rhombic system, but it differs somewhat in - 
optical characters and behaviour during c ij 
dration. It is found as a dark-red, po^deO 
impregnation in sandstone at Paradox a 
in Colorado, and over a wide area in easren 

Utah. J g 

HEXACYANOGEN, 

.N-C(CN). 

CN-Cf >N 

\N:C(CN)/ 

is produced by dehydrating the trianiidc of 
cyanuric acid at 210-250° with Pj?°^P ,r „ 
pentoxide (Ott, Rer. 1919, 52, [B], 061). M-J - 
119°, b.p. 262°/771 mm., Hf/O-o mm. R ^ 
decomposed by water and alcohols hut w 
stands the action of dry hydrogen chloricle. 
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n-HEXA DEC AN ED I CARBOXYLIC 
ACID, C02H-[CH2]io-C 02H, is prepared 
by what is essentially the method of Crum- 
Brown and Walker (Annalen, 1891, 261, 125), i.e. 
by electrolysis of potassium ethyl sebacate 
followed by hydrolysis of the resulting ethyl 
hexadecanedicarboxylatc (A. Franke and 
0. Liebermann, Monatsh. 1923, 43, 589). It 
has also been obtained by indirect reduction of 
clupanodonic acid (Y. Inoue and H. Kato, Proc. 
Imp. Acad. Tokyo, 1934, 10, 463). 

Hexadecanedicarboxyhc acid has m.p. 124°. 
For absorption spectrum, see llamart-Lucas and 
F. Salmon-Legagneur (Compt. rend. 1929, 189, 
915) ; for crystallography, .W. A. Caspar! (J.C.S. 
1928, 3235) ; for Y-ray measurements, A. Nor- 
mand, J. Ross and E. Henderson (J.C.S. 1920, 
2632) ; and for dipole moment, C. Smyth and 
W. Walls (J. Amer. Chem. Soc. 1931, 53, 
627). • 

This acid has achieved some technical import- 
ance by reason of its conversion into cyclo- 
heptadecanone by heating its salts of rare 
earths (Swiss P. 122510-3 ; L. Ruzicka and 
co-workers, Helv. Chim. Acta, 1920, 9, 230, 389). 
W. Carothers and J. Hill (J. Amer. Chem. Soc. 
1933, 55, 5043) have utilised the thallium salts 
(the first product of heat treatment being a 
linear polymer) and have also obtained poly- 
meric cyclic esters on heating the acid -with 
trimethylene glycol {ibid. 1932, 54, 1659). The 
suitability of several derivatives of hexadecane- 
dicarboxylic acid for this ring-closure has also 
been examined (P. Pfeiffer and E. Liibbe, J. pr. 
Chem. 1933, [ii], 136, 321 ; P. Chuit and J. 
Hausser, Helv. Chim. Acta, 1929, 12, 850 ; cf. 
also S. Landa and A. Kojvan, Coll. Czech. Chem. 
Comm. 1931, 3, 367). 

HEXAHYDRITE (v. Vol. W, 321b). 
HEXAHYDROXYBENZENE is obtained 
by acidifying potassium carbonyl (Lerch, An- 
nalen, 1862, 124, 22) ; by reducing tetrahydroxy- 
benzoquinone (Maquenne, Bull. Soc. chim. 
1887, [ii], 48, 64; cf. G.P. 368741); and by 
oxidising inositol with nitric acid (Gelormini 
and Artz, J. Amer. Chem. Soc. 1930, 52, 2483). 
It forms -needles which darken without melting 
on heating and is a strong reducing agent. 
Esters are prepared by fusing it with the 
anhydride and N a salt of the appropriate acid 
(Backer and Van der Baan, Rec. trav. chim. 
1937, 56, 1161). 

HEXALDEHYDE {n-Caproaldehyde). This 
aldehyde, CgHj^-CHO, is used in perfumery, 
and has a fruity odour, by which special effects 
can be achieved in most floral perfumes. 
It has b.p. 131°/760 mm., 28°/12 mm. ; 
0-8337. 

E. J. P. 

“ HEXALIN " (v. Vol. I, 147 J). 

“ HEXAMECOLL.” A preparation of 
guaiacol and' hexamethylenetetramine, used as a 
disinfectant dusting powder. 

HEXAMETHYLENETETRAMINE (v. 

Foemaldehyde, Vol. V, 3205). 

HEXAMETHYLENETRIPEROXIDI- 
AM I N E (t). Vol. IV, 6436). 

“ HEXAMINE ” (v. Vol. I, 326a). 

Vol. VI.— 15 


GFGiOHEXANE (Hexahydrobenzene ; 
hexamethylene), CqHjj. — A hydrocarbon occur- 
ring' naturally in the petroleum oil of Rumania, 
Galicia and the Caucasus. It is produced by the 
catalytic hydrogenation of benzene with a nickel 
or noble metal catalyst (Sabatier and Senderens, 
Compt. rend. 1901, 132, 210 ; Ipatiew, J. Russ. 
Phys. Chem. Soc. 1907, 39, 6W-693 ; Amer. 
Chem. Abstr. 1907, 1, 2878 ; Skita and Meyer, 
Ber. 1912, 45, 3593). 

Pure cyclohexane has m.p. 6-4°C., b.p. 81°, d^° 
0'7791, and 1-425. The commercial product 
has a melting-point of about -k3° which indi- 
cates a fairly high degree of purity. It is the 
best known solvent for both paraffin wax and 
rubber, and is also a valuable solvent for recry- 
stallising purposes, being less toxic than the 
corresjjonding unsaturated hydrocarbons cyclo- 
hexene and benzene. A summary of observa- 
tions on the toxicity of these three hydrocarbons 
is given in E. Browning, “ Toxicity of Industrial 
Organic Solvents,” issued by the Medical 
Research Council (Industrial Health Research 
Board), 1937, pp. 118-122. For propei-ties and 
uses of the commercial solvent, sec T. H. 
Durrans, “ Solvents,” 4th ed., London, 1935. 

J. W. B. 

HEXANITRODIPHENYLAMINE 
(Hexyl) (Vol. IV, 489o). 

HEXANITRODIPHENYL SULPHIDE 
(Picryl sulphide) (Vol. IV, 484c). 

HEXANITRODIPHENYLSULPHONE 

(Vol. IV, 484cl). 

HEXANITROMANNITOL (Vol. IV, 
500el). 

HEXANITROSULPHOBENZIDE (Vol. 
IV, 484(1). 

GFGBOHEXANOL (Hexahydrophenol), 
CoHn-OH. 

This isocyclic alcohol is produced by the 
catalytic hydrogenation of phenol in either the 
gaseous or the liquid phase. Conditions for this 
hydrogenation have been described in various 
publications and patents (Sabatier and Sen- 
derens, Compt. rend. 1903, 137, 1025 ; Ipatiew, 
Ber. 1907, 40, 1286 ; Brochet, Compt. rend. 
1922, 175, 683). 

Common to these processes is the need for 
somewhat raised temperatures although the 
reaction itself is highly exothermic. Phenol is 
more readily hydrogenated than its homologues, 
and this seems to be only partly explained by 
the greater purity of the crystalline substance. 
A nickel catalyst is the one most commonly em- 
ployed. Pure cyclohexanol is a crystalline sohd, 
m.p. ca. 25°, b.p. 161-5°, 0-947 and 1-4664. 
Gycfohexanol is stated to exist in two a,llotropic 
modifications (Nagomov, Amer. Chem. Abstr. 
1928, 22, 4485). Data as regards the melting- 
point are therefore somewhat uncertain. 

Commercial cycZohexanol has a high degree of 
purity, containing only a small proportion 
(under 0-5%) of cyclohexanone. It has been 
marketed under various trade names, e.y. 
“Audi," “ Hexalin,"’ as well as under its 
chemical name. 

GycZohexanol and its derivatives have obtained 
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considerable importance as technical chemicals. 
The alcohol itself is a good solvent for dyes, 
vrsLxes and shellac, and has found use iri the 
manufacture of polishes, spirit varnishes and 
inks as veil as in the textile industry-. The 
esters, acetate, phthalate, etc., have found con- 
siderable use as solvents and plasticisers. 

Methylcydohexanol, CgHjolVle-OH. While 
four structurally isomeric methylcycZohexanols 
exist, interest is mainly centred in the three 
derivatives of the corresponding orlho-, meia- 
and para-cresols, i.e. the hezaJiydrocresoU. 
These are obtained from the cresols by catalytic 
hydrogenation in the presence of a nickel catalyst 
under varying conditions according to the pro- 
cess used. Common to all is the use of a some- 
vhat raised temperature. The 1:2-, 1:3- and 
l:4-methylcyc?ohexanols shov small difrerences 
in boiling-point and other physical character- 
istics (1:2- b.p. 167-168=. 0,933 . j.g. 

175-176=, 0-924; 1:4- b.p. 173-174°, 

0-924). Stereoisomeric forms of Tu-methylcycfo- 
hexanol are knovn. 

The methylcyclohexanol of commerce (also 
knovn imder various trade names such as 
“ tSeziol,'' Methylandl,’’' “ Methylhexalin ”) is a 
mixture of the above three isomers in various 
proportions, and may also contain small quanti- 
ties of cycZohe.xanol, and usually contains a very 
small percentage of the corresponding ketones. 
A typical commercial product has the folloving 
approximate composition : o-methylcydohexanol 
30%; Tu-methylcyriohexanol 35%; p-methyl- 
cyciohexanol 35%, and has b.p. 168-175°, 
0-925. 

MethylcycZohexanol has become a solvent of 
considerable commercial importance. This is 
due not only to its solvent pover for fats, oils 
and dyes, but also to its outstanding ability to 
reduce surface tension and to stabilise emulsions. 
These properties have led to an extensive use of 
this solvent in the textile industiy, for the pre- 
paration of textile- laundry- and dry-cleaning 
soaps, and for textile dyeing and printing. I 

The esters, acetate, phthalate, stearate, etc., 
are used extensively as solvents and plasticisers 
in various branches of industiy {v. Durrans, 
“ Solvents,” 4th ed., 193.5). 

J. W. B. 

H EXATR I EN E (^*ol. II, 151a). 

•• HEXANON ” (Vol. I, 380d). 

HEXOGEN (Vol. in, 53od). 

HEXOKl NASE (Vol. V, 24c, 35c). 

HEXOPHAN (Bayer Products). 2-(4'- 
hydroxyphenyl) quinoliue-4:3'-dicarboxylic acid, 
used in the treatment of gout (Pharm. J. 1925,. 
114, 202). “ I/ytopJian ” is 2-phenyIqninoIine- 
4:3'-dicarboxylic acid (Gudzent and Keip, Ther. 
d. Gegenv. 1921, 62, 127). 

HEXURONIC ACID (v. Vol. I, 502a). 

HEXYL {v. VoL TV, 489a). 

ti-HEXYL alcohol, CgHia-OH. This 
alcohol and its esters have been used as syn- 
thetic perfumes. They are, hovever, of little 
importance. 

E. J. P. 

H 1 BEEN ITE V. Hopette. 

HIDDENITE. A transparent, emerald- 
green variety of the mineral spodumene. 


LiAlSigOg, used as a gem-stone. It is fonnd 
-uith emerald in Xorth Carolina, and has been 
popularly, but erroneously, knovm as “lithia- 
emerald.” 

L. J. S. 

” HIDUMINIUM ” {V. Vol. I, 2536). 

H 1 ERATITE (v. Vol. V, 606). 

HIGHGATE RESIN. Copahn, a fossD 
resin resembling copal found in the blue clay of 
Highgate SiU. 

HIGH PRESSURE REACTIONS. The 

Influence of Pressure upon Ohernical Reactions in 
the i/iqvM Phase. — ^In considering the effect of 
pressure upon the coiuse and rate of a chemical 
reaction in the liquid phase it is necessary to 
take into account its influence upon certain of 
the physical properties of the medium. Thus, 
for example, any change in the specific volmne, 
viscosity, speciSobeatorths melting- and boilmg- 
points of the reactants may exert an appreciable 
influence upon the velocity. It is also veil 
! knovn that solvents may interfere vith the 
' mechanism of a reaction, and in a number of 
instances a correlation has been observed 
betveen the effect of the solvent and such pro- 
perties as refractive index, dielectric constant 
and cohesion (iloelvyn-Hughes, “ Kinetics of 
Reactions in Solution,” The Clarendon Press, 
1933, p. 51). Although such relationships are 
quite specific, it is clear that any factor, such as 
pressure, tending to bring about a change in one 
or more of them vill exert an influence upon ^ 
reaction velocity. There is also evidence that 
pressure may give rise to an induced or incased 
polarity of the reactant molecules, and it has 
been suggested that some of the potential eneigv 
gained by a system as the result of isothermal 
compression may, in certain circumstances, 
become available as part of the activation energy 
necessary for reaction to take place (Faveett 
and Gibson, J.C.S., 1934, 386). 

Tvo important properties vhich require con- 
sideration are compressibility and thermal dua- 
tation. The volume change when a h’qnid ^ 
subjected to hydrostatic pressure is determined 
by changes in molecular configuration, by the 
closer packing of individual molecules and, to 
some extent, by the deformation or compression 
of the molecules themselves. 

The thermal dilatation of liquids, in general, 
decreases -with increasing pressure up to awut 

4.000 atm., after vhich the pressure effect 
becomes irregular and, in some instances, changes 
in mgn, the dilatation increasing over a range 
of several thousand atmospheres and then agam 
clscrcssin^* 

It vill be seen from the data in Table 
both in respect of the compressibifity and the 
dilatation, there is a tendency for most hfi^^ 
at high pressures to lose the individual drfier- 
ences vhich usually characterise them; 
the ratio of the dilatation of ether^to that oi 
amyl alcohol at lov pressures is 1-5 vhiM at 

12.000 kg. per sq. cm. it has fallen to 
furthermore, the effect of pressure in decreasing 
the compressibility is much greater than 
effect in decreasing the dilatation.^ 

The Collision Number in the Liquid Phase. _ 
Collisions betveen molecules in a liquid differ m 
some important respects from those in a ga^. 
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Table I. — Changes oi? Combressibility and 
Thermal Expansion Produced by- Pres- 
sure (Briclgninn, Proc. Ainer. Acncl. 1913, 
49. 1). 


Liquid. 

Compressibility K. 

Dilatation 8 . 

Ki 

a’g.ooo 

A'lO.OOO 

I.s, 

' Sg.oqo 

1 

^ 12.000 


A'i2.000 

A' 12.000 

X JQO 

812.000 

812.000 

xlO-* 

Methyl 

alcohol 

18-4 

2-20 

7-4 

4-29 

1-23 

2-98 

Ethyl 

alcohol 

13-7 

2-02 

8-1 

45'0 

1-30 

; 2-08 

u-Propyl 

alcohol 

lo-S 

1-94 

7-0 

4-80 

1-33 

' 2-37 

tsoButyl 

alcohol 

10-C 

1-CS 

8-0 

4-15 

1-17 

i 

2*75 

fsoAniyl 

alcohol 

14-4 

1-88 

7-4 

4-40 

1-30 

2-40 

Ethyl 
ether . 

_ 

1-02 

9-0 

___ 

1-32 

2-48 

Acetone . 

— 

1-85 

8-7 

— 

1-35 

2-82 

Carbon di- 
sulpliide 

13-8 

1-82 

8-7 

5-47 

1-34 

2-02 

Phos- 

phorus 

tiicldoride 

14-2 

1-81 

8-0 

4'84 

1-31 

2-78 

Ethyl 

chloride 

_ 

1-78 

9'0 


1-37 

2-07 

Ethyl 

bromide 

14-9 

1-87 

8-2 


1-33 

2-GO 

Ethyl 
iodide . 

14-0 

1-89 

8-1 

4-80 

1*22 

2-48 


In a liquid containing, for oxamplo, tivo reacting 
species A and B in solution, each reactant mole- 
cule -will bo surrounded by a cage of solvent 
molecules and collision can only occur by a 
process of diffusion dui-ing which one molecule 
penetrates into the cage occupied by another. 
Once having become “ co-ordinated ” in this 
way the 2 molecules may make a large number 
of collisions before separating. In a gas a 
collision is a unique event and a second collision 
between any two specific molecules hardly ever 
occurs immediately. 

The number of binary collisions in a gas is 
given by the equation : 

. ( 1 ) 

where and are the number of molecules 
per c.c. of molecular weight and Mo, re- 
spectivelj’’, and -CTi^o is the average molecular 
radius. The corresponding number for a liquid 
under similar conditions would be about 10® 
times greater and would increase with pressure 
approximately as the viscosity. Reaction occurs 
as the result of collisions between molecules 
having energies equal to or in excess of a certain 
critical value E. The number of such collisions 


is obtained by multiplying (1) by e The 
majority of liquid phase reactions are bimolo- 
cular and the rate of change is given by 


^ ' 2 r /I 1 M i 


i RT 
C 


where C is the ratio of the collision number in 
the liquid phase to that in the gaseous phase. 


From (2) the bimolecular velocity constant l~, 
expressed in litres per g. mol. per sec. can bo 
evaluated. Thus, if N is the Avogadro numljcr 


dn 1 N 
dT ' 1,000 


( 3 ) 


Bj' combining (2) and (3) 

""i;000'^‘''i . Mo)} 


- 7 ; 
. UT 


• (4) 


and, differentiating with respect to tempcraUiro, 
dink F-l-iRT 

dT “ BT2 . ... [0) 


A similar result may be obtained from the 
Arrhenius equation 

l-=BZc (fi) 

In this equation Z denotes tlio number of en- 
counters between reacting molecules under 
specified conditions, is the “ critical incre- 
ment of enorg3^ ” and B is a factor rciirescnting 
the probability that a collision involving the 
requisite energy will lead 1o reaction. 

On differentiating (G) with respect to tempera- 
ture 

dT ~RT= 

From (6) and (7) 

E=-E-mT .... (8) 

The difference between E and E„ is usually un- 
important except where T is high or E is small. 

The velocity constants and critical increments 
of a largo number of bimolecular reactions in 
solution have been measured at atmosphei’ic 
pressure and about 40% of them are found to 
have normal velocities in accordance with (1); 
in such cases the calculated collision frequency 
varies little from reaction to reaction, an average 
value being about 2-8 x and the probability 
factor does not differ much from unity. Of the 
remaining reactions the greater part are “ slow ” 
in the sense that their velocities are from 10 to 
100,000 times slower than the calculated values 
and B is less than unity, whilst a few, on the 
same basis, may bo classified as “ fast,” B being 
greater than unity. All three types of reaction 
show positive responses to pressure. 

Whilst the cause of such abnormal rates is not 
known with certainty there are a number of 
factors which might be responsible. Thus, in the 
case of “ slow ” reactions the endothermic for- 
mation of a complex prior to the reaction jiroper, 
deactivation by molecules of the solvent, or 
special conditions of orientation or of internal 
phase of the reacting molecules at the moment of 
impact would account for the apparent slowness 
of the reaction. “ Fast ” reactions might be due 
to the exothermic formation of a complex prior 
to reaction, the distribution of the energy of 
activation among a number of internal degrees of 
freedom of the reactant molecides, the occurrence 
of a chain reaction, or activation by some external 
i source of energy (Moolwyn-Hughcs, op. cit.). 
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If it be assumed that, prior to reaction, two mole- 
cules possessing the requisite activation energy 
must come together and form a pre-activated 
complex, then reaction wiU occur when the life 
period 0 of the complex is equal to or greater 
than the time t reqmred for the completion of the 
internal motions of the molecules necessary to 
bring the atoms to appropriate ' distances, and 
■with suitable relative velocities for new bonds to 
be formed. If the colhsion complex is stable, 0 
wUl be large and the factor B of equation (6) will 
be constant and independent of jS ; on the other 
hand, when, tis appreciably greater than 0, a 
correlation should be observable between BZ and 
E. Since the life of the complex is terminated, 
either by separation of its constituents by de- 
activation in a collision, or by chemical trans- 
formation, the effect of hydrostatic pressure 
would be, presumably, to increase its stability 
(Fairclough and Hinshelwood, J.C.S. 1937, 538). 
In this connection recent work has shown that 
whilst pressure accelerates both “ normal ” and 
“ slow ” reactions its effect upon the latter class 
is far greater than upon the former ; in “ slow ” 
reactions moreover both B and E are found to 
vary with pressure in a regular manner. 

As a typical example of a normal reaction the 
interaction of sodium ethoxide and ethyl iodide 
in alcohol solution may be considered (Gibson, 
Fawcett and Perrin, Proc. Roy. Soc. 1935, A, 
150, 223). The reaction 

CgHg-ONa-i-CgHsI -^CaHs-O CaHg-f-Nai 

is bimolecular and the velocity constants are 
found to vary -with the initial concentration of 
the sodium ethoxide but not with that of the 
ethyl iodide. In Table II the constants for 0-1 
normal solutions at temperatures between 15° 
and 30°C. and over the pressure range 1-5,000 
kg./cm.2 are given. 

Table II. — ^The Velocity Coestaets fob 

THE IeTEBACTION OF SODIUM EtHOXIDE 

AND Ethyl Iomde in Alcohol Solution 

AT Vabious Peessubes, 


due to the thermal expansion and compressi- 
bility of the solvent; in column 4, Z (obs.) 
are the corrected values. 

It win be seen that whilst the velocity in- 
creases with pressure the effect is not very 
marked and at 5,000 kg./cm.^ the rate is only 
about double that at atmospheric pressure. 
From the experimentally determined constants 
the values of BZ and E (equation 6) are found to 
be : 

Pressure, - 


kg./cm.2. BZxlO^^ JS, g.-cal. 

1 1-28 20,740 

3.000 2-23 20,800 

5.000 1-32 20,340 


The values of K calculated from these constants 
are given in column 5 of Table II. The changes 
in BZ and E with pressure are not, in this 
instance, of sufficient magnitude to enable any 
distinction to be made as to their relative im- 
portance in determining the observed accelera- 
tion of the reaction. 

Somewhat similar results are found for the 
hydrolysis of sodium monochloroacetate by 
sodium hydroxide in aqueous solution. The 
reaction is bimolecular and “ normal ” and its 
velocity increases with pressure, the value at 
12,000 kg./cm.^ being about 6-5 times the 
value at atmospheric pressure. 

The above reactions may now be compared 
with a typical “ slow ” reaction, namely that 
between pyridine and ethyl iodide in acetone 
solution 


-f EtI -> 

N 

The rate of this reaction at 3,000 kg./cm-^ 
is 7-2 times, and at 8,500 kg./cm.® is 4/-o 
times as great as that at atmospheric pressure. 
The variations of the constants of the Arrhemus 
equation with pressure are as follows : 



NEtl 


Tem- 

perature, 

°C. 

Pressure, 

kg./cm.2. 

Aj X 10^. 

■ g. mi 

K (obs.) 
XlO®. 
al./litre/mii 

K (calc.) 
XIO®. 
lute. 

14-85 

1 


2-30 

2-27 

19-95 

1 

— 

4-19 

4-26 

25-0 

1 

— 

7-73 

7-79 

30-0 

1 

— 

. 13-60 

13-90 

14-85 1 

2,980 

4-25 

3-65 

3-57 

19-95 1 

2,980 

7-59 

6-53 

6-72 

25-0 

2,980 

14-40 

12-40 

12-30 

30-0 . 

2,980 

25-20 

21-60 

22-00 

15-0 

5,000 

5-6 

4-6 

4-65 

20-0 

5,000 

10-3 

8-4 

8-48 

25-1 

5,000 

19-4 

15-9 

15-80 

30-1 

5,000 

34-2 

28-1 

27-50 


The constants A’j in colunm 3 of the table are 
uncorrected for the changes in concentration 


Pressiue, 

kg./cm.-. 

1 

2,975 . . . . 

5,000 . . . . 

8,500 . . . . 


2-13 14,390 

71-6 15,350 

197-0 15,510 

2,490-0 16,380 


Both constants show a marked increase with 
pressure. , 

In the foregoing examples the reaction n 
have been measured in dilute solution and ar j 
therefore, influenced to some extent by change 
in the physical properties of the solvent wi 


An interesting example in which the p 
reactants and products only are concernc 
that of the esterification of acetic , 

series of alcohols (P’eng, Sapiro, I'Uistead ana 
Neivitt, J.C.S. 1938, 784). Measurements hav 

been made of the rates of esterification at a 

number of pressures from atmospheric to 4 ,w 
atm. and the corresponding velocity constau 
have been determined. The values ot 
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constants of the Arrhenius equation for the 
reactions arc given below : 

Values of the Constants of the Aerhenius 
Equation for the Rate of Esterifica- 
tion OF Acetic Acid with a Series of 
Alcohols. 


Alcohol. 

Pressure, 

atm. 

E, g.-cal. 

A or BZ. 

Ethyl .... 

1 

13,770 

4-58x102 

2,000 

13.790 

2-40 X 103 


3,000 

13,830 

6-10x103 


4,000 

13,980 

1-61 xl0« 

R-Propyl . 

1 

13,550 

4-10x102 

2,000 

13,910 

2-98 X 103 


3,000 

14,190 

8-87 X 103 


3,750 

14,740 

3-33 X 10« 

R-Butyl 

1 

13,720 

EISilSfFa 

2,000 

■ HiEn 



3,000 

■ Ills In 

2-44 xl0« 


3,750 

B dffi In 

5-72 xlO^ 

rsoPropyl . 

1 


3-20 X 103 


2,000 

H 3 

2-15x10® 


3,000 

B flran 



3,750 

22,220 

4-38 X 108 

tsoButyl . 

1 


•4-84 X10« 


2,000 


1-30x10® 


3,000 


3-35x10® 


3,750 


1-16x102 

sec.-Butyl 

1 


2-50 X 10* 

2,000 




3,000 

21,010 

4-90x102 


3,750 

^1,720 

2-22x108 


Both E and BZ increase with pressure, the effect 
being greatest with isopropyl and sec.-butyl 
alcohols ; there is also, in all cases, a functional 
relationship between the two constants, straight 
lines being obtained by plotting values of E 
against log BZ. 

Unimolectilar Decomposilions . — It woidd be 
expected from the Le Chatelier-Braun principle 
of mobile equilibrium that increase of pressure 


would exert a retarding effect upon the rate of a 
Iinimolecular reaction, and such is found to bo 
the case. Phenylbenzylmethylallylammonium 
bromide decomposes, at a measimable rate in 
cliloroform solution, at temperatures between 
25 and 45°C. The reaction is reversible and to 
determine the velocity constant of the decom- 
position it is necessary to measure the equili- 
brium constants a at the various temperatures 
employed. The results for a 0'0975 normal solu- 
tion are summarised in Table III (Williams, 
Perrin and Gibson, Proc. Roy. Soc. 1936, A, 
154 , 684), 

Table III. — ^Decosifosition of Phenyl- 

BENZYLMETHYLALLYLAMJIONIUII BrOMIDE 

IN Chloroform Solution. 

(Strength of solution = 0-097.') normal.) 


Tem- 

perature, 

“C. 

Pressure, 

kg./cin.-i. 

a 

Jl (obs.) 
XIO*. 
g. mo 

K (c,alc.] 
xlO*. 
l./litre/ml 

all 

xl03. 

nute. 

25-0 

1 

7-97 

3-23 

3-10 

0-258 

29-95 

1 

5-1 

7-4 

7-1 

0-377 

34-95 

1 

2-21 

15-8 

15-85 

0-350 

39-9 

1 

1-44 

34-3 

34-7 

0-492 

44-9 

1 

0-D4 

74-5 

73-0 

0-478 

25-0 

2,980 

75-5 

2-10 

2-24 

1-03 

29-95 

2,980 

34-0 

5-1 

4-9 

1-74 

34-95 

2,980 

10-8 


10-9 

1-80 

40-0 

2,980 

10-C 


23-4 

2-43 

44-0 

2,980 

7-37 


48-9 

3-51 


Polymerisations by Pressure . — As an example 
of the effect of pressure upon this class of re- 
action the behaviour of a-methylstyreno may 
bo given. Under normal conditions the trimeride 
is the highest polymer obtained either by heat 
alone, or ivith addition of Elorida earth or boron 
trichloride; on the other hand, at 5,000 atms. 
and lOO^C., a mixture of high polymers with a 
mean molecular weight of 5,600 is obtained. 
The effects of temperature and time upon the 
yields obtained at different pressures are as 
follows : 


Polymerisation of u-Methylstyrene (Sapiro, Linstead and Newitt, J.C.S. 1937, 1784). 


Temper- 
ature, °c. 

Pressure, atm. 

Time, hours. 

Yield, per cent. 

Mean molecular 
weight of high 
polymers. 

Monomer. 

Low polymers. 

High polymers. 



1 

98-99 






14 

32-6 

3-4 

64-0 

— 



96 

15 

— 

85 

5,400-5,800 

HiliH 


95 

23 

12 

65 

2,600 



96 

68-3 

27-2 

4-5 

1,600 




46-0 

48-7 

6-3 

— 

125 


■ 96 

46-4 

27-7 

26-0 

1,050 



47 

21 

-0 

79-0 

1,170 



48 

18-1 

81-9 

none 

— 

- 








Another example of pressure polymerisation pentadiene in the pure bquid phase is subjected 
has been worked out in detail (Raistrick, Sapiro to high hydrostatic pressure, reaction is found 
and Nowitt, J.C.S, 1939, 1761). When cydo- to proceed in three distinct stages, depending 
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solution in methyl alcohol is violet-red, and this 
becomes pure blue on the addition of solid sodium 
acetate or sodium carbonate solution. If the 
solution is kept for some time previous to the 
test a greenish-blue colour is obtained. The 
chloride dissolves in 0-lN aqueous sodium 
hydroxide forming a purple-blue solution which 
rapidly becomes crimson-blue (dichroic) and 
then fades to emerald green. The cooled solu- 
tion in hot 0-25% HCl apparently contains 
much psettdo-base since excess of sodium car- 
bonate gives a brownish-green solution changing 
to olive-green. Unlike cyanidin and delphinidin 
{q.v.), both of which reduce Eehling’s solution 
in the cold, hirsutidin is affected onty on heating. 
It gives no colour reaction with ferric chloride. 

W. B. 

HIRSUTIN. A study of the colouring 
matters of Primula has shown that the petals of 
P. viscosa owe their hue to malvin, which is also 
present in the blue wild maUoAV ( Malva sylvcslris), 
that P. integrifolia contams malvin and an 
anthocyanin with a smaller methoxyl-content, 
whilst P. liirsnla contains hirsutin, a methjd 
ether of malvin (Karrer and Widmer, Helv. 
Chim. Acta, 1927, 10, 758). Hirsutin chloride 
crystallises readily and separates from hot 1% 
HCl on adding 5% methyl-alcohohc HCl in the 
form" of deep brownish-violet felted needles of 
the tetrahydrate, C3 qH 370 i 7CI,4H20 (dried in a 
desiccator over sulphuric acid), m.p. 150-153® 
(decomposing after sintering at about 146°). 
The anthocyanin is sparingl}’’ soluble even in 
very dilute HCl to a violet-red solution which is 
bluer than that of cj^anin (q.v.). In alcohol the 
colour is a deeper blue. TVhen sodium acetate 
or sodium carbonate is added to an acid solution 
the violet colour-base (IV) separates; hirsutin 
is unique amongst natural anthocyanins in that 
the colour-base does not dissolve in alkalis to 
form a blue alkali salt. Hirsutin is hydrolysed 
on heating with 20% HCl to hirsutidin (1 mol.) 
{q.v.) and glucose (2 mol.). It is oxidised by 15% 
hydrogen peroxide to hirsulone, C3oH3gOj3, a 
colourless, highly crystalline ketone which dis- 
solves easily in hot water but sparingly in cold. 
Hirsutone is very easily hydrolysed by means of 
aqueous sodium hydroxide with formation of 
syringic acid (3:5-di-0-methylgallic acid). 

The constitution of hirsutin has been estab- 
lished by R. Robinson and co-workers (J.C.S. 
1930, 793) who showed that hirsutidin is the 
7:3':5'-trimethyl,ether of delphinidin. Robinson 
and Todd {ibid. 1932, 2293) showed that the 
sugar component is present in the form of two 
glucose units attached to positions 3 and 5, 
they synthesised liirsutin by condensing 2-0- 
tetra - acetyl - j8 - glucosidyl -4-0- methylphloro - 
glucinaldehyde (I) with <w-0-tetra-aeetyI-y8-glu- 
cosidoxy-4-acetoxy-3:6 - dimethoxyacetophenone 
(II) to a flavylium salt which was then de- 
acetylated to hirsutin (III). 


MeO|^^OH 

-.^^CHO 

(Ac0)4C3H200 

X. 


co- 


_OMe 

)OAc 


OMe 


CH 20 CeH 70 ( 0 Ac )4 

II. 

Cl 





OMe 
^O 


OMe 


CoHnOr.-0 


CeHnOs 


IV. 


Both hirsutidin-3-j3-glucoside and hirsutidin- 
5-)3-lactoside differ in properties from hirsutin. 
The 3;5-dighicoside structure relates hirsutin to 
pelargonin, cyanin, paonin, delphin and malvin. 

W. B. 

HIRUDIN (a. Vol. JI, 24c). 
HISPIDOGENIN {v. Vol. II, 385d). 

H I STAM I N E (a. Vol. IV, 33l£i). 
HISTIDINE, glyoxaline-5-alanine, ^-hnina- 
zolyl-a-amiiiopropionic acid, 

NH— CHv 

' 1^ JXc-CH2-CH(NH2)-C02H 

CH=n/ 

I. 


was discovered by Kossel (Z. phj'siol. Chem. 
1896, 22, 176) among the products of hydrolysis 
of the protamine sturine, which contain 12-9% 
histidine (Kossel, ibid. 1900, 31, 207). It is an 
important constituent of many animal and 
vegetable proteins and according to Boone 
(Med. Bull. Univ. Cincinnati, 1931, 6, 193) it 
occupies a terminal position, since 5-20% of 
the histidine content can be isolated in an 
optically active state after mild alkaline 
hydrolysis of haemoglobin, edestin, casein and 
Witte’s peptone. Histidine occurs in histones 
(basic, proteins) (Lawrolf, Z. physiol. Chem. 
1899, 28, 388; Abderhalden and Rona, ibid. 
1904, 41, 278 ; Kossel and Staudt, ibid. 1926, 
159, 172) ;, in gelatin and egg albumin (Simms, 
J. Gen. Physiol. 1928, 11, 613) ; in crystalline 
insulin (2-57%) (Jensen, Wintersteiner and Du 
Vigneaud, J. Pliarm. Exp. Ther. 1928, 32, 387) 
in horse haemoglobin (7-64%) (Vickery and 
Leavenworth, J. Biol. Chem. 1928, 79, 377) ; in 
crystalline oxyhaemoglobin f7-6-7-6%) (Abder- 
halden, Eleischmarm and Irion, Eermentforsch. 
1929, 10, 446) ; in the antipeptone obtained by 
pancreatic digestion of fibrin (Kutscher, Z. 
physiol. Chem. 1898, 25, 195) ; and has Ireen 
isolated from other proteins (Hedin, ibid. 1896, 
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22, 191) ; from red blood corpuscles (15 g. of the 
hydrochloride from 500 c.c. of blood corpuscle 
paste) (Jones, J. Biol. Chem. 1918, 33, 429; 
Hanke and Koessler, ibid. 1920, 43, 521 ; Chem- 
nitius, Pbarm. Zentralk. 1928, 69, 471) ; from 
fresh fish (Suzuki, J. Agri. Tokyo, 1912, 51, 1) ; 
from fish sperm (Yamagawa, Mikawa and 
Tomiyama, J. Imp. Fish Inst. Tokyo, 1926, 22, 
No. 2, 30 ; Biol. Abstr. 1927, 2, 975) ; from Octopus 
oclopodia (Morizawa, Acta Schol. Med. XJniv. 
Imp. Kioto, 1927, 9, 299) ; from diphtheria 
baciUus (Tamura, Z. physiol. Chem. 1914, 89, 
295) ; from newly hatched chicks (0-05%) 
(Yoshimura, J. Chem. Soc. Japan, 1936, 57, 318) ; 
from the yolk, white, embrj’^o and .shell mem- 
brane of hen eggs (Cal very, J. Biol. Chem. 1932, 
95, 297) ; and from human hair (0-5%) (Vickery 
and Leavenworth, ibid. 1929, 83, 523). Histi- 
dine occurs in human pregnancy urine and its 
presence has been suggested as a test for this 
condition (Foldes, Biochem. Z, 1936, 283, 199 ; 
1936, 285, 294, 296; cf. KapeUer- Adler, ibid. 
1936, 285, 123 ; Armstrong and Walker, Bio- 
chem. J. 1932, 26, 143; KapeUer- Adler and Haas, 
Biochem. Z. 1935, 280, 232 ; Renton, S. African 
Med. J. 1935, 9, 441 ; Bodo, Amer. Chem. Abstr. 
1935, 29, 1865), but this suggestion has met with 
severe criticism (Louros, Klin. Woch. 1934, 
13, 1156'; Gertler, Endokrinologie, 1936, 17, 
45 ; Bosman, S. African Med. J. 1935, 9, 514 ; 
He^ksteden, Deut. Z. ges. gerichl. Med. 1935, 
24, 253), especially since it occurs in normal 
urine (Wada, Acta Schol, Med. XJniv. Imp. 
Kioto, 1930, 13, 187 ; PeUizzari, BoU, Soc. Ital. 
Biol, sperim. 1934, 9, 517). Histidine occurs 
also in the products of hydrolysis of vegetable 
proteins, notably in the seeds and seedlings of 
Picea erxelsa Linn., Finns sylvestris Linn., 
Cucurbita pepo Linn., Lupinvs luteus Linn, 
and Pisum sativum Linn. ; in the case of the 
conifer seeds 300 g. of dry protein yield 3 g. 
of histidine hydrochloride (Schulze and Winter- 
stein, Z. physiol. Chem. 1899, 28, 459, 465 ; 1901, 
33, 547). It is present in Secale cornuium 
(Frankel and Rainer, Biochem. Z. 1911, 74, 
167) ; in some of the lower fungi (Sullivan, 
Science, 1913, 38, 678; Reed, J. Biol. Chem. 
1914, 19, 260) ; in soya bean (0-62 g. as di- 
chloride from 5 kg. ; Sasaki, J. Agric. Chem. Soc. 
Japan, 1932, 8, 417) and various species of 
beans and peas (Kiesel, Belozerskii and Skvorzov, 
Zhumal exptl. Biol. Med. 1927, 4, 538 ; Amer. 
Chem. Abstr. 1928, 22, 603 ; Jodidi, J. Amer. 
Chem. Soc. 193.5, 57, 1142); in potatoes 
(Yoshimura, Biochem. Z. 1934, 274, 408) ; and 
in extracts of ergot (Trabucchi, Boll. Soc. Ital. 
Biol, sperim. 1934, 9, 501). It is also found in 
soils (Schreiner and Shorey, J. Biol. Chem. 
1910, 8, 381 ; Skinner, Bied. Zentr. 1913, 42, 
213, from Proc. 8th Int. Cong. Appl. Chem. 
1912 ; Lathrop, Chem. Zentr. 1917, II, 560). 

The preparation of histidine usually involves 
its isolation from the products of protein 
hydrolysis, and methods by which this is 
effected can be seen from the foUowing examples. ! 
Vickery and Leavenworth (J. Biol. Chem. 1928, 
78, 027), and also Mendel and Vickeiy (Carnegie 
Inst. Washington Yearbook, 1929, 28, 367) 
hydrolyse hamoglobin and then precipitate the 
silver-histidine compound at 7*0 or 7*4. 


After removal of the silver, the histidine is 
separated from most of the accompanymg 
amino-acids by precipitation mth mercuric 
sulphate (Hopkin’s reagent) and recovered by 
treatment with hydrogen sulphide. The his- 
tidine is crystallised at the isoelectric point and 
further purified by crystaUisation of the dihydro- 
chloride. The base may be conveniently re- 
covered by neutralisation to p^ '7*2 with mag- 
nesium oxide, advantage being taken of the 
solubility of magnesium chloride in alcohol. 
Smorodincev described the hydrolysis of ox 
blood with concentrated hydrochloric acid. 
The excess acid was evaporated, the solution was 
made sh'ghtly alkaline, boiled to drive off am- 
monia and precipitated with mercuric chloride ; 
the precipitate was dissolved in hydrochloric 
acid and reprecipitated with mercuric chloride 
and sodium carbonate, then decomposed with 
hydrogen sulphide and filtered. Evaporation 
of the filtrate gave the histidine hydrochloride 
(43 g. from 1 kg. of dry blood) (Biochem. Z. 
1930, 222, 425). The mercuric chloride method 
is more direct, less costly and gives a better 
yield than the silver oxide method (Abder- 
halden et al. Amer. Chem. Abstr. 1929, 23, 
2994). In the treatment according to Kapf- 
hammer and Sporer (Z. physiol. Chem. 1928, 
173, 245) of protein hydrolysates, arginine is 
first removed as the flavianate and the filtrate 
is treated with Reinecke’s acid, 

[(SCN),Cr(NH3)2]H. 

The precipitate contains histidine, hydroxy- 
proline, and proline, and is decomposed by sus- 
pending in methyl alcohol and treating wth 
copper sulphate which precipitates the Reinecke 
acid. Excess copper is removed with hydrogen 
sulphide and sulphuric acid with baryta ; addition 
of picrolonic acid now precipitates histidine 
which can be recovered as the dih 3 ’’droch]oride 
(12*2 g. from 250 g. haemoglobin) by decom- 
posing the precipitate with concentrated hydro- 
chloric acid, filtering and evaporating. The 
hydroxyproline and proline can be separated 
with cadmium chloride which precipitates the 
latter. For the separation of histidine from 
hydrolysed blood corpuscle paste by Foster and 
Schmidt’s method of electrical transport ( J • 
Amer. Chem. Soc. 1926, 48, 1709), see Cox, King 
and Berg, J. Biol. Chem. 1929, 81, 755. Since 
cystine is precipitated by silver oxide at p^ 6 
it may occur in the crude histidine fractions 
from proteins ; its copper salt, however, is very 
insoluble and these fractions may be freed from 
cystine by boiling with copper hydroxide, cooling 
and filtering (Vickeiy and Leavenworth, ibid. 
1929, 83, 523). For the separation of histidine 
from histamine and choline by electrodialysis, 
and also the recovery of the base from the di- 
picrate, platinichloride, etc., by this method, 
see Gebauer-Fiilnegg and Kendall, Ber. 1931, 
64 [E], 1067. Quantitative separation of 

histidine from arginine may be obtained by 
adding an excess of a soluble silver salt and 
adjusting the pg: value to 7-0 by careful addition 
of barium hydroxide solution. A second preci- 
pitation as the silver compound gives histidine 
free from arginine. The latter is precipitated as 
the silver salt at pn 10—11. The histidine is 



HISTIDINE. 


233 


conveniently recovered from the precipitate by 
decomposition with hydrochloric acid (Vickery 
and Leavenworth, J. Biol. Chem. 1927, 72, 403 ; 
75, 115 ; sec also Rosedale, Biochem. J. 1929, 
23, 161). According to Biissit (Bull, Soc. Chim. 
biol. 1934, 16, 727), Hopldn’s mercuric sul- 
phate reagent does not give quantitative separa- 
tion from arginine. Separation of histidine from 
tyrosine may be effected by means of a reagent 
containing mercuric chloride, sodium acetate 
and sodium chloride, tyrosine remaining in 
solution (Lang, Z. physiol. Chem. 1933, 222, 3). 

The constitution of histidine as a-amino-^- 
glyoxaline-5-propionic acid, has been established 
by the work of Erilnkel, Pauly, Knoop and 
Windaus, and of Pyman. Frankel (Monatsh. 
1903, 24, 229) showed that histidine contains a 
carhoxyl-grouj), since it displaces carbon dioxide 
from silver and copper carbonates, and an 
ojnfno-group because on treatment witii hypo- 
bromite or nitrous acid one nitrogen atom is 
removed and a liydroxyl group introd.uced. 
Frankel therefore represented histidine by the 
partly expanded formula 

NHa-CjHoNa-COoH, 

and gave the name Mslina to the complex 
— CgHgNj — , and hydroxydmminohislidinc or 
1iydroxyhislinecarboX7jlic acid to the compound, 
HO'CsHgNj'COjH, obtained from histidine 
by the action of nitrous acid. Pauly (Z. 
physiol. Chem. 1904, 42, 613) confirmed the 
presence of the carboxyl group in histidine by 
preparing the methyl ester, and proved that the 
histine complex — CbHcNj — contains an imino 
group, because histidine yields a dinaphthalene- 
sulphonyl derivative, and forms a red dye with 
diazobenzenesulphonic chloride. These con- 
siderations, and the stability of the compound, 
led Pauly to conclude that the comple.x hisline 
contains an iminazolo (glyoxaline) ring, and that 
histidine has the constitution I, 

This conclusion has been confirmed by Knoop 
and Windaus (Beitr. chem. Physiol, Path. 1905, 
7, 144), who obtained glyoxaline-5-propioiiic 
acid {iminazolyl-B-propionic acid). 


NHCH. 

' > 

CH=:N/ 


CCHjCHgCOgH 


by reducing Frankel’s hydroxyhistinecarboxylic 
acid, and showed that it was identical with the 
synthetic product prepared by the action of 
formaldehyde and ammonia on Wolff’s glyoxyl- 
propionic acid (Annalen, 1890, 260, 79). Of. 
Prankel (Beitr. chem. Physiol. Path. 1907, 19, 

Knoop {ibid. 1907, 10, 111) also showed that 
by the successive oxidation of hydroxyhistine- 
carboxylic acid, glyoxaline-5-carboxylic acid 
is, obtained which, when heated at 286°, loses 
carbon dioxide and yields glyoxaline. 


NHCHv 

I 'Sc-COoH 

CH=N/ 


NH-CHv 
! >CH 
CH=N/ 


The complete synthesis of histidine is described 
by Pyman (J.C.S. 1911, 99, 1386). 6-ChIoro- 


methylglyoxalino (II), obtained from diamino- 
acetone {ibid. 668), condenses with ethyl 
sodiochloromalonato to form the compound III. 
This ester on hydrolysis is converted into dl-a- 
cldoro-P-glyoxaline-5-propiomc acid (IV), which 
reacts with ammonia to form df-histidine (I), 

NH-CHv 

I ^C-CHaCI ->'’^C-CH2-CCl(C02Et)2 
CH=:N/ / > 

II. 

^C-CHg-CHChCOaH I. 

IV. 

Pyman (ibid. 1916, 109, 186) also synthesised 
f/Miistidino from benzoyl-(/^-histidine (see below) 
by boiling this for 4 hours with 20% aqueous 
hydrochloric acid. 

Histidine gives the biuret reaction (Herzog, 
Z. physiol. Chem. 1903, 37, 248). It also gives 
the Wcidel pyrimidine reaction (Frankel, l.c.). 
With diazobenzenesulphonic chloride in the 
presence of sodium carbonate, histidine gives a 
dark cherry-rcd coloration, becoming orange on 
the addition of an acid (Pauly, Z. physiol. Chem. 
1904, 42, 608 ; 1915, 94, 427). This is a very 
sensitive test for iminazolo derivatives, and 
amongst the products of protein hydrolysis only 
histidine and tyrosine give this reaction. It may 
be used to detect histidine in the presence of 
tyrosine after addition of benzoyl chloride 
(Inouye, ibid. 1 913, 83, 79) or after a preliminary 
separation with mercuric cliloride (Lang, l.c.). 
If the coloured solution obtained by Pauly’s 
reaction is reduced, e.g. with zinc dust and hydro- 
chloric acid, and then made strongly alkaline 
with ammonia, the presence of histidine is indi- 
cated by the formation of a bright golden-yellow 
colour (Totani, Biochem. J. 1915, 9, 385). 
Histidine develops a yellow colour with bromine 
water ; this disappears on warming but after a 
time a pale red colour appears, which afterwards 
deepens to a wine-red. The reaction is sensi- 
tive to concentrations of 1:1,000 but is vitiated 
by too largo excess of bromine water (Knoop, 
Beitr. chem. Physiol. Path. 1908, il, 356). For 
testing urine, the reaction is best conducted in 
faintly acid solution (Armstrong and Walker 
Biochem, J. 1932, 26, 143) ; for further improve- 
ments, see Hunter, Amer. Chem. Abstr. 1923, 17, 
574; cf, ibid. 1936, 30, 7604. Bromination of 
histidine in 33% acetic acid gives a black sub- 
stance which dissolves in concentrated ammonia 
with a purple-rod, and in ammonium carbonate 
with a strong blue-violet coloration, the intensity 
of which is proportional to the concentration of 
histidine. This reaction is sensitive to 1:50,000 
and is specific, but histamine gives a weak 
golden-yellow and methyUiistidino a very pale 
reddish-violet colour (Kapeller-Adler, Biochem. 
Z. 1933, 264, 131). 

Colorimetric methods of estimating histidine 
based on Pauly’s and Kapeller-Adler’s reactions 
have been devised. Thus diazotised sulphanilic 
acid is used by Weiss and Sobolev (Biochem. Z. 
1913, 58, 119) in the presence of sodium ca?- 
bonate and comparison is made with an idonti- 
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elimination of ammonia appears to be the main 
reaction and maj'- account for 90% of the histi- 
dine decomposed (Lieben and Urban, Biochera. 
Z. 1931, 239, 260) ; the residue of the molecule 
becomes iminazolylacetaldehj'^de (Szendro, Arch, 
ges. Physiol. (Pfliiger’s), 1931,228, 743). In the 
absence of oxygen, decarboxjdation to liistaraine 
takes place and has been demonstrated by isola- 
tion and characterisation of the base (7 mg. from 
1 g.) (Holtz, Klhi. Woch. 1933, 12, 1013; 
Arch. exp. Path. Pharm. 1934, 175, 97) and 
pharmacological tests (Bourdillon, Gadduni and 
Jenkins, Proc. Roy. Soc. 1930, B, 106, 388). For 
this reaction light of -wave-length shorter than 
2,650a. is much more active than the longer 
wave-lengths, also the effect is slight in acid 
solution but very intense in allcaUne (Lieben, 
Biochem. Z. 1927, 184, 453 ; Bourdillon el al., 
I.C.). Histidine (and other amino-acids) is 
adsorbed from aqueous solution on activated 
carbon, a very marked maximum being shorni 
at the isoelectric point (Phelps and Peters, Proc. 
Roy. Soc. 1929, A, 124, 654 ; Ito, J. Agile. Chem. 
Soc. Japan, 1936, 12, 204). 

When histidine is administered as a food, or b 3 '- 
intravenous injection, verj’’ little (0-4 g. out of 
10 g.) is recoverable as such from the urine ; the 
creatinine (Abderhalden and Buadze, Z. physiol, j 
Chem. 1931, 200, 87), urea and ammonia in the i 
urine are largely increased but the increase of 
allantoin is very slight (Abderhalden, Einbeck 
and Schmid, ibid. 1909, 62, 322 ; 1910, 68, 395 ; 
Abderhalden, ibid. 1911, 74, 481 ; Abderhalden 
and Weil, ibid. 1912, 77, 435 ; Kowalewskj', 
Biochem. Z. 1909, 23, 1). Both d- and 1-forms 
are utilised in the animal organism, but the d-form 
is rather less efficient in promoting the growth 
of rats on a histidine-deficient diet (Cox and 
Berg, J. Biol. Chem. 1934, 107, 497). The d- 
form can be obtained from the urine of rabbits 
fed on di-histidine. Histidine markedly in- 
creases the glycogen mobilisation effect of 
adrenaline (Taniuchi, Folia pharmacol. japon. 
1930, 10, No. 164), and also reduces the co- 
agulation time of blood (Burger, Klin. Woch. 
1936, 15, 550). It appears to be the precursor 
of the erythema-causing irritant which is 
formed in the human skin during exposure to 
ultra-violet light (Frankenburgor and Zimraer- 
mann, Naturwiss. 1933, 21, 116). It has been 
found of use in the treatment of gastric and 
duodenal ulcers (Weiss and Aron, Compt. rend. 
Soc. Biol. 1933, 112, 1630; Eads, Amer. J. 
Digest. Dis. Nutr 1935, 2, 426) ; and in con- 
junction with tryptophan, in the treatment of 
hay-fever (Lenormand, Presse med. 1933, 41, 
1141). For the catabolism of histidine in the 
animal organism, see Dakin and Wakeman, 
J. Biol. Chem. 1912, 10, 499, and as the fore- 
runner of purine bodies in animal metabolism, 
see Ackroyd and Hopidns (Biochem. J. 1916, 
10, 551). 

Z-Histidine administered subcutaneously to 
rabbits is excreted as urocanio acid (iminazotyl- 
acrylic acid). The fungus, Oidium lactis, converts 
it into the saturated iminazolylpropionic acid 
(Kiyokawa, Z. physiol. Chem. 1933, 214, 38). 
When histidine undergoes anaerobic bacterial 
cleavage by the action of putrefying pancreas, 
it is converted almost quantitatively by the loss 


of carbon dio.xide into b-p-amhioelhylglyoxalhie 
(/?-iminazolylethylamine, histamine). 


NH-CH. 

I ^C-CHg-CHg-NH 
CH=N/ 


2 


iminazolyl-S-'propionic acid {v. p. 2336), being the 
other product {see Ackermann, Z. physiol. Chem. 
1910, 65, 504). The 5-jS-aminoethjdglyoxaline 
thus obtained is identical -with the base prepared 
synthetically by Windaus and Vogt (Ber. 1907, 
40, 3691) from ethyl iminazoljdpropionate or by 
Pj'man (J.C.S. 1911, 99, 668) from diamino- 
acetone, and is also identical with the ergot 
base histamine isolated by Barger and Dale 
(Phil. Trans. 1910, 2592) which is also 
present in Popielski’s vasodilatin (Barger and 
Dale, J. Physiol. 1911, 41, 499); see Mellanby 
and Twort (J. Physiol. 1912, 45, 53) who isolated 
a bacillus of the colon group which splits off 
carbon dio.xide from histidine and converts it 
to histamine. Bacillus call communis trans- 
forms histidine into histamine to the extent of 
50% in the presence of glycerol or dextrose and 
potassium nitrate or ammonium chloride 
(Koessler and Hanke, J. Biol. Chem. 1919, 39, 
539; 1920,43,529,543). Raistrick (Biochem. J. 
1917, 11, 71 ; 1919, 13, 446); found that bacteria 
of the (7oZZ-typhus group convert histidine into 
urocanic acid in certain media. Z-Histidine is 
converted to the extent of 1 1% into d-j8-iminazo- 
tyllactic acid by the prolonged action of Proteus 
vidgaris in a protein-free nutrient medium 
(Hirai, Acta Schol. Med. ICioto, 1919, 3, 49). 

A possible explanation of the formation of 
histidine in the plant economy is afforded by 
the work of Knoop and Windaus (Beitr. chem. 
Physiol. Path. 1905, 6, 292 ; Ber. 1906, 39, 3886 ; 
1907, 40, 799) on the synthetic formation of 
iminazole derivatives from sugars and ammonia. 
These authors find that Avhen a solution of 
glucose containing zinc hydroxide dissolved in 
ammonia is exposed to sunlight at the ordi- 
nary temperature for some weeks, it is converted 
to the extent of 10% into 5-methyliminazole. It 
is probable that methylglyoxal and formalde- 
hyde are produced as intermediate products arid 
then react with the ammonia according to the 
equation 

MeCO HgN H. 

! + -f >CH = 

■ CHO H3N 

MeC— N 

^CH-hSHaO 

CH-NH 

eZ-Mannose, d-fructose, d-sorbose, Z-arabinose 
or Z-xylose also jueld methyliminazole when 
similarly treated. The authors suggest that 
histidine may be formed naturally by the con- 
densation of methyliminazole with glycine, and 
simultaneous oxidation : 

NH-CH. 

1 '>C-CH3-1-CH„(NH„)C02H+0 = 

CH=N/ 

NH-CHv 

I 'jC-CHyCHiNH„}CO„H+H,0 

CH=N/ 
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Enzymes from the liver of various animals 
cause decomposition of histidine with elimina- 
tion of ammonia (Kauffmann and l^IisloAvitzer, 
Biochem. Z. 1930, 226, 325; 1931, 234, 101); 
the same type of decomposition is induced by 
boiling with bone black {Lieben and Benek, 
ibid. 1935, 280, 88 ), Electroh'lic oxidation of 
histidine leads to the formation of carbon 
dioxide, ammonia and malonic acid, probably 
througli the intermediate formation of aspartic 
acid (Takayama and Oeda, J. C'hcm. Soc. Japan, 
19.34, 55, 049; Bidl. Chem. Soc. Japan, 1934, 
9, 535). Oxidation with sodium In-pochloritc 
or hydrogen peroxide or permanganates causes 
liberation of carbon dioxide and ammonia 
(Herzog, Z. physiol. Chem. 1903, 37, 248; 
Karyagina, Arch. Sci, biol. U.S.S.R. 1935, 37, 
372 (in German, 370) ; Lieben and Baumingcr, 
Biochem. Z. 1933, 261, 387). O.xidation with 
dichromato and sulphuric acid 3 'ields acetic and 
h 3 'drocyanic acids (Frankel, Beitr. chem. 
Physiol. Path. 1900, 8 , 159). Sodium hypo-! 
chlorite (1 mol.) converts histidine rnonoln'dro- 
chloride into iminazol 3 -l- 5 -acetaIdeh 3 ^de (Lang- 
held, Ber. 1909, 42, 2373; Chem. Zentr. 1910, 
11, 1104). For the rate of reaction with form- 
aldeh 3 'de in 0-1 A’'-sodium h 5 'droxide at .37°, 
Holden and Freeman, Austral, J. Exp. Biol. 
1931, 8 , 189. When warmed with acetic an- 
h 3 'dridc in p 3 m'dine, carbon dioxide (1 mol.) is 
liberated and the product, when evaporated with 
10 % h 3 ’drochlorie acid, gives colourless prisms, 
m.p. 205-200°, of 4 -iminazol 3 ’l- 3 -amino-butan- 
2 -one dih 3 'drochlorido, 


NHCH. 

1 > 

CH— N/ 


C-CH2-CH(NH2)-C0-CH3-2HCI 


(Dakin and We.st, J. Biol. Chem. 1928, 78, 74.5). 

Z-Histidine forms stable salts with acids and 
their solutions are de-xt^orotato^ 3 ^ 
Monoliydrocldoride, CeH 0 O 2 N 3 'HCI,H 2 O, 
forms large colourle.ss rhombic cr 3 ' 8 tals, a:h:c 
=0-796.5;l:l'7H0, has [aty -fI-74°, m.p. 80°, 
and loses water at 140° (Kossel, Z. physiol. Clicm. 
1896, 22, 176; Hedin, ibid. p. 191; Bauer, ibid. 
pp. 182, 285 ; Kossel andKutscher, ibid. 1899, 28, 
382; Frankel, Honatsh. 1903, 24, 229). It is 
fairly soluble in water, insoluble in alcohol and 
ether (Herzog, Z. phy.siol. Chem. 1890, 22, 193). 
The dihydrochloride, CgH 0 O 2 N 3 - 2 HCI, forms 
rhombic tables, a;5:c=0-76537:l:l-77510, Iso- 
morphous with the jnonoh 3 ’drochloride (Kossel 
and Kutscher, l.c. ; Schwantke, ibid. 1899, 28, 
386; 1890, 29, 492); it has m.p. 196° (245°, 
Kossel and Kutscher, l.c.) and [a]^ -f7-6° 
(Abderhalden and Einbeck, ibid. 1909, 62, 330)- 
Hislidine Cadnimm Chloride, 

CcHgO^Ns-HCl-CdCl^ 


n isl idine Phosphotungslale, 

(CoH0O2N3)3-2H3PO4-24WO3, 

cr 3 '.stallises without water of ciy'stallisation 
(Wechsler, Z. ph 3 'sioI. Cliem. 1911, 73 , 140). 
The nilrafe, CgH 902 N 3 - 2 HN 0 g, crystallises in 
prisms from w'ater, m.p. 149-152° (Franka, 
IVlonatsh, 1903, 24, 24.3). The reineckaie, 

C®4^L4H20, 

is precipitated from a .solution made acid to 
Congo Bed. Its .solubility, 0-2948-0-3044 g. in 
100 c.c. is greater than that of the camosine 
compound and it can be used for their separa- 
tion (Smorodincev, Biochem. Z. 1930, 222, 425). 
The monopicrolonale, CcHgOjNj-CjoHgO-N^, 
cr 3 ’stallises in 3 'ellow needle.s (Kossel and Pringle, 
Z. physiol. Chem. 1905, 49, 319 ; Weiss, ibid. 52, 
113; Brigl, ibid. 1910, 64, 337, 339; Steudel, 
ibid. 1905, 44, 157) ; 1 part is soluble in 150 
parts of water; the dipicrolonate is orange. 
The di-m-bromopicrolonate decomposes at 216- 
218° (Zimmermann and Cuthbertson, ibid. 1932, 
205, 38). The dipicrale, C 3 gHi 50 ioNg, 2 H 20 , 
has m.p. 86 ° (corr.) (Pyman, J.C.S. 1911, 99, 
34.3); the pentahi^drate, CjgHisO^gNg.SHjO, 
has m.p. 80° (Hugounenq and Florence, Bull. 
Soc. Chim. biol. 1919, 1, 102). The di-2:i- 
dinitro-l-7iaph(hol-l-8ulphonale separates in j'el- 
Io 4 v needles containing IHjO and decomposing 
at 251-254°, depending on the rate of heating. 
The free base or its salts can be recovered by 
decomposing the compound with dilute acid 
and extracting the reagent with butyl alcohol 
(Vickery, J. Biol Chem. 1927, 71, 303). The 
2:G-diiodo-l-phenol-4:-sulpho7iate (sozoiodolate) 
decomposes at 207-208° and 1-938 g. dissolve in 
100 g. of water at 16° (Ackermann, Z. physiol. 
Chem. 1934, 225, 46). The riifmnale (qninizarin- 
2 -sulphonate) is .sparingty soluble in water but 
the base can easily be liberated wdtb barj-ta 
(Zimmermann, ibid. 1930, 188, 180). 

\-Histidi ne-d-lnjdrogen Tartrate, 

C5Hg02N3-C4Hg0g, 

is easily soluble in water, crystallises in large 
well-defined prisms, and decomposes at 172- 
173° (corr.) and has [ 0 % -f 16-3°. l-Hislidine-1- 
hydrogen tartrate is sparingly soluble in cold 
water, crj'staUises in clusters of prisms and de- 
composes at 234° (corr.), and has [ajj, —12-1° 
(Pyman, J.C.S. 1911, 99, 1397, 1400). 

The histidine silver compound is formed as an 
amorphous precipitate which, at 100 °, has the 
composition AggCgH^OgNg.HgO ; it is soluble 
in ammonia (Hedin, Z. physiol. Chem. 1896, 22, 
194). 

Debivatives. 

Histidine Meihyl Ester Hydrochloride, 
Cr,H^NyC02Me,2HC], 


melts and decomposes at 270-275^,^ is veiy 
soluhle in water hat almost iasolahle in hot or 
cold methyl or ethyl alcohol (Schenck, ibid. 
1904, 43, 73 ; cf. Kutscher, Chem. Zentr. 1 908, 
I, 404). Histidine gives a complex copper salt, 
CulCgHgOaNglg (Kober and Sugiura, J. Biol. 
Chem. 1913, 13, 5), and a compound with iron, 
FelCgHgOgNg)^ (G.P. 266522). 


forms flat rhombic prisms, m.p. 196° (deconip.) ; 
the free ester is an oil (Pauly, ibid. 1904, 42, 608 ; 
Fischer and Cone, Annalen, 1908, 363, 108). 
Hislidine anhydride, CjgHj^OgN 5 , forms glitter- 
ing prisms, m.p. 340° (Fischer and Suzuki, 
Sitzungsber. K. Akad. Wiss. Berlin, 1904, 1333; 
cf. Abderhalden and Geidel, Fermentforsch. 
1931, 12, 518); the Z-anhydride has m.p. 
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328° in a closed evacuated tube, erystallises 
with 2JH2O, and has [ajp'j — 66'24° in normal 
hydrochloric acid solution ; the dZ-anhydrido 
also has m.p. 328°, and is obtained by heating 
the ethyl ester of histidine at lG0° (Pauly, Z. 
physiol. Chein. 1910, 64, 75) ; the pZeraZe decom- 
poses at 255° (corr.) ; the hydrochloride at 320°. 
Ohlorohislidinecarboxylic acid {a-chloro-^-imin- 
azolylpropionic acid) forms thick prisms, m.p. 
191° (decomp.), the corresponding racemic com- 
pound decomposes at 201° (corr.) (Pyman, J.C.S. 
1911, 99, 1394), the oxalate of the ethyl ester has 
m.p. 161° (Windaus and Vogt, Beitr. chem. 
Physiol. Path. 1908, 11, 40G). N-Garbohenzyl- 
oxy-l-histidine, 

C3H3N2-CH2-CH(CO„H)NHCOOCH2CoH 

has m.p. 209° (Bergmann and Zervas, Ber. 
1932, 65 [B], 1192). [^:H'-histidine-disid 2 dtonic 
acid is obtained in the form of potassium salts 
by the action of N-pyridiniumsulphonic acid and 
potassium carbonate on histidine at -fl0° 
(Baumgarten, Marggraif and Daminann, Z. 
physiol. Chem. 1932, 209, 145). 

dl-3-Meihylhistidine is formed during the 
hydrol3'sis of .anserine (q.v.) with baryta; it 
decomposes at 248-252° with foaming and the 
nitrate decomposes at 144-14G° (Linneweh, Keil 
and Hoppe-Seylcr, ibid. 1929, 183, 11). Z-3- 
Bfethylhistidine is obtained if the hj'drolj'sis of 
anserine is carried out with 20% sulphuric acid ; 
it crystallises with IHjO, m.p. 248-249°, [a]if 
— 26'98°; nitrate, m.p. 21G° ; picrolonato, m.p. 
246°, sintering at 240° (Linneweh and Linneweh, 
ibid. 1930, 189, 80). 

Direct meth3dation of histidine affects the 
glyoxaline ring. Under certain conditions there 
may be obtained pentamethylhislidine which 
forms a stable chloride and a sparingly soluble 
aurichloride, CjiiHgiOgNgAUaClg, m.p.' 220°, 
but which does not respond to the diazo-reaction 
(Engeland and Kutscher, Chem. Zentr. 1913, I, 
28). 

Trimethylhislidine [herzynine), the betaine 
corresponding to histidine, 


NH-CH 


V-CHa-CH 


N(CH3)3 

+ 


CH=N/ 


\ 

CO 


occurs in fungi, e.q. in Bolelns edulis (Winter- 
Steiner and Reuter, Z. physiol. Chem. 1913, 86, 
234), it is not known in the free state, but has 
been isolated as the aurichloride. 


UgHj^^OaNaAUaClg, 

m.p. 183° (decomp.) (Engeland and Kutscher, 
Z.c. ; Zentr. Physiol. 1912, 26, 569). Barger and 
Ewins (Biochem. J. 1913, 7, 204) proved the 
identity of specimens obtained from various 
sources. The picrate has m.p. 201-202°, the 
dipierate, m.p. 213-214° and the picrolonate, 
m.p. 229-230°. See also Barger and Ewins, 
J.C.S. 1911, 99, 2340 ; Kiing, Z. physiol. Chem. 
1914,91,249. 

Formyl-l-histidine is formed when histidine 
is heated with anhydrous formic acid (Eischer 


and Cone, Annalen, 1908, 363, 116) ; it crystal- 
lises in needles from mcth3d alcohol, m.p. 203° 
(decomp.), is very easily soluble in water, and 
gives a deep red colour with diazotised sul- 
phanilic acid. Benzoyl-\-histidine, obtained by 
the Schotten-Baumann method, forms colour- 
less crystals -f-1 HgO, m.p. 249° (decomp.) 
(Pauly, Z.C.; Erankel, l.c.; Gorngross, Z. physiol. 
Chem. 1920, 108, 54) ; it is insoluble in water and 
organic solvents but easily soluble in alkalis. 
In a solution faintly alkahne with sodium 
hydroxide, it smoothly takes up 2 atoms of 
iodine on the carbon atoms of the iminazole ring 
(Strauss and Jlaschraann, Ber. 1935, 68 [B], 
1108; Pauly, Ber. 1910, 43, 2243). Benzoyl-dl- 
histidine (from a-benzoylamino-^-iminazolyl- 
acrylic acid on reduction rvith sodium amalgam 
in aqueous suspension), has m.p. 248° (corr. 
decomp.) ; it crystallises in hard, glistening 
prisms with 1 HjO, which is lost at 115°. The 
hydrochloride cr3’stallises from water in hard, 
glistening prisms, m.p, 232° (corr., foaming). 
The picrate crystallises in bunches of yellow 
feathery needles, m.p. 226° (corr.) (Pyman, 
J.C.S. 1916, 109, 195). Benzoylation of histidine 
methyl ester 3deldB a tri benzoyl derivative, 

CH(NHBi):C(NHBz)CHi,-CH(NHBz)C02Me 

m.p. 219° (not sharp), which does not give the 
red colour with diazotised sulphanilic acid; on 
heating, the iminazole ring closes again and the 
product gives the characteristic colour reaction 
(Kossol and Edlbaeher, Z. ph3'siol. Chem. 1915, 
93, 396 ; cf. Inouye, l.c., who points out that 
m order to obtain the colour reaction excess o 
benzoyl chloride must not be present). The 
azlactone of benzoylhistidine is obtained from 
benzoylhistidine and hydrazine h3'drate and has 
m.p. 215° (KGster and Irion, ibid. 1929, 184, 
225). p-Nitrobenzoylhislidine has m.p. 251- 
252° (Pauly). a-Phlhalylhislidine is formed by 
fusing histidine with phthalic anhydride at 180- 
200°; it has m.p. 188°, picrate, m.p. 251°; the 
methyl ester has m.iJ. 187° and its hydrochloride 
m.p. 238-240°; the ethyl ester has m.p. 195°.. 
d-a-Bro7noisohexoyl-l-histidine methyl ester, 

C4Hg-CHBr-C0-NH-CH(C4H5N2)C02Me, 

d-a-bromoisohexoyl-l-hislidine, CijHjgOgNgBr, 
has m.p. 118° (corr.); l-leucyl-l-histidine, 
C4Hg-CH(NH2)-C0-NH-CH(C4H5N2)C02H, 
crystallises in plates or prisms containing water 
which is lost at 100°/16-20 mm., and has m.p, 
178° (corr. decomp.) ; the copper salt forms deep 
violet crystals ; glycyl-l-histidine melts at 130- 
155° ; dl-alanyl-l-histidine crystaUies with 1 HjO 
(Abderhalden and Geidel, l.c.) ; \-histidyl-\- 
hislidine forms a lemon-yellow picrate, 

which crystallises from water in prisms ; on 
heating in vacuo at 80° it becomes orange-yellow 
and has m.p. 165-175° (Fischer and Suzuki, l.c.). 

M. A. W. 

H I STOZYM E {v. Vol. IV, 315a). 

HITTORF TRANSPORT (OR TRANS- 
FERENCE) NUMBER. When an electric 
current is passed through a solution of an 
electrolyte, eqxuvalent quantities of each ion are 
discharged at the electrodes, as required by 
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Faraday’s Jaw. TJie current, liowever, is not 
usually carried equally by tbe two ions, since 
the ions move at different speeds. This gives 
rise to an unequal change in quantity of elec- 
trolyte round each electrode. The loss of 
electrolyte round each electrode is proportional 
to the speed of the ion moving away from the 
electrode. The transport (or transference) 
number of an ion gives the fraction of the total 
current carried by that ion. 

If il and V are the mobilities of the cation and 
anion respectively (?.c. their velocities in cm. 
per sec. for a potential gradient of 1 volt per 
cm.) the transport numl)ers of the cation, iic, 

and of the anion, ??«, are 7?c=. , and 

(?/-{- a) 


"" («+ 7 ^)' 


Altemativo sj'rabols are 7+ and/_. 


Since nc+na—\, it is necessary to know only 
one of these in order to calculate tlic other, and 
very often the anion transport number is called 
simply the “ transiiort number,” and denoted 
by 11 . ^ 

Unlike the mobilities of the separate ions, the 
transport number varies from salt to salt, c.g. 
the transport number of the Cl' ion is different 
for KCl and N aCI. It is clear that b3’’ measuring 
the quantity of elcctrol3de present round an 
electrode before and after electroR’^sis, the trans- 
port number, n, can he calculated. 

There are various t3q)cs of apparatus in use 
(see H. S. Ta3dor, “ Ph3'sical Chcmi.str3’-,” 
Macmillan, 1930, Vol. I, p. 080; A. Findla3% 
‘ Practical Ph3’sical Chemintry,” 7tli ed., 
Longmans Green, 1935, p. 18G). Fig. 1 is a 
diagram of the apparatus used 1)3' Nernsb and 
Loeb (Z. physikal. Chem. 1888, 2, 918). All 
types of apparatus utilise the same principles, 
which are as follows : 

A quantity of electricit3', measured b3' a 
couloraeter in series with the apparatus, is 
passed through a solution of an electroR'te of 
knouTi concentration. Tlie solutions (anolyte 
• and cathotyte) round the electrodes are 
separated to prevent mixing, convection and 
heating of the solution being minimised b3' 
using a weak current (0-01-0-02 amp.) for two 
hours or more. At the end of this time, the 
liquid in the anode or cathode compartment is 
withdra\vn and analysed. The liquid between 
the anode and cathode is also )vithdra)vn and 
analysed, and should not have changed in com- 
position. Any change indicates that mixhig has 
occurred. 

It is advisable, where possible, to prevent the 
evolution of gas bubbles. A soluble anode, e.g. 
Cu in CUSO4, Agin AgNOg, is thus often used, 
but in the calculation of transport numbers 
account must be’ taken of the metal dissolved 


from the anode. 

In the case of the alkali halogenides, gases 
are evolved at both electrodes. The evolution of 
hydrogen can be avoided by using a mercury 
cathode covered with a solution of zinc chloride 
or copper nitrate. If a cadmium anode is used 
for the electrolysis of sodium chloride solution, 
cadmium chloride is formed at the anode, and 
the Cd” ions migrate to the cathode. However, 
they move much more slowly than the Na' 


ions, and do not catch up with the latter. At 
the cathode, all the CP ions have migrated 
awa3', and are replaced by OH' ions from the 
water, and as these are fast ions, there is mixing. 
Hydrogen is evolved, but as it rises from the 
cathode in the upper part of the apparatus, 
mi.xing docs not occur in the buUc of the solution. 

In his original work Hittorf (Ann. Physik, 
1858, 103, 1) empIo3'ed membranes to separate 
the anolyte and cathoRde. It was found by 
Bein that such membranes may influence the 
speed of the ions, and they are no longer used, 

Hittorf {I.C.), Lenz (Ann. Phy'sik Beibl. 1883, 
7, 399) and Jahn (Z. physUcal. Chem. 1901, 37, 
G73) used a ground glass stopper to separate the 
anolyte and catholyte after the experiment. 
IVeiske (Ann. Physik, 1858, 103, 466) and Rieger 



used a wide- bore stopcock for this purpose, 
No3'es (Z. physikal. Chem. 1901, 36, 63) devised 
an apparatus so that the liquids round the 
electrodes could be kept neutral dming elec- 
trolysis by constantly adding acid or alka,h. 
In Findlay’s apparatus (A. Findlay, op. cit.. 
Fig. 81) the electrodes are in two bulbs joined 
by a U-tube, thus decreasing the resistance and 
minimising heating and convection currents. 
The calculation for an experiment using the 
Nemst and Loeb apparatus shown in Fig. L 
which is typical of all t5'pes of measurements, is 
as follows : 


The anode A is a thick silver wire sealed into a glass 
ibe which is placed in the longer arm of the vessel, 
luring the experiment the amount of solute arouna 
le anode increases, and the heavier layer of solunon 
irms there. B is a cathode of silver foil or wire, my 
oparatus is placed in a thermostat and the e^eri- 
lents carried out as described above (N'emst ana 
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Loeb, I.C.). At tliD end of the experiment the liquid ^ 
between a-b is foreed out of the side arm 0 and analysed. 
The liquid in the middle compartment b-c is also with- 
drawn and analy.sed. The total decomposition is 
obtained from the weight of silver deposited in the silver 
coulometer in series with the apparatus. 

In an experiment 1 g. of the silver nitrate solution 
contained 0-001136 g. Ag and 0-9982 g. HjO. In 
electrolysis with a silver coulometer In scries, 0-0322 g. 
Ag was deposited in the coulometer and an equal 
weight therefore dissolved from the anode in the trans- 
port apparatus. After the experiment the anode liquid 
contained 0-03955 g. Ag associated with 20-03 g. H,0. 
In the original solution this weight of water -was 
associated with 0-02280 g. Ag, hence 0 03955-0-02280 
=0-01075 g. Ag have been added to the anode liquid. 
The loss by migration is thus 0-0322—0-01675=0-01545 

g. Ag, and the transport number of Ag is q T q^^ ' ~ 9-^'' 

That of NO3 is 1-0-479=0-521. 

The' Hittorf method is satisfactorj’- if the 
experiment is carefully carried out, but in the 
case of very dilute solutions a solvent correction 
is necessary for conducting impurities in the 


solvent, -which carry part of the total current. 
If kq and K are the conductivities of the solvent 
and solution, respectively, 

'^1 

‘^^corrected “ observed { f") 

V K 

When determining transport numbers, the 
possibility of complex ion formation must be 
borne in mind. Cadmium iodide shows a 
transport number greater than unity in con- 
centrated solutions, because the complex ion 
Cdl 4 " is formed, and cadmium is carried to, 
instead of from, the anode. 

The modem theory of electrolytes indicates 
that the transport number is not a true con- 
stant, but depends on concentration. The 
values given below are thus extrapolated to 
infinite dilution (c/. Dole, J. Physical Chem. 
1931, 35, 3647 ; Glasstone, “ Electrochemistry 
of Solutions,” Methuen, 1937, p. 166). 


Cation Transport Noaibers at 18° o. 




Concentration in 

gram.-equivalcnt's per litre. 


Electrolyte. 









0-005 

0-01 

0-02 

0-05 

0‘1 

0-2 

0-5 

Litliium chloride . 



0-332 

0-328 

0-320 

0-313 

0-304 



Sodium chloride 

0-397 

0-397 

0-396 

0-393 

0-390 

0-385 

0-374 

Potassium chloride 

0-496 

0-496 

0-496 

0-496 

0-495 

0-494 

0-492 

Cadmium iodide . 

0-443 ■ 

0-444 

0-442 

0-396 

0-296 

0-127 

0-003 

Hydrochloric acid . 

0-832 

0-833 

0-833 

0-834 

0-835 

0-837 

0-838 

Copper sulphate . 


— 

0-375 

0-375 

0-373 

0-.361 

0-327 

Potassium hydroxide 

— 

— 

— 

— 

0-265 

0-264 

0-262 

Barium chloride . 

— 

— 

— 

0-425 

0-421 

0-409 

0-392 


J. R. P. 


H.M.T.D. (u. Vol.IV, 543&). 

HOCHOFEN CEMENT (a. Vol. II, 1455). 
HOFMANN DEGRADATION (a. Vol. II, 
376a). 

HOFMEISTER or LYOTROPIC 
SERIES (V. Vol. in, 286d). 

HOFSASS BURNER (v. Vol. V, 247a). 
HOLARRHENINE, HOLARRHI- 

MINE, HOLARRHINE (a. Vol. Ill, 322c, 
323a, d). 

HOLLANDITE. A manganese ore of essen- 
tially the same composition as psilomelane, but 
occurring in a crystallised condition, usually as 
fibrous masses and sometimes as tetragonal 
crystals. It is a manganate with the general 
formula JwR 2 "Mn 05 -f-wR 4 '"(Mn 05 ) 3 , where 
R" is Mn, Ba, Kj, Hg, (Fe, Ca, Mg, Nag, 
Co, Ni, Cu), and R'" is Mn, Fe, (Al). The 
extreme values shown in four analyses are : 
MnOg 65-63-75-05, MnO 5-12-14-20, FejOg 
4-43-10-56, BaO 2-96-17-59, K^O 0-3-31, HgO 
0-1-10%. The colour is greyish-black, and the 
lustre submetaUic ; sp.gr. 4-70-4-95 ; hardness 
4-6. The mineral occurs abundantly in- the 
manganese ore deposits at several places in 
Central India, and is largely exported from the 
mines at Sitapar and Balaghat. Closely allied 
minerals, perhaps identical -with hoUandite, are 
the crystalline manganates romanechUe (con- 
taining less iron and more water) from 
Romanfeche,Erance, and coro?!ad?7e (with high lead 


and low barium contents) from Arizona. (L. L. 
Fermor, The Manganese Ore Deposits of India, 
Mem. Geol. Survey India, 1909, 37 ; Rec. Geol. 
Survey India, 1917, 48, 103.) 

L. J. S. 

HOLMES STILL (v. Vol. I, 346c). 

HOLMIUM. Ho. At. no. 67. At. -wt. 
163.5. This element, which belongs to the 
yttrium group of the rare earth metals, was dis- 
covered spectroscopically by Cleve in 1879 in 
the terbia of C. 6 . Mosander or erbia of N. J. 
Berlin. Many years elapsed, however, before 
Holmberg (Z. anorg. Chem. 1911, 71, 226) was 
able to obtain sufficiently pure specimens of 
holmium salts to establish definitely the in- 
dividuality of the element. From 29 kilos of 
1 euxenite he first separated the jdtrium earths 
and then fractionally crystallised the -w-nitro- 
benzenesulphonates ; the head fractions con- 
taining Y, Ho, Dy, Tb, Gd, Eu and Sm were 
converted into the nitrates, bismuth nitrate 
added, and crystallisation continued to remove 
gadobnium. The oxalates were now frac- 
tionated, the most soluble fractions being further 
treated as nitrates. Final purification was by 
partial precipitation with aniline. 

Driggs and Hopkins ( J. Amer. Chem. Soc. 1925, 
47, 363) found that the most persistent impurity 
in holmium was erbium which could be removed 
by crystallisation of the bromates. In this way 
•it was possible to obtain fractions contaminated 
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only with yttrium, an impurity which could be 
eliminated fairly readily by partial decom 
position of the nitrates; the course of the 
separation was followed by determining the 
magnetic susceptibility. Atomic weight deter- 
minations from the purest fractions of holmium 
chloride gave Ho=:lG3-47. 

Physical Properties . — ^According to Aston 
(Proe. Roy. Soc. 1934, A, 146, 46) holmium is a 
single element possessing only one isotope, 
the mass-spectrum atomic weight being 
164-91, a figure considerably higher than the 
best atomic weight determined chemically. 
Bartlett, Jr, (Physical Pvcv. 1934, [ii], 45, 847) 
has shouTi on theoretical grounds that the isotope 
should be stable and, possibly, it still 
awaits detection. 

The atomic magnetic moment of the holmium 
ion is probably 13-689±0-06. The reduction 
potential and the potential of metal formation 
arc, respectively, — 1-790 and — 1-885. 

Spectra . — The most prominent lines in the 
arc and spark spectra are: 3399-0, 3425-4. 
3428-1, 3453-1, 3456-0, 3462-0, 3474-3, 3484-8, 
3494-8, 3515-6, 3598-8, 3662-3, 3748-2, 3757-3, 
3889-0, 3891-0, 4045-4, 4103-8, 4254-4 (liing. 
Physical Rev. 1929, [ii], 33, 540 ; Astrophys. J. 
1930, 72, 221). 

Absorption spectra have been studied by 
Holmberg {l.c.), Yntcma (J. Amer. Chem. Soc 
1923, 45, 907), Prandtl and Scheiner (Z. anorg. 
Chem. 1934, 220, 107) and Gobrecht (Physikal. 
Z. 1936, 37, 549). 

Compounds . — Numerous salts of holmium 
have been made but, like those of many other 
rare earths, descriptions of them are meagre. 

Holmium Sesquioxide (Holmia), HogOg. 
Obtained as a yellow solid by igniting the 
hydroxide, nitrate, oxalate or sulphate ; it dis 
solves in acids to form yellow-coloured holmium 
salts. For its magnetic properties, see Cabrera 
(Compt. rend. 1937, 205, 400), Trombe (Ann. 
Physique, 1937, [xi], 7, 385) and Velayos (Anal. 
Pis. Quim. 1935, 33, 297). 

Holmium Chloride, HoCIg. — ^Light-yellow 
crystalline solid, m.p. 718°C., formed by heating 
the hj-drated salt in a current of hydrogen 
chloride at 350°. 

A similar method is employed for the prepara 
tion of the bromide, except that ammonium 
bromide is mixed with the hydrated salt and is 
then removed either by heating to 600°, or at 350° 
in vacuo. It melts at 914°. 

The iodide is also a light-yellow solid, m.p. 
1,010±10°, and is obtained by passing hydrogen 
iodide over the anhydrous chloride at 600° 
(Jantsch et al., Z. anorg. Chem. 1932, 207, 353). 

Holmium Sulphate Octahydrate, 


H02(S04)3,8H20, 

has been made and its magnetic properties have 
been closely studied. 

G. R. D. 

“ HOLOCAINE,” syn. “ Phenocain,” di-{p- 
ethoxyphenyl)acetamidine hydrochloride. 


CHvCi 


.NH-CgH^-OEt 


HCI 


‘3 

^N- 

finds application as a local ansesthetic in 


^N-CgH^-OEt 


ophthalmic surgery, but its more general use is 
restricted by its toxicity (G.P. 79868, 80568) 
HOLOKLASTIT (u. Vol. IV, 464a). ' 

'* HOMATROPINE,” tropine mandelic 
ester, C8Hi4N-0-CO-CH(OH)-CoH., is pre- 
pared by prolonged heating of tropine mandelate 
u-ith dilute hydrochloric acid ; the hydrochloride 
so produced is usually converted into the hydro- 
bromide. It is used as a mydriatic which is less 
toxic' than atropine ; the mydriatic activity is 
still more marked when used with ephedrine 
(Pak and Tang, Proc. Soc. Exp. Biol. Med. 1930, 
27, 887).- Identification of homatropine: Ek- 
kert, Pharm. Zentralk. 1930, 71, 180 ; Celsi, Anal. 
Farm. Bioquim. 1930, 1, 140. hlicrochemistry : 
Kofler and hliiller, Mikrochem, 1937, 22, 43. 

HOMOCATECHOL, homopyrocatechol, 
3:4-cbhydroxytoluene, m.p. 65°, b.p. 251-252°; 
creosol is the 3-methyl ether, m.p. 5-5°, b.p. 
221—222° d^ 1-111 

HOMOCHEl’iDONINE (a. Vol. n, 527d). 
HOMOCOL (v. Vol. Ill, 515b). 
HOMOEUONYSTEROL {v. Vol. IV, 
400c). 

HOMOGENEOUS CATALYSIS. 

Synopsis op the Subject. 

(a) Introduction (p. 240(0. 

(5) Catalysis and the classical dissociation theory 
(p. 24I(Z). 

(c) Salt effects in catalysed reactions (p. 213l>). 
id) Modern views on acids and bases (p. 247fl). 

(e) General acid-base catalysis (p. 2496). 

(/) The use of catalytic measurements for determining 
liydrogen- and hydroxyl-ion concentrations 
(p. 2515). 

({?) Relations between catalytic power and acid-base 
strength (p. 252(f). 

(/() The mechanism of acid-base catalysis (p. 2556)._ 

(i) Other types of positive catalysis in solution 
(p. 2585). 

{/;) Negative catalj-sis in solution (p. 260c). 


(a) Inteodhction. 

The term catalysis in its modern sense was 
introduced by Berzelius in 1836 to describe a 
number of chemical phenomena in which one 
of the substances apparently responsible for the 
reaction (the catalyst) remains imehanged. The 
phenomena which he . considered would now 
be divided into two classes, heterogeneous cata- 
lysis and homogeneous catalysis, according to 
whether the catalyst is present as a separate 
phase, or constitutes part of a homogenous 
system. Of the two, heterogeneous catalysis has 
probably been the subject of more investigation, 
largely because of its practical importance in gas 
reactions {v. Catalysis ln Indhstkial Che3I- 
istry). On the other hand, homogeneous 
catalysis in solution has been closely connected 
with the development of the modem theory or 
solutions, and is involved in many orgamc 
reactions of practical importance, notably 
esterification and hydrolytic reactions. _ 

It has long been realised that the function oi 
catalysts (both heterogeneous and homogeneous) 
is to modify the velocity of a reaction, withtiut 
affecting the position of the equilibrium which 
is finally reached. In the case of homogeneous 
catalysis the relation between the amount or 
catalyst present and the reaction velocity 
usually has a simple form. For example, if a 
reaction A -> B is taking place imder the effect 
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of a catalyst X, then its progress with time t ■will 
usually be governed by the equation 

-^^=^-x[X][A] . . . . (1) 

where the square brackets denote concentra- 
tions. Eor a given reaction the constant kx 
depends upon the nature of the catatyst X, and 
on the temperature and the nature of the sol- 
vent : it is known as the catalytic constant and 
serves as a measure of the effectiveness of the 
catalyst under the given conditions. 

Since [X] remains constant throughout the 
change, the course of a single reaction ■will be 
kinetically of the first order vith a velocity 
constant ^•=l;x[X] : the catalysed reaction is 
thus of the same kinetic order as the uncatalysed 
reaction A B. On the other hand equation (1) 
is identical ■with that for a bimolecular reaction 
between X and A, except that the concentration 
of X remains constant during the reaction: 
i.e. instead of 

A+X->B-i-Y 

where X is transformed into Y, we have 

A-fX-i-Bq-X 

where X ultimately emerges unchanged from 
the reaction, kx has in fact the dimensions of a 
bimolecular velocity constant, and the above 
reaction must be pictured (in spite of its first 
order kinetics) as depending on bimolecular 
collisions between A and X. Exactly similar 
considerations apply to reactions of higher order. 
For example, if the reaction Aq-B^C-f-D is 
catalysed by X the kinetic equation ■will be 

-^^=-^^=^:.x[X][A][B3 . . (2) 


the concentration of the catalyst is not too high. 
A very large catal 3 'st concentration ■will produce 
an appreciable change in the nature of the sol- 
vent medium, and may thus affect the position 
of equilibrium like any other change of solvent. 

The types of reaction which are subject to 
homogeneous catalysis are veiy diverse, and no 
enumeration or classification will be attempted. 
On the other hand, most of the catalj'sts on 
which information is available fall into a few 
well-defined classes, as follows : — 

(i) Catalysis by Acids and Bases. — ^This is by 
far the most extensive field in homogeneous 
catalysis, and a large part of this article ■will be 
devoted to various aspects of acid-base catalysis. 

(ii) Catalysis by Ions other than Acid or Basic 
Ions. — ^There are a number of isolated ^instances 
of catalysis by metallic ions and halide ions, 
usually depending upon possibilities of alternate 
oxidnUoa and redaction of the catalyst. These 
will be described in section {i). 

(iii) Catalysis of Organic lieactions by Inorganic 
Halogenides. — This class of reaction, t 3 q)ified by 
the Friedel-Crafts reaction, is often carried out 
under heterogeneous conditions, but appears to 
be essentially homogeneous in character. A 
brief account is given in section (i). 

(iv) Catalysisby Enzymes. — This may formally 
be treated as a type of homogeneous catalysis in 
solution, but the laws governing it are much 
more complex than for ordinary chemical 
catalysis {v. Enzysies ; Fersieotation, Al- 
coholic; Hydrolysis). 

(v) Negative Catalysis. — ^This occurs both in 
gas reactions and in solution, and is a character- 
istic of chain reactions. Its occurrence in solu- 
tion is dealt with in section ( j). 

(h) Catalysis akd the Classical 
Dissociatiok Theory. 


and the reaction will follow a second order course 
ivith a velocity constant Z;x[X]. 

In the case of reversible reactions the law that 
the position of equilibrium is unaffected by a 
catalyst imposes some restrictions on the 
catalytic constants. For example, if the re- 
action A B is catalysed by X the velocities 
in the two directions are given by 


^k^[xm, [X][B] 


(3) 


At equilibrium the velocities in the two direc- 
tions must be equal, giving : hence 

, LAJ kx 

k'- 

the ratio must be independent of the 

nature of X, though of course the separate 
values of k' and k" will depend upon X. More- 
over, if the reaction proceeds under the same 
conditions of solvent and temperature in the 
absence of a catalyst, then the ratio of the tm- 

k'n 

catalysed velocity coefficients p- ' must also 

have the same value. These relations have been 
verified in a few cases, and can be regarded as 
firmly established on account of their thermo- 
djotamh basis. Ii should, hawerer, he noted 
that they -will only remain valid pro^vided that 
VoL. VI. — 16 


The early study of catalysis by acids and 
bases was closely connected with the develop- 
ment of the electrolytic dissociation theory to- 
wards the end of the nineteenth century, and 
this theory gained a good deal of support from 
measurements of reaction velocity. Thus both 
Ostwald and Arrhenius carried out such measure- 
ments, particularly 'on the hydrolysis of esters 
and the inversion of cane sugar, both of which 
are catalysed by acids. It was found that the 
catalytic power of a solution of an acid was 
directly proportional to its electrolytic con- 
ductivity for a large range of concentrations. 
This was interpreted by supposing that the 
hydrogen ion in solution was the only effective 
catalyst present, and that the hydrogen ion con- 
centration was measured by the electrolytic 
conductivity.^ Although according to modem 
views some qualifications must be attached to 
these statements (especially for certain other 
reactions), they still constitute a valuable work- 
ing basis in many cases. Table I shows the 
figures given by Ostwald (J. pr. Chem. 1884, [ii], 

^ The last statement is not strictly true even accord- 
ing to the simple dissociation theory, since that part 
of the conductivity depending on the anion ■wUl vary 
from one acid to another. However, owing to the 
very high mobility, of the hydrogen ion little error is 
made in assuming that the conductivities of solutions 
of different acids are proportional to their hydrogen ion 
concentrations. 
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30, 9.3). All the data refer to N aqueous solu- 
tions of the acids, and the numbers represent 
relative values of their conductivity and of their 
catalytic effects in the hydrolysis of methyl 
acetate and the inversion of cane sugar, the 
value for hydrochloric acid being taken arbitrarily 
as 100 in each case. 

Table I.^ — ^Relative Cokductivities aed 

Cataeytio Effects of Diffeueet Acids. 


Acid. 

Con- ^ 
dne- 
tivity. 

1: 

(ester). 

h 

(sugar). 

HCI 

100 

100 

100 

HBr 

101 

98 

111 

HNO 3 

90'6 

92 

100 

HoSO^ 

05-1 

73-9 

73-2 

CCla-COOH .... 

G2'3 

G8-2 

75-4 

CHClo-COOH. . . . 

25-.3 

23-0 

27-1 

COOH-COOH . . . 

10-7 

17-G 

18-C 

CHoCI-COOH. . , . 

4-90 

4-30 

4-84 

H-COOH 

1-08 

1-31 

1-.53 

CH,CH(OH)CO„H . . 

1-04 

0-90 

1-07 

CHvCOOH . ■. . . 

0-424 

0-345 

0-400 

CH 3 -CH(CH 3 )C 00 H . 

0-311 

0-2G8 

0-335 


Similar conditions obtain in alcoholic solu- 
tions, though data are here less numerous. 
Table 11 (Goldschmidt, Bcr. 1895, 28, 3218, and 
later papers) shows the parallelism between con- 
ductivity and catalytic effect for the esterifi- 
cation of formic acid in ethy lalcohol solution. 
The ethyl alcohol serves both as solvent and as 
reactant, and the hydrogen ions are provided 
by an added catalyst acid, formic acid being 
too weak to have any appreciable catalysing 
effect. The concentration of the catalysing 
acid was OTOn. throughout. 


Table II. — Catalytic Effect of Acids in 

THE EsTEBIFICATION OF I'OBMIO AciD IN 

Ethyl Alcohol. 


Catalysing acid. 

Belative 

conductivity. 

Ilclativc 

velocity 

constant. 

Hydrogen chloride. 

100 

100 

Picric 

10-4 

10-3 

Trichloroacetic 

I'OO 

1-04 

Trichlorobutyric . 

0-35 

0-30 

Dichloroacetic . 

0-22 

0-18 


An exactly analogous interpretation can be 
applied to catalysis by bases, i.e, the catalytic 
effect of a basic solution depends upon its 
hydroxyl ion concentration, which can be 
determined from its conductivity. Experi- 
mental data are, however, much less extensive 
than in the case of acid catalysis. Most of the 
early work was done on the hydrolysis of esters 
in presence of alkali, which cannot, strictly 
speaking, be classed as a catalytic reaction smee 
hydroxyl ions are used up during the reaction, 

e.g. 

CHa-COOCoHs+OH- 

CH3COO--bC2Hs OH 


It was found that in dilute solutions of sodium, 
potassium and calcium hydroxides (which may 
be regarded as completely dissociated) the rate 
of hydrolysis is proportional to tlie normality 
of the alkali and is independent of the nature of 
the catalysed reaction : further, solutions of the 
weak base ammonia give rise to much smaller 
velocities. Similar results have been obtained 
later wnth the reversible conversion of acetone 
into diacetone alcohol according to the equation 

2CH3-C0-CH3^ 

(CH3)3C(0H)CH2-C0-CH3, 

which is catalysed by solutions of strong and 
■weak bases. 

It is possible on the basis of the classical dis- 
sociation theory to make some general state- 
ments on the variation of reaction velocity -with 
hj'drogen ion concentration or -with pg 

(-logio[H+]). 

These statements apply strictly only to catalysis 
by dilute solutions of strong acids and bases, 
but for many reactions they serve also to give a 
general description of the behaviour in presence 
of weak electrolytes. Many reactions are 
catalysed both by acids and by bases, and the 
most general equation for the observed velocity 
constant h is 


^=^-o+(WH+]+(boH-)[OH-] . (4) 


where kn+ is the catalytic constant of the 
hydrogen ion, A-qh- the catalytic constant of the 
hydroxyl ion, and the velocity constant of 
the so-called “ spontaneous ” reaction.^ 

The relative importance of the three terms in 
equation (4) varies very’^ much under different 
conditions and for different reactions (c/. e.y. 
Skrabal, Z, Elektrochem. 1927, 33, 322). The 
application of the law of mass action to the dis- 
sociation of water gives [OH~][H+]=A’ij), the 
ionic product of water, and insertion of this m 
equation (4) gives 


b=b,-b(A-H-^)[H+]-b 


(kon-)J^w 

[H+] 


=K+^'~^+{fcon-):OH-] . . (5) 

Since [H+] and [OH-] vary by a 

factor of about 10^® in passing from O-ION. 
hydrochloric acid to 0-10 n. sodium hydroxide, 
so that unless kg+ and Aon- differ by a factor of 
more than about 10® there ■will be two ranges oi 
Pfi easily accessible to experiment in which one 
of the last two terms in equation (5)^ can be 
neglected. In these ranges the velocity is a 
linear function of and [O H~] respecti^vely, 
and the values of the corresponding catalytic 
constants and koii- can easily be separately 
determined from the experiment. Between 
these two ranges the reaction velocity will pass 
through a minimum value of 

kada=k(,+2-\/{Kif,{k-!j+)(koil-)} • • 


■ It will be seen later that the term 
really a misnomer, since the observed Yelocity i 
ually due to catalysis by the solvent 
wever, the term is in verj' general use and 'svm 
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at a hydrogen ion concentration given by 

1 - 0 --- 1 ~ . • • ( 7 ) 

If /i'0H-=bH+ minimum velocitj' will be at 
the neutral point, while the two possibilities 
I'’OH->bH+ ^■ou-</^H+ correspond to, a 

minimum velocity respectively on the acid and 
on the alkaline side of the neutral point. 

Under some conditions not too small, 
(fcjj+)(boH-) not too large) the second term in 
equation . (6) is negligible compared with the 
first, and the velocity at the minimum point is 
equal to the spontaneous velocity kg. Moreover, 
reference to equation (5) shows that mider the 
same conditions there will be an appreciable 
range of values over which the two last 
terms of this equation contribute very little to 
the velocity. Under these conditions the 
spontaneous velocity kg is directly observable 
as the measured velocity in this range. 
When this is not the case the value of kg must 
be obtained either from the observed minimum 
velocity by using equation (6), or by extra- 
polating the linear parts of the /l— [H+] or 

[OH~] plots to zero concentration of [H+] 
or [OH-J. Finally, many reactions arc of 
course known in which one or more of the ! 
constants /jq, kii+ and kon- is -zero, or at least so 
small that it cannot be detected. 

The following list gives the different possible 
types of behaviour, with a few of the better 
known examples of each tj^pe : 

(1) Catalysis by both acids and bases, sj)on- 
taneous reaction directly observable. Example 
— ^the mutarotation of glucose. 

(2) Catalysis by both acids and bases, spon- 
taneous reaction detectable but not directly 
observable. Example — the halogenation of 
acetone. 

(3) Catalysis by both acids and bases, spon- 
taneous reaction not detectable. Examples — ^the 
hydrolysis of amides and y-lactones. 

(4) Catalysis by acids only, spontaneous 
reaction directly observable. Examples — the 
hydrolysis of alkyl orthoacetates and ortho- 
carbonates. 

(6) Catalysis by bases only, spontaneous 
reaction directly observable. Examples — ^thc 
hydrolysis of j3-lactones, the decomposition of 
nitramide, the halogenation of nitro-paraffins. 

(6) Catalysis by acids only, no spontaneous 
reaction detectable. Examples — the inversion 
of sugars, the hydrolysis of diazoacetic ester and 
of acetals. 

(7) Catalysis by bases only, no spontaneous 
reaction detectable. Examples — the depoly- 
merisation of diacetone alcohol, the decomposi- 
.tion of nitrosotriacetonamine. 

(c) Salt Effects in Catalysed Reactions. 

Although the classical theory gave a good 
general account of the experimental data, a 
number of discrepancies remained, of which the 
following are the most important : 

(i) The reaction velocity is not exactly a 
linear function of the hydrogen or hydroxyl ion 
concentration as calculated from the con- 


ductivity. In particular, in catalysis by solu- 
tions of strong acids an increase of acid con- 
centration invariably causes the velocity to 
increase more rapidly than the conductivity. 

(ii) The reaction velocity is often affected con- 
siderably by the addition of neutral salts, i.e. 
salts which are neither acidic nor basic and which 
have no ion in common with the catalyst. This 
discrepancy is particularly marked in solutions 
containing weak electrolytes. 

(iii) The addition of a salt having an ion in 
common with the catalyst does not usually 
depress the velocity as much as would be 
expected from the simple law of mass action. 

Subsequent work on the theory of acid-base 
catalysis has been largely devoted to clearing up 
these discrepancies, and the following are the 
chief modifications axd additional assumptions 
which have been introduced into the classical 
theory : 

(1) The ionic concentrations of strong elec- 
trolyte solutions are not proportional to their 
conductivities. 

(2) The simple law of mass action does not 
apply exactly to ionic equilibria. 

(3) The reaction velocity in ionic systems is 
not exactly a linear function of the concentra- 
tions of the reactants, but also depends on other 
properties of the solution, e.g. the concentrations 
of other ions present. 

(4) Hydrogen and hydroxyl ions are not the 
only catalysing species. 

Of these, (1), (2) and (3) are closely connected 
with modem electrolytic theory, and are treated 
in this section under the general description of 
“ salt effects.” (d) is the fundamental assump- 
tion of the theory of general acid-base catalysis, 
and forms the subject of the two following 
sections. 

According to modem views (based partly on 
theoretical considerations and partly on experi- 
mental evidence) those electrolytes commonly 
classed as “ strong ” are, practically speaking, 
100% dissociated even at concentrations where 
their conductivity ratios are considerably less 
than unity. The decrease of conductivity is 
attributed to electrostatic forces between the 
ions, and not to incomplete dissociation. This 
hypothesis of complete dissociation of strong 
electrolytes often introduces a considerable sim- 
plification into the treatment of catalytic data. 
This is illustrated by the data in Tables III and 
IV (p. 244) (c/. Dawson and Lowson, J.C.S. 1928, 
2146 ; La Mer and Miller, J. Amer. Chem. )Soc. 
1935, 57, 2674; Koeliehen, Z. physikal. Chem. 
1900, 33, 129). The experiments of Koeliehen 
were carried out at 25-2°, and his velocity 
constants have been reduced by 1'3% to make 
them comparable with those at 25°. 

k 

It wifi, be seen that the catalytic constant - 

remains constant over a large range of concen- 
trations provided that the catalyst is assumed 
to be completely dissociated, although the 

conductivity ratio — varies by 13-16% over 
Ao 

the same concentration range. (The last column 
contains the activity coefficient / of the catalyst, 
and will be discussed later.) It should not be 
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Table III. — ^Hydbolysis of Ethyx 
Acetate at 25°, Catalyst HCI. 

fc=first-order velocity constant, min.-^. 


c(HCI). 

J: 

c 

Ao 

/(HCI). 

0-0002 

G-43 

0-999 

0-993 

0-0005 

6-50 

0-998 

0-984 

0-0010 

6-50 

0-997 

0-965 

0-0020 

6-49 

0-990 

0-957 

0-0100 

6-54 

0-984 

0-924 

0-0200 

6-45 

0-973 

0-892 

0-0400 

G-.50 

0-952 

0-860 

0-1000 

6-48 

0-903 

0-814 

0-2000 

6-57 

0-895 

0-783 

0-5000 

6-76 

0-865 

0-762 


Table IV. — ^Deoomtositiok of Diacetone 
Alcohol at 25°, Catalyst NaOH. 

=first7j-orcler velocity constant, niin.~^. 


Author. 

c (NaOH). 

k 

c 

A 

Ao' 

/(NaOH). 

(1) 

0-00471 

2-20 

0-970 

0-936 

(1) 

0-00942 

2-32 

0-955 

0-904 

(1) 

0-0188 

2-29 

0-901 

0-865 

(2) 

0-0205 

2-22 

0-897 

0-860 

(2) 

0-0292 

2-23 

0-885 

0-838 

(1) 

0-0471 

2-32 

0-867 

0-810 

(2) 

0-0518 

2-24 

0-861 

0-804 

(2) 

0-0616 

2-22 

0-854 

0-793 

(2) 

0-0710 

2-22 

0-848 

0-782 

(2) 

0-0864 

2-19 

0-843 

0-770 

(1) 

0-0942 

2-28 

0-840 

0-766 

(2) 

0-1045 

2-21 

0-838 

0-760 


(1) Koellchen. (2) La 3Ier and 31iller. 


ionic* equilibria present. According to modern 
electrolyte theory these equilibria, and hence 
the concentrations of the catalysing ions, are 
affected to a considerable extent by the total 
ionic concentration of the solution. This is 
expressed in terms of activity coefficievts; e.g. 
for the dissociation of a weak acid HA according 
to the equation HA ^ H++ A- the simple mass 
action expression must be replaced by 


[H-»-IA~](/nf-)(/A-) 
[HA] /ha 



where K is the true or thermodynamic dissocia- 
tion constant (depending only on the tempera- 
ture and the solvent) and the f’s are activity 
coefficients. The “ classical ” concentration dis- 
sociation constant ICc is that given by 


[ H^][A-] /ha 
[HA] (/h+)(/a-)' 


. (9) 


The activity coefficients are all equal to unity at 
very low ionic concentrations, but as the con- 
centration of ions increases /h+ and /a- both 
decrease. Hence in fairly dilute solutions an 
increase of ionic concentration increases Ac, 
the degree of dissociation, and the velocity of 
any reaction catalysed by hydrogen ions. In. 
more concentrated solutions a change in the 
reverse direction often takes place. 

Apart from measurements of reaction velocity 
or theoretical considerations, there is abundant 
evidence from indicator and electrometric 
measurements for the increased dissociation 
caused by the addition of salt. Table V gives 
typical .data obtained from electrometric 
measurements, which illustrate the magnitude 
of the effect (T-ars.son and AdeU, ibid. 1931, 
156, 352). 


Table V. — Concentkation Dissociation 
Constant of Acetic Aged in Salt Solutions. 


assumed that the reaction velocity is always 
exactly proportional to the concentration of the 
catalyst ion, since deviations from such pro- 
portionality will be discussed a little later under 
the heading of primary salt effects. However, 
the velocity is always more nearly proportional 
to the concentration than to the conductivity. 
The position is similar in non-aqueous solvents, 
in fact the direct proportionah'ty between cata- 
lyst concentration and reaction velocity found 
j;.,-r^Coldschmidt et al. {ibid. 1912, 81, 30; 1920, 
QA esterification reactions in methyl 

° ’a atco'iplSj constituted some of the most 

evid&oce for complete dissociation 
•“ThesTsWs V Bjerrum! Fysisk Tidsskr. 
1916, 15 5 Z. Elektrochem. 1918, 24, 

; mnnrtant deviatums from the classi- 
occur when weak electrolytes 
cal laws these are now attributed to the 

are Pf A^^Sronsted, J-C-S. 1921, 119, 

S BrluBtedS Pedersen, Z. phyqkal Chem. 

^ SeX: - noFprf -a? 


18°o. M=salt molality. 


ji. 

lOSjlc 

in kci. 

in SrClj. 

0 

1-74 

1-74 

0-01 

1-86 

— 

0-05 

2-19 ! 

— 

0-1 

2-69. 

3-09 

0-2 

2-95 

3-47 

0-5 

3-17 

4-07 

1-0 

2-95 

4-37 

2-0 

2-19 

3-89 


It is important to note that the ions formed by 
the dissociation of the weak electrolyte 'will 
contribute to these interionic effects in just the 
same way as the ions of an added salt. This 
factor is not important in a solution made 
directly by dissolving a weak electrolyte, since 
in these cases the ionic concentration is small. 
However, in a buffer solution, such as acetic acid 
plus sodium acetate, the acetate ions must be 
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taken into account in calculating the total salt i 
concentration in spite of the fact that they also ' 
take part in the dissociation equilibrium. In 
consequence of this fact the hydrogen ion con- 
centration 'of a buffer mixture does not remain 
quite constant Avhen the solution is diluted, as 
would be predicted- by the classical law of mass 
action : for example, [H+] in 

OlON.CHa-COOH-t-OlON.CHa'COONa 
is greater than in 

0-02N.CH3-COOH-l-002N.CH3-COONa 

on account of the higher ionic concentration in 
the former solution. 

The secondary salt effect is still more promi- 
nent in non-aqueous solutions, since on account 
of the lower dielectric constant the electrostatic 
forces are much greater than in water. In these, 
solutions the ions formed by the weak electrolyte 
itself may produce a considerable effect, so that 
large deviations may occur even in unbuffered 
solutions of weak electrolytes without any salt 
additions. Typical data are given in the follow- 
ing table, containmg data for the concentration 
dissociation constant of picric acid in ethyl 
alcohol measured by a colorimetric method 
(Gross and Goldstern, Monatsh. 1930, 55, 316). 
It -will be seen that although the ionic concen- 
tration never exceeds 0-005N. the classical dis- 
sociation constant varies by a factor of more 
than 3. 


Table VI. — ^Dissociation of Piobio Acid 
IN Ethyl Alcohol at 20°c. 


Cl 

^2 

Cf 

I04A, 

0 

0 

0 

1-84 (extra- 
polated) 

1-022x10-5 

0 

9-67x10-5 

1-94 

3-873x10-5 

0 

1-71 X- 10-5 

1-90 

4-080x10-5 

0 

3-48 X 10-5 

2-09 

1-280 X 10-« 

0 

8-97x10-5 

2-13 

2-876 X 10-« 

0 

1-09 X 10-4 

2-28 

1-087x10-3 

0 

4-16 X 10-4 

2-58 

2-337 X 10-4 

3-27 X 10-4 

4-75x10-4 

2-09 

1-795 X 10-3 

0 

5-81 X 10-4 

2-75 

2-930 X 10-4 

4-10x10-4 

5-90 X 10-4 

2-76 

2-857 X 10-3 

0 

7-84 X 10-4 

3-01 

2-914 X 10-4 

1-019x10-3 

1-20x10-3 

■ 3-32 

7-041 X 10-3 

0 

1-35 X 10-3 

3-24 

2-323 X 10-4 

1-G78 X 10-® I 

1-84 X 10-3 

3-92 

1-453 X 10-4 1 

4<111 X 10-3 

4-24 X 10-3 

6-21 


Ci= concentration of picric acid. 

C 2 = concentration of added salt (lithium chloride). 
e^= total ionic concentration. 


The bearing of secondary salt effects on 
catalysed reactions was first realised by 
Bronsted, and most of the experimental work 
on this subject comes from his laboratory 
{e.g. Bronsted and Teeter, J. Physical Chem. 
1924, 28, 579 ; Bronsted and King, J. Amer. 
Chem. Soc. 1926, 47, 2623 ; ^ Kilpatrick, ibid. 
1926, 48, 2091 ; Bronsted and Wynne-Jones, 
Trans. Paraday Soc. 1929, 25, 69). Table VII 
(Bronsted and Teeter, he.) illustrates the effect 
of adding a neutral salt to a weak acid. The 
third column shows the values of [ H +] calculated 
from the kinetic data, using the catalytic con- 


stant obtained from dilute solutions of strong 
acids. The last column contains the correspond- 
ing calculated dissociation constants, which may 
be compared with those in Table V. 

Table VII. — ^Decomposition of Diazoacetio 
Esteb in 0-05m. Acetio Acid at 15°. 


h=first-order velocity constant, min.^i. 


[KNOjl. 

lOifc. 

1041H+]. 

105 jr,. 

0 

12-71 

9-52 

1-85 

0-005 

13-10 

9-77 

1-95 

0-01 

13-45 

10-07 

2-07 

. 0-02 

13-70 

10-27 

2-15 

0-05 

14-19 ■ 

10-62 

2-30 

0-10 

14-58 

10-90 

. 2-44 


The secondary salt effect in buffer solutions is 
illustrated by Table VIII, w-hich gives data for 
the acid-catalysed hydrolysis of ethylacetal 
(Bronsted and Wynne-Jones, l.c.). Although 
the buffer ratio is constant throughout there is a 
steady rise in velocity in the first five experi- 
ments, duo to the increase of salt concentration 
and the resulting increase in the dissociation 
constant of formic acid. On the other hand, the 
last four experiments, in which the total salt 
concentration has been kept constant by the 
addition of the requisite amounts of sodium 
chloride, show an almost constant velocity. 
This device of adding a neutral salt to keep the 
total salt concentration constant is frequently 
used to eliminate the secondary salt effect and 
thus to simplify the interpretation of experi- 
mental results. It can, however, only be applied 
successfully in fairly dilute solutions, since 
above a salt concentration of 0-1-0'2n. (in 
aqueous solutions) individual differences between 
the effects of different salts begin to become 
serious. . 

Table VIII. — Hydbolysis. of Acetal in 
Fobmate Buffebs at 20°. 


Formic acid : formate=2-96 throughout. 
I:=first-order velocity constant, min.~i. 


[Formic 

acid]. 

[Formate]- 

[NaCI]. 

Ionic 

strength. 

103l-. 

0-0296 

0-0100 



0-011 

12-6 

0-0692 

0-0200 

— 

0-020 

13-4 

0-1480 

0-0500 

— 

0-050 

15-1 

0-2220 

0-0750 

- — 

0-075 

16-4 

0-2960 

0-1000 

. — 

0-100 

17-8 

0-1776 

0-0600 

0-0400 

0-100 

17-6 

0-0987 

0-0333 

0-0667 

0-100 

17-7 

0-0222 

0-0075 

0-0925 

0-100. 

18-2 


The interionic attraction theory of electro- 
lytes leads to a theoretical expression for the 
activity coefficients in equations (8) and (9),- 
thus providing a theoretical basis for the 
secondary salt effect and making it possible to 
predict its sign and approximate magnitude. 
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The Debye- Tliichel limiting law for the activity 
coefficient of an ion of charge zi is 

~logioA=^2iV/^ • • . (10) 

(i, the ionic strength, is defined hy 

. . . ( 11 ) 

wliere mi and Cj are respectively the molality 
and equivalent concentration of an ion of species 
i, and the sumroation is made over all the ions 
present in the solution, including the ion whose 
activitj’- coefficient is required. The constant A 
is given by the theory in terms of the tempera- 
ture and properties of the solvent : for aqueous 
solutions at ordinary temperatures it is approxi- 
mately equal to O-o. - In order to apply the 
theorj'^ to the dissociation of a weak electrolyte 
the values of the activity coefficients must be 
substituted in equation (9), giving 

l®oio-(^c=logjQiL-f 2.4y'/i , . (12) 

Tliis equation predicts that the concentration 
dissociation constant will increase with in- 
creasing ionic strength, as illustrated in Tables 
V-Vm. However, both theorj’’ and practice 
indicate that equation (10) (and hence other 
equations derived from it) will only be vah'd 
for extremely dilute solutions, say up to about 
p,— 0-01 in water, and for most work on catalysis 
it "will therefore only serve as a rough guide to 
the magnitude of the efFect. It does, however, 
predict one notable feature ofthe secondary salt 
effect, namely that if the reaction velocity is 
plotted against /x (or the concentration of added 
salt) the resulting curve is strongly concave to 
the concentration axis. 

The above considerations apply to solutions 
in which the hydrogen ion concentration is 
determined by an equilibrium of the type 
HA ^ H+-r A". Other t3^pes of equilibrium are 
possible : e.g. in a solution of an ammonium 
salt we have N ^ N Hg-}- H+, and in a solu- 
tion of a disulphate HS04~^ S04“-f The 
effect of salt concentration can be predicted 
qualitative^ by again using equations (9) and 
(10), taking into account the different charges 
on the species present. It is found that in the 
former case the hji-drogen ion concentration should 
be unaffected by salt concentration, while in 
the latter case it should be increased. These 
predfc6fons are home oat by the experimeatal 
results. The position is similar in reactions 
which are catalj^sed by the hydroxyl ion. In 
solutions of ammonia or an amine the relevant 
equilibrium is N Hg-i- HgO ^ N H4~-f O H~, and 
the hydroxyl ion concentration is increased by 
addition of salt. On the other hand, in a buffer 
solution containing secondary and tertiary 
phosphate the equilibrium is 

PO4" -f HgO ^ H P04=-f O H- 

and theory predicts a decrease of hydroxyl ion 
concentration on the addition of salt, which is 
in fact the observed effect (Bronsted and King, 
J. Amer. Ghem. Soc. 1925, 47, 2523). 

Catalysis in solution may be also subject to 
the primary salt effect, though this is normally 
of less importance than the*^ secondary effect. Ab 
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the name “primary” implies, this effect 
operates ffirectly on the velocity constant of 
the reaction, and is not concerned with dis- 
placements of the equilibria of weak electrolytes. 
It is therefore best studied in solution^ containing 
only strong electrolytes, and has been the sub- 
ject of a large mass of experimental work 
(For references, see Bell, “Acid-Base Catalysis,” 
Oxford, 1941, p. 23.) The following generalisa- 
tions emerge from this work : 

(a) For a given reaction and a given added 

salt the percentage change in velocity is a linear 
function of the salt concentration. This law 
appears to hold almost universally up to about 
0-2x. and is often valid up to much higher 
concentrations. ° 

(b) The magnitude of the effect depends upon 
the individual nature of the reaction and of the 
added salt, there being no general relation to the 
ionic strength. 

(c) The addition of salt invariably causes an 
increase of velocity (positive salt effect) in 
reactions catalysed by hydrogen ions, while for 
hydi-oxyl ion catalysis the effect is sometimes 
positive and sometimes negative. 

(d) When the hydrogen ion is the catalyst the 
specific effect of an added salt depends chiefly 
on the nature of its anion, while for hydroxyl 
ion catah'sis the nature of the cation is the more 
important factor. 

(e) The magnitude of the effect rarely exceeds 
4-5% in OTOx". aqueous solutions of uni-univa- 
lent salts, though in a few cases it may be as 
high as 10-12%. 

The principle of the primary salt effect is now 
understood from a theoretical point of view 
(c/. Bronsted, Z. phj’-sikal. Chem. 1922, 102, 
169; 1925, 115, 337; La Mer, Chem. Reviews, 
1932, 10, 179). However, the most interesting 
predictions of the theory relate to reactions in- 
volving two ions, and for a reaction involving 
an ion and a neutral molecule (as do the majority 
of catalysed reactions) the theory only predicts 
that the effect will be a linear one (c/. (a) above), 
without giving either its sign or its magnitude. 
The theory is therefore not described here. An 
interesting correlation between indicator mea- 
surements and primary salt effects in acid 
solutions' has been demonstrated by Hammett 
and Deyrup (J. Amer. Chem. Soc. 1932,' 54, 
2721) and Hammett and Paxil (ibid. 1934, 56, 
830) ; this correlation has some theoretical basis 
and is certainly useful as a guide in practice. 

It may be useful to summarise briefly the 
chief practical consequences of primary and 
secondary salt effects in catalysed reactions, 
with some mention of how the complications 
thus caused may be avoided. 

(i) In solutions containing a weak electrolyte 
the reaction velocity wiU be affected by changes 
in the total salt concentration, whether these are 
brought about by adding a neutral salt or by 
changing the total concentration of a buffer ^ 
solution. 

(ii) In a solution of an ordinary weak acid 
(e.g. acetic acid), or a buffer solution prepared 
from it, the reaction velocity is irwreased by the 
addition of salt. An increase in salt concentra- 
tion from zero to 0-lOx. usually increases the 
velocity by 15-20% in a solution containing 
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only a weak acid, and 30-40% in a buffer 
solution. 

(iii) Complications duo to this secondary salt 
effect can be largely eliminated in a series of 
experiments by maintaining a constant total 
salt concentration (not greater than N./5) by 
adding the necessary quantities of neutral salt. 

(iv) The primary salt effect modifies the 
velocity even when no weak electrolytes are 
present. It can frequently be neglected if the 
total salt concentration is not allowed to exceed 
N./IO. 

(d) Modebn Views on Acids and Bases. 

The understanding of acid-base catalj'sis has 
been closely connected with the development of 
ideas on the nature of acids and bases and the 
measurement of their strengths. It is therefore 
necessary to give some account of these ideas 
before describing further work on catalysis. 

The Definition of an Acid has undergone a 
number of changes during the last fifty years. 
As soon as the ionic theory had become estab- 
lished an acid was defined as a substance con- 
taining hydrogen which gave rise to hydrogen 
ions in solution. Although acids were originally 
regarded as neutral molecules (like hydrogen 
chloride and acetic acid), it was soon found 
convenient to include negative ions such as 
id SO 4“, H2P04“,' which can also produce 
hydrogen ions in solution. These anion acids 
can of. course only exist in practice in company 
with ions of opposite sign, and it might be sug- 
gested that salts like NaHSO^, KH2PO4 should 
be regarded as acids. However, the sodium or 
potassium ions play no part in the acidic re- 
actions of .the salts, remaining imchanged 
throughout, and it is more logical to include 
only the anions in the definition. The modern 
definition of acids includes also cation acids : 
thus the acid character of solutions of am- 
monium salts is most simply explained as being 
due to the reaction N H4+ ^ N H3-}- H+^andtho 
ammonium ion can therefore be considered as an 
acid. (The older description of the “ hydrolysis” 
of ammonium chloride solution in terms of the 
two reactions N H3-t- H2O N H4+-t- O H“ and 
HCl^H+-}-Cl“iB only a more cumbrous way 
of expressing the same facts, since the chloride 
ion plays no part in the process.) In the same 
way the acid properties of solutions of many 
metallic salts (e.g. iron, aluminium, chromium, 
etc.) are best explained by the splitting off of 
hydrogen ions from the hydrated cations, some- j 
times in several steps, e.g. 

[Cr(H 20 )e]+++^[Cr(H 20 ) 50 H]+++H+ 

[Cr(H 20 ) 50 H]++^[Cr(H 20 ) 4 ( 0 H) 2 ]++H+ 

etc. 

These hydrated ions can therefore be regarded 
as cation acids in the same way as the am- 
monium ion. 

The Nature of the Hydrogen Ion in 
Solution has a considerable bearing on the 
definition of an acid. It was originally supposed 
to be simply a proton, the small size of which 
might serve to account for its high mobility, 
and possibly also for its catalytic power. How- 
ever, there is now an overwhelming weight of 
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'both experimental and theoretical evidence to 
show that the hydrogen ion in solution is in- 
variably solvated, and that no measurable con- 
centration of free protons can be present. In 
particular, it is believed that the hydrogen ion 
in aqueous solution exists entirely as OH 3+ 
(the oxoninm or hydroxonium ion), which has a 
normal electronic structure with a completed 
octet and is analogous to the ammonium ion 
NH4+. In consequence all equations repre- 
senting the production of a hydrogen ion in 
water should be rewritten so as to show the 
part played by the solvent, e.g. the dissociation 
of hydrogen chloride becomes 

HCI-hH20->Cl--f0H3+ 

However, it is still common practice to use the 
symbol H+ for the hydrogen ion in solution, 
its solvation being tacitly assumed. It is clear 
that the nature of the hydrogen ion mil actually 
vaiy from one solvent to another, e.g. in an 
alcohol ROH it has the formula ROH2'*". 

The term “ hydrogen ion ” which has been so 
far used in defining an acid is thus a somewhat 
ambiguous one. If it is taken to mean the 
actual species present in solution, the definition 
will vary from one solvent to another, while if 
it is taken to mean a free proton the definition 
is meaningless, since the production of this kind 
of “ hydrogen ion ” never takes place in practice. 
These difficulties are avoided by the modem 
definition, which reads : An acid is a species 
having a tendency to lose a proton (Bronsted, 
Bee. trav. cliim. 1923, 42, 718 ; Lowry, Chem. 
and Ind. 1923, 1, 43), Although the production 
of a free proton is not possiWe, the tendency 
of the acid can be realised if some other species 
is present to receive the proton, and in the pro- 
duction of a solvated hydrogen ion the solvent 
acts as a proton acceptor. Eor example, all the 
following typically acidic reactions of hydrogen 
chloride involve the loss of a proton to another 
molecule or ion : 

HCI-I-H3O ->0H3+-fCi- 
HCl-|-0H-->H„0+CI- 
HCl+ Eton -V EtOH2+-f Cl- 

(afcohol solution) 
HCI+NH3->[NH4+][CI-] 

(no solvent necessary). 

In exactly the same way the characteristic acid 
reactions of the ammonium ion involve the loss 
of a proton to give the ammonia molecule, e.g. 

NH4++H20^NH3-hOH3+ " 
NH4+4-0H-^ NH3-t-H20 

NH4+-|-CH3-C00-^ NHg-f-CHg COOH 

One important consequence of the above 
definition is that the oxonium ion OH3+ rmist 
itself he regarded as an acid, its tendency to lose 
a proton being illustrated, for example, by the 
foUowing reactions : 

0H3+-t-0H-:?^2H,0 
OH3+-fNH3 H2C5-}-NH4+ 

■ 0H3+-1-CH3-C00-^ H20-fCH3-C00H 

It will be seen that there is a close similarity 
between the oxonium and ammonium ions. In 
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fact, although the oxonium ion is of great im- 
portance in aqueous solution o%ving to its close 
relation to the solvent, it is in no way unique, 
being one of a class of cation acids which includes 
the ammonium ion and many others. 

The Definition of a Base has in the past 
been a subject of controversy, particularly as to 
whether the term base shoiild be confined to 
hydroxy-compounds {e.g. NH4OH), or whether 
it should be extended to other species which 
produce hydroxyl ions in solution {e.g. NH3). 
The modem defeition of a base avoids these 
ambiguities, and is closely related to the defini- 
tion of an acid, i.e. : A base is a species having 
a tendency to add on a proton. Once again it is 
not a free proton which is involved, but a proton 
derived from another (acid) molecule or ion. 
For example, the basic nature of the ammonia 
molecule is illustrated by the following reactions, 
in which it adds on a proton to give the am- 
monium ion : 


as an acid or as a base, e.g. the water molecule 
is the acid corresponding to OH- and the base 
corresponding to OH 3+. 

The scheme (13) is never realised in practice, 
all acid-base reactions actually observed being 
of the type Ai+Bg^Ag+Bj. Thus the dis- 
sociation of a weak acid HX in water follows 
the equation 


HX-|-H20^0H3+-fX- . . (14) 

Aj B2 A2 Bi 


and it will be seen that aU the acid-hase reactions 
given above (whether commonly described as 
“ dissociations,” “ hydrolyses ” or “ neutrali- 
sations ”) can be represented in this way. The 
strength of an acid is commonly defined in terms 
of the reaction (14), i.e. by the equilibrium 
constant.^ 


[OH3+IX-] 

[HX] 


. . (15) 


N H3-f HgO ^ N H4-i--f O H- 
NHg-hOHg-i- ^ NH4+-}-H20 
N Hg-f EtO 

(alcohol solution) 
NH3-j-HCl^[NH4+][CI-] 

(no solvent necessar3'). 


Exactly the same equation applies to charged 
acids, e.g. the acid strength of the ammonium 
ion is represented by the constant 


[OHs-^jFNHg] 

[NH4+J 


. . (16) 


The hydroxyl ion itself must also be regarded as a 
powerfid base, since it readily adds on a proton 
to form water, e.g. 

0H-+0H3+^2H20 
OH-+CH3-COdH ^ HaO-fCHg-COO- 
O H--f NH4+^H20-bNH3 


which in the older nomenclature is described as 
the “ hydrolysis constant ” of ammom'um salts. 
In general the strength of an acid A in aqueous 
solution is represented by the constant 


[A] 


(17) 


Not only the hydroxyl ion but also other anions 
must be considered as bases, especially those 
anions derived from weak acids. Thus the basic 
nature of the acetate ion is illustrated by the 
follouing reactions, in which it adds on a proton 
to form acetic acid : 

CH3-C00--fH20 ^ CHg-COOH-bOH- 
CHg-COO-d-OH^+^CHgCOOH-f HgO 
CH3-COO--}-NH4+^CHg-COOH-f NHg 

The first equation represents the hydrolysis of 
an acetate like sodium acetate, and the third 
the “ hydrolysis ” of ammonium acetate. The 
recognition of this extended class of anion bases 
has been of considerable importance in the 
interpretation of catalytic phenomena. Cation 
bases also exist but are not common, being 
chiefly confined to the, complex hydroxo-ions 
of heavy metals mentioned under the heading 
of cation acids. 

The definitions of acids and bases already given 
can be summed up in the scheme 

A^B-hH+ .... (13) 

.where A is an acid and B a base. Two species 
related in this way are known as a corresponding 
{or conjugate) acid— base -pain examples are 
CHg-COOH and CHg-COQ- NH4+ and 
NHg, H2PO4- and HP04“', etc. There is no 
restriction as to the charge on A and B, but 
there must always be unit difference of charge 
between the members of a corresponding pair. 
In some cases the same species can act either 1 


where B is the corresponding base. The equili- 
brium governed by (17) is A-f- HgO’^ GHg^-hB, 
and the constant K is thus in reality a measure of 
the strength of the acid A relative to that of 
the acid OHg"*". 

The strength of a base is commonly represented 
in terms of the equilibrium B-f H gO ^ A-1- OH”, 
i.e. by the constant 




[A3[OH-] 

[B] 


. . (18) 


This constant is, however, closely related to the 
acid constant of the corresponding acid, e.g. for 
ammonia we have 


A6= 


[N H4+IOH-] A«,[NH4+] Xu; 

[NH3IOH3+] A 


. [NHg] 

where A is the acid constant of the ammonium 
ion, and Aj<,=[OH-][OH3'+] is the ionic product 
of water. For a given solvent the dissociation 
constant of a base is therefore inversely propor- 
tional to the constant for the corresponding acid, 
and in fact all the properties of solutions con- 
taining acids and bases can be expressed in 
terms of acid constants. For example, the 
hydrogen ion concentration of any buffer solu- 
tion is given directly as [OH3+]=A^j 

1 The full equilibrium constant for the reaction (14) 
would contain the term [H 2 O] in the denominator, but 
this can be omitted, since the concentration of water is 
effectively constant in all reasonably dilute aqueous 
solutions. 
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■where A and B may. be, e.g. CHg-COOH and 
CHg-COO- NH4+ and NHg, HjPO^- and 
H P04“, K t 3 eing in each case the acid constant. 
The inverse relation between the strengths of 
an acid and its corresponding base means that a 
very strong acid corresponds to a very weak base, 
and vice versa. For example, the HCI molecule 
is such a strong acid that it reacts almost com- 
pletely with water to give hydrogen ions and 
clilorido ions ; hence its acid strength cannot be 
measured directly, though it can be estimated 
indirectly to have a value of about 10^. Conse- 
quently, although the chloride ion is formally a 
base, its basic properties are so small that they 
can invariably be neglected, and the same 
applies to the anions of other strong acids. 

Finally it should be mentioned that the terms 
acid and base are now sometimes applied to a 
stiU wider class of substances (c/. Le^vis, J. 
Franklin Inst. 1938, 226, 293; Luder, Chem. 
Reviews, 1940, 27, 547). According to tliis 
definition an acid is a species having a tendency 
to accept electrons while a base, is a species 
having a tendency to donate electrons. This 
formulation includes species which are acids 
and bases according to the definitions given 
above, but also includes other species whose 
functions do not involve the exchange of a 
proton: e.g. the molecule BFj is classed as an 
acid because of its incomplete octet and its 
consequent tendency to accept electrons. This 
wider definition has not so far met with general 
acceptance, but it is interesting to note that its 
adoption would lead to the classification under 
acid catalysis of the reactions described in 
section {k), which are catalysed by BFg, AICI 3 , 
etc. 

(e) Genebal Acid-Base Catalysis. 

It has been shown in the preceding section 
that hydrogen and hydroxyl ions do not play 
any necessary or unique part in acid-base 
reactions, being merely particidar members of 
large classes of acids and bases. From this 
point of "view there is no obvious reason why 1 
OH 3 + and OH~ (or their analogues in other 
solvents) should possess the imique power of 
catalysing reactions, and it would seem more 
reasonable to expect that all acid species such 
as OHg'*', NH4+, CHg-COOH, etc., would act 
as acid catalysts : similarly the species O H~, 
CHg-COO-, NHg, etc., might all be expected 
to act as basic catalysts. This expectation has 
in fact been realised for a large number of 
. catalytic reactions, and this kind of behaviour is 
kno’wn as general acid-base catalysis. - From an 
experimental point of view it means a revision 
of the simple kinetic equation (4). For example, 
the velocity of an -acid-catalysed reaction in a 
solution containing acetic acid (H Ac)- will no 
longer be given by h=A:o-KhH+)[H'f'], but by 
h=ho-f (fcH-r)[H+]-]-Z:aic[H Ac], and there wiU be 
similar additional terms in the case of basic 
catalysis. 

The idea that hydrogen and hydroxyl ions are 
not the only effective catalysts is much older 
than the revised concepts of acids and bases; 
in fact it 'Was one of the earliest suggestions 
made to account for deviations from the classical 
kinetic equations. In particular the hypothesis 


that undissociated acid molecules like HC! and 
CHg-COOH could act as catalysts was known 
as the dtial theory of catalysis. However, the 
dual theory originated before the development 
of modern views on electrolyte solutions, and the 
arguments on which it was based involved a 
neglect of both primary and secondaiy salt 
effects, and the assumption that the degree of 
dissociation of strong electrolytes is given cor- 
rectly by the conductivity ratio. These argu- 
ments therefore need revision in the light of 
more recent work, and it is found in all cases 
that the quantitative interpretation of the 
dual theory is profoundly modified, wliile in 
most cases the supposed evidence for the theory 
is completely destroj-ed (c/. - Bronsted, Chem. 
Reviews, 1928, 5, 245; Bell, “Acid-Base 
Catalysis,” Oxford, 1941, pp. 48-59). No 
account therefore is given here of the rather 
polemical lustoiy of the dual theory. The follow- 
ing are examples of more modem work on the 
subject, largely due to Bronsted and his 
collaborators : 

The Decomposition of Nitramide was the 
first reaction for which general basic catalysis 
was established. The decomposition takes place 
according to the equation 

NHg-NOa-^NaO-f H3O, 

and the reaction can be conveniently followed 
by measuring the pressure or volume of nitrous 
oxide evolved. In alkaline solutions the decom- 
position takes place at an immeasurably great 
rate, but in solutions of strong acids catalysis 
by hydroxyl ion is eliminated, and the rate is 
measurable and constant over a large range of 
hydrogen ion concentrations (10“® to 0-2). This 
shows that there is no detectable acid catalysis, 
and the constant rate in these solutions is equal 
to the “ spontaneous ” rate. It is a simple 
matter to prepare many buffer solutions in 
which the hydrogen ion concentration- is suffi- 
ciently great to eliminate the effect of hydroxyl 
ions, and it has been foimd by rnany workers 
that in such solutions the velocity is greater than 
the spontaneous rate, and depends on the con- 
centration of the basic constituent of the buffer 
(Bronsted and Pedersen, Z. physikal. Chem. 
1924, 108, 185; Bronsted and Duus, ibid. 1925, 
117, 299; Bronsted and Volqvartz, ibid. 1931, 
A. 155, 211 ; Baughan and BeU, Proc. Roy. 
Soc. 1937, A, 158, 464 ; Marlies and La Mer, 
J. Amer. Chem. Soc. 1935, 57, 1812,2739; Tong 
and Olson, ibid. 1941, 63, 3406). A typical 
example is shown in Table IX, illustrating the 

Table IX. — ^Decomposition of Niteamide 
AT 15°. 


h==first-order constant, min.~^ 

“ Spontaneous ” rate=38-0x 10"®. 


[CHg-COO-]. 

[CHg-COOH]. 

10 ®*. 

( 10 ®* - 38 - 0 ). 

[CH 3 -COO-] 

0-00414 

0-0162 

246 

0-504 

0-00683 

0-0135 

382 

0-505 

0-0102 

0-0101 

551 

0-503 

0-0136 

. 0-0067 

726 

0-506 
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results of Bronsted and Pedersen (Z.c.) for acetate 
buffers. It -R-iU be seen that the increase of 
velocity is directh- proportional to the acetate 
ion concentration, and independent of the of 
the solution (determined by the buffer ratio). 
These results demonstrate conclusively basic 
catalysis by the acetate ion and make it possible 
to determine its catalytic constant -Kith accuracy. 
Similar results irere obtained Tvith many other 
anion bases (both singly and doubly charged), 
vdth uncharged bases "ffke aniline, and unth 
positively charged bases of the type 

■[Co(NH3)-OH]+^ 

The Mutarotation of Glucose has long 
been knovn to be catalysed both by- acids and 
by bases, and played an important part in 
establishing the theory^ of general acid-base 
catalysis (Bronsted and Guggenheim, tdid. 1927, 
49, 2554 : Lowry and Smith, .J.C.S. 1927, 2.539 ; I 
Westheimer, J. Org. Chem. 1938, 2, 431). The 
process observed is the interconversion of the 
isomers a- and ^-glucose, involving the rupture 
of a semi-acetal link 


I Dawson ei al. (numerous papers in J.C.S. 1913- 
I 29), Much of this was carried out before the 
; importance of primary and secondary salt effects 
was realised, and the results are therefore often 
difficult to interpret. However, the general 
features of the reaction are clear, and have been 
confirmed by recent work (Smith, ibid. 1934, 
1744 ; Lidwell and Bell, Proc. Roy. Soc. 194o’ 
A, 176, 88). The reaction velocity is indepen- 
dent of the concentration of the halogen, and is 
the same for bromine and for iodine : hence the 
process of which the rate is meastxred prec'cdes 
the halogenation and involves only the acetone 
moleciile and the catah'st. (iffodern views on 
the nature of this process are mentioned in 
section (g).) There is catalysis both by acids 
and by bases, hydro-vyl ion being a much more 
powerful catalyst than hydrogen ion. The 
relative values for catalytic constants for OH~, 
OHg"*" and the spontaneous reaction arc such 
that there is no appreciable range of hydrogen 
ion concentrations over which catalysis by both 
OH~ and OH 3"^ can be neglected. This means 
that the spontaneous rate cannot be observed 


/ 

C(OH)— O— CH 

/ \ 

The catalytic effect of hydroxyl ions is about 
4x 10* greater than that of hydrogen ions, and 
there is a considerable range of hydrogen ion 
concentrations (about pg 4-6) over which 
catalysis by both .OH" and OHj"^ can be 
neglected, enabling the “ spontaneous ” rate to 
be observed directly. The presence of general 
catalysis both by acids and by' bases is most 
readily detected by using buffer solutions in this 
range, and experiment has shoAvn that 43 other 
species are effective as catalysts, in addition to 
O and O H“, comprising the following types : 

(ff) Uncharged acids, e.g. CH3-COOH. 

(5) Cation acids, e.y. NH^". 

(c) Uncharged bases, e.g. NH3. 

\d) Anion bases, e.g. CHg-COO", SO,j=. 

\e) Cation bases, e.g. [Co(NH3)50H]“‘^. 

(/) Amino-acids in the zwitterion form, e.g. 

NHs^CH-yCOO- 

The effect of this last type of catalyst is due 
primarily to the basic properties of the group 
COO-. 

Fig. 1 shows data obtained by' Bronsted and 
Guggenheim (J. Amer, Chem. Soc. 1927, 49, 
2571) for sodium salts of various weak acids, 
a small quantity of the corresponding acid 
being added to 'bring the hydrogen ion con- 
centration into the range 10”® to 10~*. (These 
amoimts were insufficient to cause any- appreci- 
able acid catalysis.) It will be seen that the 
velocity is in each case a linear function of the 
anion concentration. 

The Halogenation of Acetone was the first 
reaction for which catalysis by undis'ociatcd 
acid molecules was definitely established, and 
constitutes the only piece of evidence brought 
forward in support of the dual theory' wliich has 
not been re fried by more modem work. The 
bulk of the work on this reaction is due to 



Fig. 1. 

directly, and complicates the separation of the 
catalytic effects of different species. For 
example, in a solution containing a weak acid 
HX and its sodium salt the measured velocity 
k is equal to 

where at the most one term (the second or third) 
can be neglected. A large number of carefully 
planned experiments is therefore nece'saiy in 
order to determine the values of the individual 
cataly'tic constants. - -i • 

Many other reactions are known which exhibit 
general acid— base catalysis in aqueous solution, 
of which the following'may be mentioned: the 
bromination of substituted ketones and ^ m 
ketonic esters (Pedersen, J. Phy’sical Chem. 1933, 
37, 751 ; 1934, 38, 601 ; Lidwell and Bell, Proc. 
Roy. Soc. 1940, A, 176, 88), the bromination of 
nitromethane (Pedersen, Kgl. Danske ^ id. Scl'K. 
Math.-fvs. Medd. 1932, 12, 1). the hydrolysis 
of ortho-esters (Bronsted and tVynne-Jonc?, 
Trans. Faraday Soc. 1929, 25, 59), the decom- 
position of the diazoacefate ion (King and 
Bolinacr, J. Amer. Chem. Soc. 1930, 58, 1533), the 
depohmerisation of dimeric dihydroxyacetone 
(Bell'and Bauchan, J.C.S. 1937, 1917), the 
oxidation of phosphorous and Inyopho^phomvs 
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acids by iodine (Nylen, Z. anorg. Chom. 1937, 
230, 386 ; Griffith, McKeown and Taylor, Trans. 
Earaday Soc. 1940, 36, 752), the formation and 
hydrolysis ^ of semicarhazones (Conant and 
Bartlett, J. Amer. Chem. Soc. 1932, 54, 2881 ; 
Westheimer, ibid. 1934, 56, 1962). 

The theory of general acid-hase catalysis puts 
a new interpretation upon ibe “ spontanemis ” 
rmclion, i.e. that part of the reaction velocity 
which is independent of the concentration of dis- 
solved catalysts. It is now supposed that this 
reaction is not truly spontaneous (though the 
term is still frequently used for convenience), hut 
is due to acid or basic catalysis by the water 
molecules, which can act either as acids or as 
bases. Although the acid or basic strength of 
the H 2 O molecide is very small, it is present in 
very high concentrations, and therefore its 
catalytic effect ma}”^ well be appreciable. There 
are two pieces of evidence which favour this 
interpretation. In the first place, all those 
reactions which exhibit general catalysis by 
acids or by bases also exliibit a measurable 
spontaneous reaction ; conversely, those re- 
actions which appear to be catalysed specifically 
by hydrogen or hydroxyl ions do not exhibit 
any measimable spontaneous reaction. In the 
second place, no spontaneous reaction can be 
detected in solvents which do" not exhibit acidic 
or basic properties : c.g. nitramide is quite stable 
in chloroform solution, and tetramethylglucose 
undergoes no change in carefully purified hj^dro- 
carbon solvents. 

The study of catalysis by acids and bases in 
non-aqiieous solvents throws an interesting light 
on general catalysis. In other hydroxylio 
solvents the condition is similar to that in water, 
except that quantitative interpretation is more 
difficult on account of the paucity of information 
about the behaviour of electrolytes in these 
solvents, and the increased importance of inter- 
ionic effects. However, in inert solvents of 
the hydrocarbon type the position is very 
different. No free ions are formed in these sol- 
vents and, in particular, there are no analogues 
to the hydrogen or hydroxyl ions, since the 
solvent molecule is unable to pick up a proton 
or to spht one off. Any catalytic behaviour 
observed in this type of solvent must therefore 
be due to the molecules of the added acid or 
base, since there are no other catalysts present. 
A number of reactions have been shown to 
exhibit general acid-base catalysis in benzene 
and similar solvents, though more work is 
needed to clear up certain complications winch 
arise in this type of medium (Bell and co- 
workers, J.O.S. 1936-41 ; summary given by 
Bell, Trans. Earaday Soc. 1938, 34, 229). 

(/ ) Th^ Use of Catalytic Measuhements fob 

Deteejuning Hydbogen- and Hydeoxyl. 

Ion Conoenteations. 

Measurements of the velocity of a catalysed 
reaction have long been used as a method for 
determining the concentration of hydrogen or 
hydroxyl ions in a solution. According to the 
classical theory tliis determination is a very 
direct one, since the velocity is supposed to be 
a simple linear function of [OH 3 +"] or [OH~]. 


Later developments introduce some compli- 
cations into this view. Thus it is obvious that 
a reaction exhibifug general acid or base 
catalysis is unsuitab for this purpose, since the 
observed reaction velocity will depend not only 
on the concentration of OH 3 + or OH“, but also 
on the concentrations of other acid or basic 
species present in the solution. Fortunately 
there are a number of reactions which appear to 
exliibit specific catalysis by hydrogen or hydroxyl 
ions, and the most useful of these will be 
described in this section. In another respect 
the modern theory has simplified the interpreta- 
tion of the measured velocity, since it is now 
believed that the velocity is closely proportional 
to the concentration of the catalyst, and not (as 
has often been supposed) to its activity. This is 
illustrated by the data already given in Tables 
III and IV. In some cases it will be necessary 
to take into account the primary salt effect, but 
this is frequently small, and can be allowed 
for or minimised by keeping the salt con- 
centration low. 

The Decomposition of Diazoacetic Ester. 
— ^In acid aqueous solution the following 
reaction takes place : 

CHNa-COOEt-l-HgO 

->CH2(OH)COOEt+N2 

and can be conveniently followed by measuring 
the pressure or volume of the evolved nitrogen. 
It has been shown (Bredig and Fraenkel, Z. 
Elektrochem. 1905, 11, 625 ; Eraenkel, Z. 
physikal. Chem. 1907, 60, 202 ; Spitalsky, Z. 
anorg. Chem. 1907, 54, 278) that the velocity is 
proportional to the hydrogen ion concentration 
in solutions of both strong and weak acids. 
Examples of the results obtained are given in 
Table X. 


Table X. — Decomposition of Diazoacetio 
Estee in Aqueous Solution (20°). 

/;= first-order constant, min."^. 


Catalyst. 

lO^IOHa+l. 

10U\ 

1 

1 

b . 

[OH3+] 

0-000909N. HNO, . . 

9-09 

345 

38-0 

0 00182N. HNO, . . 

18-2 

703 

38-7 

0 OOOSClN. picric acid 

3-G4 

140 

38-3 

0 000909N. picric acid 

0 00990N. w-nitrobon- 

909 

355 

39-1 

zoic acid 

10-8 

632 

37-6 

0-0182fr acetic acid . 

5-03 

218 

38-8 


Measurements in buffer solutions agree with the 
assumption that the hydrogen ion is the only 
effective catalyst, provided that secondary salt 
effects are taken into account (c/. Table VII). 
There is also an unusually large primary salt 
effect, and a further complication arises from the 
fact that in the presence of many^anions a second 
reaction takes place simultaneously, e.g. with 
chlorides, 

CHN2-COOEt-fH + + Ci- 

-2-CH2CI-COOEHN2 

This type of reaction has been found to take 
place in solutions of chlorides, nitrates and 
sulphates, but not of perchlorates and picrates. 
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In spite of these complications the diazoacetic 
ester reaction has been successfully used for the 
measurement of hydrogen ion concentrations, 
and hence of dissociation constants (c/. Bronsted 
et al., Z. physikal. Chem. 1925, 117, 299 ; 1927, 
130, 699 ; 1928, 134, 97). 

The Hydrolysis of Acetals. — These re- 
actions are of the type 

CHo-CH(OB)2-f HgO ->CH3-CHO-f2ROH 

and are catalysed by acids but not by bases. 
They are more suited to the measurement of 
hydrogen ion concentrations than the hydrolysis 
of carboxylic esters, since these latter reactions 
produce acid, wliich interferes -with the system 
under investigation . A large number of different 
acetals have been investigated by Skrabal by a 
chemical method. (For summary and refer- 
ences, see Skrabal, Z. Elektrochem. 1927, 33, 
322.) The possibility of catalysis by undis- 
sociated acid molecules was carefully investi 
gated by Bronsted and co-workers using an 
accurate and convenient dilatometric method 
(Bronsted and Wynne-Jones, Trans. Faraday 
Soc. 1929, 25, 59 ; Bronsted and Grove, J. Amer. 
Chem. Soc. 19.30, 52, 1394). They found that no 
such effect is detectable, and that there is no 
measurable “ spontaneous ” reaction. The first 
point is illustrated by the last four rows in 
Table VIII, where a change in the concentration 
of formic acid from 0-02 n. to 0-3 n. has no effect 
on the reaction velocity when the buffer ratio 
and the ionic strength are kept constant. The 
reaction velocity is thus directly proportional to 
the hydrogen ion concentration -without any 
complications, and by a suitable choice of acetal 
a -wide range of concentrations can be covered. 
Tlius if h is the first order velocity constant at 
20° (min."-^) and c the hydrogen ion concentra- 
tion, we have the foUovdng values of hjc ; 


Ethylacetal . 

Methylacetal 

Ethyleneacetal 


19 

3-92 

0-180 


The primary salt effect is fairly large, but has 
been extensively studied (Bronsted and Grove, 

Z.C.). 

The Decomposition of Diacetone Alcohol.— 
This is a reversible reaction, 

CH3-C0-CH2-C(CH3)20H ^2CH3 C0 CH3 

which, however, goes practically to completion in 
dilute aqueous solutions. It Is catalysed by bases, 
but not by acids, and is accompanied by a large 
volume change so that its velocity can con- 
veniently be followed by a dilatometric method. 
Data have already been given in Table IV to show 
the direct proportionality between reaction velo- 
city and hydroxyl ion concentration in solutions 
of NaOH- (For other data, see French, ibid., 
1929, 51, 3215; Murphy, ibid. 1931, 53, 977.) 
An exhaustive* study has been made of the 
primary salt effect in this reaction (Akerlof, 
ibid. 1926, 48, 3046 ; 1927, 49, 2955 ; 1928, 50, 
1272). There is no catatysis by water molecules 
or by the anions of weak acids, but primary and 
secondary (though not tertiary) amines do exert 
a catalytic effect, and therefore the reaction 
cannot be used for determining hydroxyl ion , 


concentrations ^ in solutions containing these 
molecules. It is believed that this cataly-sis by 
amines is due to a specific chemical mechanism 
and cannot be described as general basic catalysis 
(Miller and Kilpatrick, ibid. 1931, 53, 3217- 
We.stheimer and Cohen, ibid. 1938, 60, 90; Ann 
New York Acad. Sci. 1940, 39, 401 ; Westheimer 
and Jones, J. Amer. Chem. Soc. 1941, 63, 3283). 

The Decomposition of Nitrosotriaceton- 
amine.— TThis is a first order reaction 
place according to the equation 


taking 


CH2-CIVIe2 

! ! 

CO N-NO 


CH„-ClVIe, 


CH:CIVIe2 

I 

CO 


CH:CIVIeo 


+ N2+H2O 


and its velocity can be conveniently studied by 
measuring the pressure or volume of nitrogen 
evolved (Ch'bbens and Francis, J.O.S. 1912, 101, 
2358 ; Francis and Geake, ibid. 1913, 103, 1722; 
Francis, Geake and Roche, ibid. 1915, 107, 1651 ; 

rbnsted and King, J. Amer. Chem. Soc. 1925, 
47, 252,3). The reaction velocity is directly 
proportional to the hydroxyl ion concentration 
up to about 0-5 n., above which concentration 
the reaction appears to be more complex. 
There is no evidence of general base catalysis, 
though no investigations have been specifically 
directed to this point. 

The above four reactions are probably the 
most convenient for measuring hydrogen or 
hydroxyl ion concentrations. It should, however, 
bementionedthatfor most purposes the inversion 
of sucrose and the acid hydrolysis of carboxylic 
esters, both in aqueous solution, can be regarded 
as examples of specific catalysis by hydrogen 
ions. It is a matter of some dispute how far 
undissociated acid molecules can exert a catalytic 
effect, but from a practical point of view such 
effects are certainly very small. 

(p) Relations between Catalytic Power 
AND Acid-Base Strength. 

If the ■ catalytic effects of several acid species 
for a given reaction can be compared, it is 
natural to expect that they -noil bear some 
relation to the acid strengths of the various 
species, in the sense that the stronger acid -will 
be the more effective cataljmt. It has in fact 
been found that this paralleh’sm is a quantita- 
tive one, and it is usually referred to as the 
Bronsted relation, since it was first formulated by 
Bronsted and Pedersen in 1924 as a result^ of 
their work on the decomposition of.nitramide 
(Z. physikal. Chem. 1924, 108, 185). The 
relation can be written in the form 

/;a=GaAJ, or log bA=log Ga+o log Kx- (19) 

where hx is the catalytic constant of a given 
acid catalyst, Kx its dissociation constant, and 
Gx and a are constant for a given reaction, 
solvent, temperature and series of similar 
catalysts. The constant a is always positive and 
less than unity. An exactly analogous equation 
holds for basic catalysis, i.e. 

or log Z-jB=log Gb+^ log Kn • (20) 
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K-r is here tlie ordinary basic dissociation con- 
stant of the catalyst as defined in equation (18). 
It is however convenient for many purposes to 
express the basic strength of the catalyst by 
means of the reciprocal of the acid strength of 
the corresponding acid. As shown in section (d), 
this will not alter the form of equation (20) or 
the value of the constant p, though the value 
of Gb ‘ttfill be changed, and the equation can 
therefore be witten 

or log Z:B=Iog G'B-jSIog Kk (21) 


in such detail as the two illustrated above, but 
the available data indicate similar behaviour for 
both acid- and base-catalyscd reactions in many 
other cases. 

Catalysis by the Hydrogen Ion, the 
Hydroxyl Ion and the Water Molecule should 
in principle be governed by the Bronsted rela- 
tion. It is not, however, easy to test this, since 
there is some difficulty in giving a satisfactory 
numerical measure of the acid-base strengths of 
the species OH3+, OH" and HjO. By formal 
analogy wth the usual expression for the dis- 
sociation constant of an acid HX, i.e. 


The Bronsted relation is analogous to several 
other relations which have been found to exist 
between reaction velocities and equilibrium 
constants, and' some progress has been made 
towards a molecular interpretation of such 
regularities (c/. e.g. Hammett, Chem. Reviews, 

1935, 17, 125; Trans. Faraday Soc. 1938, 34, 
166; Horiuti and Polanyi, Acta Ph3'sicochim. 
U.R.S.S. 1935, 3, 505; Bell, Proc. Roy. Soc. 

1936, A, 154, 414). However, there is no strict 
theoretical basis for these relations, and their 
accuracj' or range of validity can only be deter- 
mined by appeal to experiment. Actually the 
Bronsted-relation has been found to hold without 
systematic deviations in all the reactions for 
which general acid-base catalysis has been 
estabhshed, though the closeness with which it 
is obeyed varies somewhat from case to case. 
In the exact application of this relation to the 
experimental data it is necessary to take into 
account the so-called statistical effect, depending 
upon the number of points in the catalyst mole- 
cule at which a proton can be lost or picked 
up. However, the application of this correction 
rarely has much effect on the degree of agree- 
ment with the Bronsted relation, and in any 
case the way in which it should be applied 
in particular .cases is often a matter of dis- 
pute, and is not discussed here (c/. Bronsted 

■ and Pedersen, Z. physikal. Chem. 1924, 108, 
185; Bronsted, Chem. Reviews, 1928, 5, 322; 
Pedersen, J. Physical Chem. 1934, 38, 581 ; 
Trans. Faraday Soc. 1938, 34, 237 ; Westheimer, 
J. Org. Chem. 1938, 2, 431). 

Typical examples of the validity of the 
Bronsted relation are shown in Figs. 2 and 3, in 
which the symbols p and q refer to the statistical 
effect mentioned above (cf. section e, pp. 249c 
and 250a). 

In each case the logarithm of the eatalytic 
constant is plotted as ordinate against the 
logarithm of the dissociation constant of the 
corresponding acid as abscissa : cf. equation (21). 
For the decomposition of nitramide (Fig. 2) the 
points lie well on four straight lines, one corre- 
sponding to each class of bases investigated. 
The concordance is good, and usually within the 
limits of the experimental error. 

For the mutarotation of glucose the agree- 
ment is not so good for any one class of catalyst, 
with the result that any differences between the 
classes as a whole are masked. As vtU be seen 
from Fig. 3, the data for a very varied selection 
of catalysts can be represented with moderate 
accuracy by a single relationship. There are 
no other reactions which have been investigated 


we can write 


^ [HXJ 


/fAlH^O) 


[oh3^-3[OH-3 

[H20] 

at 18° 

55-5 Il-79xl0-i« at 25° 


where 55-5 is the number of gram-molecules of 
HgO in a litre of water. SimUarty, the formal 



Fig. 2. — The Becompositiok of 
Niteajiide. 


G Bases with two positive charges, e.ff. 

[Co[NHs)s(OH)] . 
if, Bases v'ith no charge, e.g. aniline. 

O Bases with one negative charge, e.g. acetate ion. 
9 Bases with two negative charges, c.g. oxalate ion. 

expression for the acid strength ■ of the ion 
OH is (cf. equation (16) for the ammonium ion) 

AA(OH3+)=^-^i^3^^=[Hg03=55-6 (23) 

The basic strengths of OH" and HgO are then 
conveniently measured by the reciprocals of 
these acid constants for their corresponding 
acids HgO and OHg'*'. These values cannot be 
strictly compared with the corresponding ones 
for other acids and bases, since they involve the 
supposed volume concentration of HgO mole- 
cules in water, a quantity which is clearly un- 
suited for use in the calculation of a mass action 
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Fig, 3. — ^The Mgtaeotation of Glucose. 


Key to figures : 4 histidine, 5 a-picoline, 7 pyridine, 8 trimethyiacctate ion, 
9 propionate ion, 10 quinoline, 11 acetate ion, 12 phenylacetate ion, 13 
glutamate ion, 14 benzoate ion, 16 o-toluate ion, 17 glycollate ion, 18 
aspartate ion, IQhippurate ion, 20 formate ion, 21 a-alanine, 22mandelatc 
ion, 2.3' saUcylate ion, 24 o-chlorobenzoate ion, 25 chloroacetate ion, 20 cyano- 
acetate ion, 27 p-benzobetaine, 28 sarcosine, 29 lysine hydrochloride, 30 
arginine hydrochloride, 31 sulphate ion, 32 proline, 33 dimethylglycine, 34 
betaine, 35 ivater. 


constant: hoirever, the values may serr^e to 
give a rough estimate of the acid-base strengths 
concerned. Moreover, in the case of catalysis 
by the vater molecule the catalytic constant for 
HgO has to be evaluated by dividing the 
“ spontaneous ” velocity hg by the concentration 
of water molecules (5o-5), so that the latter figure 
enters into the calculation of both the catalytic 
constant and the acid-base strength, and the 


uncertainty attached to its use may to some 
extent cancel out in the comparison. 

Some of the e.xperimental data for catalysis 
by hydroxyl ions and water molecules are shown 
in Table XI. The water molecule is throughout 
acting as a base, and the calculated values of 
^'OH- and Z:h 20 are obtained from equation (21), 
using values of G'n and ^ derived from the 
experimental data for other basic catalysts. 


Table XI. — Catalysis by Hydboxyl loss .xxn Water Molecules. 


Reaction. 

ZriTjo 

t 

1 /.'orr" 

Obs. 

Calc. 

Obs. 

Calc. 

Decomposition of nitramide ^ . 
i\Iutarotation of glucose ~ . 

lodination of acetone “ .... 

lodination of acetonylacetone ® 
lodination of monochloroacetone ^ 
lodination of monobromoacetone ^ 
Bromination of dicliloroacetone ^ . 
Bromination of acetoaeetic ester ^ 
Bromination of acetylacetone ^ 
Bromination of acetoacetie acid “ 

0-8xI0-« 
9-6 X 10-5 

0- Ox 10-10 
2'.oxl0-o 
5-8X10-S 
2-9x10-1 
7-9x10-1 

1- 3x10-5 
1-2x10-5 
1-4x10-1 

8-2x10-0 

C-GxlO-5 

8-0x10-“ 

1- 5x10-10 

2- GxlO-s 
4-4xl0-« 

3- 0x10-1 

4- 3x10-5 
0-9 X -10-5 
G-oxlO-i 

l-OxIO® 

3-8x105 

1-5x10 

1-0x105 

5-0x105 

1- 2x101 

2- 7 X 10* 

1-OxIOO 
7-4x105 
5-2 X lOi 

5-5 X 10® 
1-5X100 

i-oxioi 

1-4x101 


* Marlies and La Mer, J. Ainer. Cbcm. .Soc. 1935, 57, 1812. 
- l^wrj’ .and Wil=on, Trans, r.araday Soc. 1928, 42, CS3. 

^ Bell and Lidwell, I’roc. Roy. Soc. 1910, A, 176, 88 . 
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This calculation normally involves an extra- 
polation through at least -four powers of ten, 
and hence no weight can he attached to the 
presence or absence of exact agreement between 
observed and calculated values. In fact, the 
agreement to within a power of ten found for 
water catalysis is probably as good as can be 
expected, and confirms the view that the 
“ spontaneous ” reaction is in fact due to basic 
catatysis by water molecules. On the other 
hand, there is in all cases (except in the mutaro- 
tation of glucose) a large systematic discrepancy 
for catalysis by the hydroxyl ion, and it is likely 
that this represents a real effect, i.e. that the 
Bronsted relation is not applicable over the very 
wide range of basic strengths involved (c/. Bell 
and Lidwell, lx.). 

The application of the Bronsted relation to 
catalysis in non-aqueous sohitions has been tested 
for a number of reactions and solvents. In 
many cases there are no data available for the 
acid-base strengths of the catalysts in the 
solvents in question, and in such cases the 
strengths in water have been commonly used for 
comparison. This procedure is justifiable, since 
there is much evidence to show that the relative 
strength of two acids of the same charge type 
is little affected by change of solvent : hence the 
use of strengths appropriate to another solvent 
will only have the effect of changing the value 
of the constant 0 in equations (19)-(21). 
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log Kfj.g 

Eig. 4. — ^Thb Decomposition or Nitbamide 
IN ?w-Cbesol, 

Eigs. 4 and 5 illustrate the usual logarithmic 
plot for two catalysed reactions in non-aqueous 
solvents. In the decomposition of nitramide in 
m-cresol (Bronsted, Nicholson and Delbaneo, 
Z. physikal. Chem. 1934, 169, 379) the basic 
constants (Am.b) were obtained directly from 
indicator measurements in the same solvent. 
On the other hand, in the rearrangement of 
N-bromoacetanilide (to give ^-bromoacetanilide) 
(Bell, Proc. Eoy. Soc. 1934, A, 143, 377) the 
acid constants given (I{g) are those in aqueous 
solution. 

(^) The Mechanism of Acib-Base 
Catalysis. 

The term “ catalysis ” is often used to describe 
the prometioti of a chemical change by some 
physical agency, as, for example, the effect of a 


surface in a heterogeneous gas reaction, or of 
paramagnetic molecules in the conversion of 
para- to ortho-hydrogen. _ It was originally 
thought that catalysis by acids and bases was 
clue to some physical effect of this Icind, which 
was vaguely connected with the supposed small 
size of the hydrogen ion or the high mobilities 
of h 3 'drogen and hydroxyl ions. However, 
modern views accept a much more “ chemical ” 
explanation, according to which catal 3 "sis by 
acids and bases is due to an aetd-base reaction 
between the catalyst and the substrate. Tliis view 
leads to the same kinetic laws as the physical 
pictiwe of catalysis, provided that the extent of 
of the reaction between the catalyst and the 
substrate is small, and that the catalyst emerges 
unchanged from that reaction. The catalyst 
is thus supposed to take an essential part in the 
reaction mechanism, and not merely to speed 
up an. uncatalyaed process. In confirmation of 



Eig. 5. — The Reabrangement of N-Beomo- 

AOETANILIDE IN CHLOROBENZENE. 


this view, it is generally found that reactions 
catalysed by acids and bases do not take place 
at all in the absence of catalysts (including 
catalytic impurities fortuitously present). As 
already indicated, the so-called “ spontaneous ” 
reaction in aqueous and similar solutions is not 
a truly spontaneous reaction, but depends upon 
acid-base catalysis by the solvent molecules. 
Further, the assumption of an aeid-base reaction 
betw'een catalyst and substrate provides a 
reasonable explanation of the existence of 
general catalysis by acids and bases, and of re- 
lations between catalytic power and acid-base 
strength. 

Substances commonly acting as substrates are 
such weak acids or bases that their acidic or 
bamc properties are barely detectable, and a 
simple acid-base reaction between catalyst and 
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imbstrate will normally proceed to such a small 
extent that no observable result is produced. 
In an actual catalysed reaction the produc-ts 
of this initial acid-base reaction must be capable 
of undergoing some further change leading to an 
observable result. For example, in the decom- 
position of nitramide it is suggested that the 
basic catalyst acts by removing a proton from 
NH:NOOH, the tautomeric form of nitramide, 
forming the ion [N ;NOO K]~, which is unstable 
and decomposes rapidly. In other cases it may 
be necessary to add another reagent to produce 
the reaction : e.g. in the reaction of acetone 
with halogens (basic catalysis) it is believed that 
the effect of the basic catalyst is to produce very 
small quantities of the ion [CHj-CO-CH,]-, 
which then reacts rapidly with the halogen. 

Acid— base reactions (e.g. the neutrahsation of 
acids and bases) usually take place at a rate too 
great for- measurement, but it is beh'eved that 
this is not always the case for the reactions 
between catalyst and substrate. Such slowness 
of reaction is associated with me^omeriem, i.e. 
the existence of two possible electronic struc- 
tures for the ion produced. This kind of be 
haviour is met with in an extreme form in sub 
stanc-es known as pseudo-acids and pseudo- 
bases. For example, the normal form of nitro- 
methane has the structure CHg-N Oo, and would 
not be expected to ionise to any appreciable 
extent in the presence of sodium hydroxide. 
Actually it reacts completely with sodium 
hydroxide to give a salt, though the reaction 
takes place at a measurable speed. This i= 

© 

because the ion formed is not CH 2 'N 02 , but 
has the alternative electronic structure 

CH2:N( e 

The reaction with hydroxyl . ions would not 
normally be classed as an example of catalysis, 
but the bromination of nitromethane is catalysed 
by bases like the acetate ion, and no doubt 
involves the formation of the same nitromethyl 
ion.^ 

In many eases, however (particularly in acid 
catalysis), the reac-tion between catalyst and 
substrate is assumed to be a rapid one, and the 
products of this reaction then undergo further 
but slow transformation. It is often ditSeult to 
determine the relative rates of the successive 
stages, and the matter is often complicated by 
the fact that acids and bases may take part in 
several stages of the observed change (e.g. 
Pedersen, J. Phvsical Chem. 1934, 38, 581; 
Trans. Faradav Soc. 1938, 34, 237 ; Bell, Proc. 
Roy. Soc. 1936, A, 154, 414; “ Acid-Base Cata- 
lysis,” Oxford, 1941, Chapter YI; SkrabaL Z. 
Elektrochem. 1927, 33, 322). 

^ Ifc was foxmsiiv assumed th&t both the neutralisa- 
tion and the bromination of nitro-paraffins involved 
the intermediate formation of the aci-form, e.g. 

rO 

CH,:N/ 

However, ifc has been shown clearlv (Pedersen, Kgl. 
Danske Vid. Selsh. Math.-fvs. Sledd. 1932, 12, yo. 1 ; 
J. Physical Chem. 1934, 38, 5S1) that the evidence is 
against the formation of undissociated cci-nitro- 
methane in these reactions. 


A_ veiy large amount of work has been done 
during the last twenty years on the mechanism 
of individual catalysed reactions (cf. Watson, 
“ ilodem Theories of Organic Chemistry,” 2nd 
ed., Oxford, 1941 ; Hammett, “ Physical Organic 
Chemistry,” New York, 1940). The followunr 
examples are given of the kind of conclusions 
reached in two important groups of reactions— 
the prototropy of ketones, and the hydrolysis of 
esters — ^ivithout going into the evidence on which 
these conclusions are based. 

(i) The Prototropy of Ketones.— A large 
group of tautomeric changes are commonly 
described as prololropic changes and can be 
represented by the general scheme 


HX-Y;Z ^ X:Y-ZH 

where X, Y and Z are normally either carbon, 
nitrogen or oxygen. The foUowing are examples : 

f I i I 

HC-C:0 ^C:C'OH 

i 1 

(keto-enol). 


HN-C:0=^N:C'0H 

f 

(lactam-laclim). 

I ! 

HC-N:O^C:N-OH 

1 I 

(nitroso-j>om'troso). 


HC-C:C^C:C-CH 

1 ! i i 


(three-carbon tautomerism). 


All these reactions are catalysed by acids and/or 
bases, and the accepted mechanisms involve 
the addition of a proton at one point of the 
molecule and the removal of a proton from ‘ 
another point; hence the term prototropic. 
In the interconversion of a keto form and an 
enol form (i.e. of ketones or related compounds) 
the supposed mechanisms are as follows, A 
representing an acid and B the corresponding 
base. 


Basic Catalysis. 
'>CH-6o-kB 




>C-C:0 
>C:C-0 


c.e/ 
ycczo 

yC:C-0 

I. 


-fA 






Acid Catalysis, 
>CH-C:0-kA 


f A — % 




CH-C:OH^-fB 

n. 


yCH-CzOH" -f B' 


^yCzC-OH+A'. 



HOjMOGENEOUS catalysis. 257 

It ■will bo scon that in basic catalysis the second it has been’ shown in one instance that the rales 
stage of the reaction involves reaction with an of racemisation and broinination are identical 
acid, while the second stage of acid catatysis (Bsu and Wilson, J.C.S. 1936, 023), and in 
involves reaction with a base. . Normally it is another instance that the rates of racemisation 
not necessai’y deliberately to add both an acid and deuterium exchange are identical (Hsii, 
and a basic catalyst. In a hydrox-ylic solvent Ingold and Wilson, ibid. 1938, 78). Similarly, 
the solvent molecules can act either as acids or for acid catalysis 'the equality of the rates of 
bases as required, while in a solvent not possess- bromination and racemisation has been estab- 
ing acid-base properties the acidor base required lished for two ketones (Ingold and Wilson, ibid. 
in the second stage can be identical with the 1934. 773 ; Bartlett and Stauffer. J. Amer. 


product of the first stage : i.e. A'=A and B'=B 
in the above schemes. 

The ion (I) formed in basic catalysis has been 
written with two different structures, differing 
only in their electronic distribution. In older 
views of the process it was supposed that the 
upper of these two structures was first formed 
from the ketone, .and that it then changed 
rapidly into the lower structure. According to 
modern views these two forms have no separate 
existence, the actual state of the ion being a 
resonance hybrid (or mesomei'ic state) of the two 
classical structures represented by the formulm 
given. The excess negative charge is distributed 
between the carbon and oxj'^geu atoms, and when 
the ioA takes up a proton it may produce either 
the keto or the enol form. 

. The actual interconversion of keto and enol 
forms has only been studied in a very few cases, 
and cannot be observed in the case of simple 
ketones on account of the instability of the enol 
form. There are, however, a number of ob- 
servable processes which are closely related to 
the reaction schemes given above. The ion (I) 
formed in basic catalysis reacts very rapidly 
wth halogens, and many measurements have 
been made on the halogenation of ketones and 
related substances. The rate of reaction is 
independent of the nature and concentration of 
the halogen, being determined by the rate at 
which the ion (I) is formed by the reaction 
between the ketone and the catalyst. The rate 
of isotopic exchange between the ketone and a 
hydroxylic solvent containing deuterimn is also 
determined by the rate of formation of the ion 
(I), and has been measured in a few instances. 
Finally, in an optically active ketone of the 
structure EjEjCH-CO-R, the rate of racemisa- 
tion under conditions of basic catalysis •will also 
be equal to the rate of formation of the ion (I), 
which is equally likely to revert to either optical 
antipode. 

The halogenation and racemisation of ketones 
was originally believed to involve the actual 
production of the enol form, which is known to 
react rapidly -with halogens and which cannot 
retain optical activity. However, it is now 
believed that under conditions of basic catalysis 
the formation of the ion is sufficient for both 
halogenation and racemisation, the enol not being 
produced. In acid catalysis, on the other hand, 
formation of the ion (II) ‘sviU not lead to either 
racemisation, isotope exchange or reaction with 
halogen, and under these conditions actual 
formation of the enol is necessary for any of 
these processes to take place. 

The above interpretation can be tested by 
comparing the rates at wliich the different 
processes take place rmder identical catalytic 
conditions. Under conditions of basic catalysis 

Von. VI.— 17 


Chem. Soc. 1935, 57, 2580) and equality in the 
rates of bromination and deuterium exchange 
for another ketone (Reitz, Z. physikal. Chem. 
1937, 179, 119) : this would be expected if the 
equilibrium amount of enol is so small that the 
back reaction can be neglected. 

(ii) The Hydrolysis of Esters. — The 
mechanism of this important class of reactions 
has been formulated in a large number of 
different ways. However, many of these differ 
only in a. formal way, or in some details which 
Cannot be tested experimentally. The schemes 
given here represent one of the simplest possible 
formulations (cf. Day and Ingold, Trans. Fara- 
day Soc. 1941, 37, 686). 

The hydrolysis of an ester by means of 
hydroxyl ions probably represents a specific 
reaction which is not properly classed as basic 
Catalysis. It has been maintained (e.g. Dawson 
and Lowson, J.C.S. 1927, 2444) that other basic 
Species such as the acetate ion can exert a 
Catalytic effect, but the evidence for this is at 
best inconclusive. The probable mechanism for 
the reaction with hydroxyl ions can be written 

R\ ■ 

>C— OR-bOH- 

■■ 


LV. 

>C— OH-bOR- - 5 - 


R\ e 

\C— O-bROH 

The first step of tho reaction is in principle 
reversible, but since the second step goes to 
completion this reversibility is never observed. 

It -will be seen that the bond between carbon 
and oxygen is broken (acyl fission), a supposition 
■which is supported by experiments on oxygen 
isotope interchange and also by the retention of 
optical activity during hydrolysis when the 
group R is asymmetric. 

The acid hydrolysis of an ester, on the other - 
hand, represents a true case of acid catalysis. 
Attempts to estabhsh catalysis by species other 
than hydrogen ions in aqueous solution (Dawson 
and Lowson, ibid. 1929, 393) are difficult to 
interpret with certainty owing to the high salt 
concentrations used. However, there is good 
e^vidence that the reverse reaction (esterification) 
is catalysed by undissociated acid molecules in 
alcohol solution (Rolfe and Hinshelwood, Trans. 
Faraday Soc. 1934, 30, 935 ; Hinshelwood and 
Regard, J.C.S. 1935, 587), and any proposed 
mechanism must therefore be consonant with 
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gpneral acid catalysis. The first step can be 
written 

R\ s 

>C— OR+A^ ^C— OHR+B 

where A is an acid (wiiich may be the hj’drogen 
ion) and B its corresponding base. The further 
reaction of the ion formed tabes place according 
to the scheme 

P'-'v e e 

>C— OHR+HgO^ >C— OHg+ROH 

This change need not take place as a simple 
bimolecular reaction, but may involve pre- 
liminary fission of the ion. There are various 
possibilities for this detailed mechanism, which 
can in some cases be distingmshed by the kinetic j 
behaviour of the reaction, or 133’^ the optical 
behaviour (racemisation,. retention of con- 
figuration or inversion) when R is asymmetric. 
The extent to which the different possibilities 
have been realised in practice is discussed in 
detail by Day and Ingold (Z.c.). Finally the 
ordinary acid molecule is formed by the reaction : 

Q R' 

\C— OHo-fB'^ >C-OH-fA' 

I 

where the acid-base pair A'-B' may or may not 
be the same as that involved in the first step of 
the reaction. All the stages given are reversible, 
and the mechanism therefore applies both to 
hydrolysis and to esterification in the presence 
of acid catalysts. 

(i) Otheb Types of Positive Catalysis 
ii« Solution. 

There are a number of instances of homo- 
geneous catalysis in solution which do not fall 
under the head of acid— base catalysis. In some 
of these enough is known about the mechanism 
to show that it depends on alternate oxidation 
and reduction of the catalyst, while in other cases 
the existence of several valenc3’ states makes it 
probable that the same type of explanation 
holds. The following example illustrate the 
kind of behaviour met with. 

The Decomposition of Hydrogen Per- 
oxide is catalysed by iodide ions in neutral 
solution, the reaction velocity being directly 
proportional to the concentrations of hydrogen 
peroxide and of iodide ion. The reaction 
mechanism has been elucidated by a number of 
workers (see summary by Bray, Chem, Reviews, 
1932, 10, 172 ; cf. also Liebhafsky and Moham- 
med, J. Amer. Chem. Soe. 1933, 55, 3977). The 
foUoiving reactions can take place ; 

H202-M-->H20-|-IO-(s1ow) 

W IO--f I--I-2H+ ia+HgO (fast) 

(6) H202-M2^2H+-b2I--f02 

In a solution containing originally only iodide 
ions, reactions (a) onty can take place to begin 
with. However, as soon as some iodine has 
been produced reaction (b) sets in, and after 


a very short -time the velocities of the two 
reactions become equal, the net result being 
2H0O2 2H20-{-02. Since the reaction (b) 

has a much greater velocity constant than (a), 
the equilibrium amount of 1 2 is much smaller 
than that of |-. The reaction velocity is 
therefore given by v=Jc[H^O^\\-1, ’«'here |- is 
praeticall3’’ equal to the original concentration of 
iodide ion. The velocity of reaction (a) can be 
measured separately by using solutions buffered 
to a moderate h3'’drogen ion concentration suffi- 
cient to prevent (b), and the velocity of iodine 
production is found to equal the rate of decom- 
position of hydrogen peroxide in neutral solution. 

The Reaction of Hydrogen Peroxide 
with Thiosulphates is also catalysed byiodide 
ions. In tins case there is an uncatalysed 
reaction represented by 

H202-b2S203=-b2H+ -^2H20-bS406= 

the velocit}’' of which is proportional to 
[H202][S203“J, and independent of [H+]. The 
addition of iodide ions causes an increase in 
velocit3" which is proportional to [H202][I“], 
and independent of both |'S203~1 and 
This is explained (Abel, Z. Elektrochem. 1907, 
13, 555) b}' the reaction scheme : 

HgOg-l- I- HjO-b I O- (slow) 

1 0--f 2S203=-f2H+ -> S^Oe=+ |--f HjO (fast) 

The same reaction is catatysed by molybdic 
acid, but in this case the products are different, 
the change being 

4H202-fS203= -^2S04=-|-2H+-f-3H20. 

The total rate of sulphate production (which 
must be disentangled from the tetrathionate 
production mentioned above) is given by an 
equation of the form 

t^=(*i+/-2[H*])[Mo03][S203-] 

being independent of the concentration of 
hydrogen peroxide. It is assumed that aU the 
rnotybdate is converted immediately by the 
hydrogen peroxide into the permolybdate ion 
MoOs", a small proportion of which reacts 
wdth the h3’drogen ion to give HMoOg". Both 
the ions MoOg^ and HMoOg- oxidise the 
thiosulphate to sidphate at measurable but 
different rates, forming molybdate, which is 
immediately reconverted to permolybdate by 
the hydrogen peroxide (Abel, ibid. 1912, 18, 
705 ; Monatsh. 1912, 34, 425, 821). 

Catalysis by Metallic Ions is inet with in 
many reactions, though the mechanism is 
usually a matter of speculation. Many of the 
reactions involve oxidation or reduction, and 
in such cases the catatysing ion is normally one 
which can exist in more than one valenc}’’ state : 
for example, it is well known that the decom- 
position of a hypochlorite solution to give ox3’gen 
is catal3'sed by cobalt salts, and it is supposed 
that the cobalt is alternately o.xidised to the 
cobaltic state and reduced to the cobaltous state. 
Other examples are the decomposition of hydro- 
gen peroxide, catatysed by chromate ions 
(Spitalsky and Kohoseff, Z. physikal. Chem. 1927, 
127, 129) ; the oxidation of iodides by hydrogen 
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peroxide, catalysed by iron and copper ions, 
molybdates and tungstates (Erode, ibid. 1901, 
37, 267) ; the oxidation of siilphites by oxygen, 
catalysed by iron and copper ions (Titofif, ibid. 
1903, 45, 641); and the anodic oxidation of 
many substances, catalysed by ceric ions. A 
special type of behaviour is met with in some 
reactions of this kind, in that when two catalysts 
are present simultaneously, their effect is greater 
than the sum of their catalytic eflfects when 
present singly. This behaviour is often referred 
to as promoter action. Examples are the effect 
of copper and iron salts in the reaction between 
persulphates and iodides (Price, ibid. 1898, 27, 
474), in the reaction between hydrogen peroxide 
and iodides (Erode, ibid. 1901, 37, 257), and 
in the reaction between sulphites and per- 
sulphates (Schilow and Euligin, Chem.-Ztg. 
1913, 37, 612) ; also the effect of copper and 
mercuric salts in the oxidation of various 
organic compounds by concentrated sulphuric 
acid (Eredig and Erown, Z. physikal. Chem. 
1903, 46, 602). It is possible to obtain a general 
explanation of this promoter action in terms of 
intermediate compounds even without a Imow- 
ledge of the actual intermediate stages in any 
particular case (Spitalsky, ibid. 1926, 122, 257). 

Catalysis of Organic Reactions by 
Metallic Halogenides (notably of aluminium, 
iron and boron) constitutes a different class of 
homogeneous catalysis. There is of course a 
large mass of literature on preparative organic 
chemistry which deals with this type of reaction, 
but only a few examples of recent work will be 
referred to in which evidence has been obtained 
of the mechanism of catalysis. The best known 
example is the Friedel-Crafts reaction, in which a 
hydrocarbon (usually aromatic) is alkylated or 
acylated by alkyl- or acyl-halogenides in the pre- 
sence of aluminium chloride or other halogenides. 
It is now generally agreed (c/. Wertyporoch, 
Eer. 1931, 64 [E], 1375; Linstead, Chem. Soc. 
Annual Kep. 1937, 34, 251 ; Nightingale, Chem, 
Keviews, 1939, 25, 329) that the first step con- 
sists of the addition of the aluminium chloride 
to the organic halogenides to give a complex 
which is readily ionised, e.g. 

RCl-f AlClg -> [R]+[AICI J- 

Eecent evidence of this has been provided by 
exchange experiments using radioactive chlorine 
(Eairbrother. J.C.S. 1937, 603). The positive 
ion E+ or RCO+ then acts as the alkylating or 
aeylating agent, e.g. with benzene : 



HC CH 
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HC CH 

CH 


E CH 
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the aluminium chloride being regenerated by the 
reaction : 


AICl4--f H+ AlClg-f HCl. 


Of recent years boron trifluoride has been in- 
creasingly used in conjunction with alcohols, 
ethers and esters as an alkylating agent for 
hydrocarbons. The mechanism assumed is 
similar, i.e. (Price and Ciskowski, J. Amer. 
Chem. Soc. 1938, 60, 2499) 


R' 


> 


BF 




[R'O BF3J-4-R+ 
[RO->BF3]--fR'-f 


where R is an alkyl group, R' either alkyl, acyl 
or hydrogen, and the choice between the 
alternatives in the last stage depends on the 
nature of the groups. The positive ion then 
reacts with the hydrocarbon as above. As in 
all mechanisms of this land, it may be left an 
open question whether the ion R+ exists in 
the free state, or whether the complex under- 
goes ionisation in this sense on the approach of 
the hydrocarbon. There is, however, a good 
deal of independent evidence of ionisation when 
BFg interacts Avith organic oxygen compoimds 
(Meerwein and Paimwitz, J. pr. Chem. 1934, 
[ii], 141, 123). Boron trifluoride has also been 
found to catalyse another class of reactions, 
which are usually effected by means of basic 
catalysts, though acid catalysts have also been 
used (Hauser and BresloAv, J. Amer. Chem. Soc. 
1940, 62, 2385). Among these are the aldol 
condensation, sometimes followed by loss of 
water, i.e. 


R C=0 4- H2C-C=0 
(a) (6) 

III ‘III 

R C-CH-C=0 ^ R C=C-C=0+H„0 

1 

OH 

the Claisen condensation. 


C = 0-f-HC-C=0 

1 I 

OR 

(a) (b) 


J 


0 = C-C-C=0 -f ROH 
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smaU number of intermediates in these chains 
can produce a large decrease in reaction velocity. 
It is assumed that the act of chain breaking 
involves the oxidation of the alcohol (or other 
inhibitor), and it has proved possible to detect 
the very smaU amounts of oxidation produets 
formed, and to show that the rate at wliich they 
are produced agrees with the shortening in the 
chain length of the sulphite oxidation. 

There is stiU some difference of opinion as to 
the actual nature of tlie reaction chain. Host 
workers agree that the primary process is the 
production of the singly charged ion SOg” 
by loss of an electron from as suggested 

bj"- Haber (Naturwiss. 1931, 19, 460 ; Haber and 
Eranck, Sitzimgsber. Preuss. Alcad. Wiss. 
Berlin, 1931, 250). The positive catal3dic effect 
of cupric ions is then explained by the reaction 

Cu*^"^-|-S 03 SOg"”* 

According to Haber the subsequent chain 
process is 

SOg-HOa+HaO+SOa^ -> 2 S 04 = + 0H+ 

OH+SOg- ->S03~+0H~, etc. 

where the chain can be broken by the oxidation 
of the inhibitor by the radical OH. Other 
writers prefer. a mechanism involving hydrogen 
peroxide in place of the radical OH, while 
Biickstrom (Z. physikal. Chem. 1934, B, 25, 122) 
VTites 


S0a-+02->S05- 

S05-+2HS03-->2HS04-+S03-, etc. 

the chain breaking being caused by oxidation of 
the inhibitor by the ion SOg", considered to 
have the structure 


02S<^ 


e 

.O 

0 - 0 - 


Similar behaviour is met with in the oxidation 
of aldehydes in solution by gaseous oxygen, this 
reaction also being a chain reaction promoted by 
metallic ions and by ultra-violet light, and 
inhibited by alcohols (c/. Backstrom, he.). In 
this case, however, the position is more com- 
plicated, since the amounts of inhibitor oxidised 
do not agree with those calculated on the basis 
of a simple chain-breaking mechanism. The 
literature contains many other examples of 
negative catalysis which have not been studied 
in detail, but which probably aU depend on 
breaking of reaction chains. For example, the 
so-called “ activated oxalic acid ” (prepared by 
the action of potassium permanganate on an 
excess of oxalic acid) probably involves free 
radicals of long life, and its activity is greatly 
reduced by small concentrations of many 
oxidisable substances, notably phenols and 
certain dye-stuffs in concentrations as low as 
10 -’n. (Weber, ibid. 1934, B, 25, 363). 

Bibliography. — E. K. Rideal and H. S. Taylor, 
“ Catalysis in Theory and Practice,” klacmillan, 
1926; J. H. Bronsted, “Acid and Basic 
Catalysis,” Chem. Beviews, 1928, 5, 231 ; G.-M. 


Schwab', H, S. Taylor and R. Spence, “ Cata- 
lysis,” Macmillan, 1937 ; R. P. Bell, “ Acid- 
Base Catalysis,” Oxford, 1941. 

R. P. B. 

HOMOGENISERS {v. Vol. IV, 295c). - 
HOMOGENTISIC ACID, 


OH 



OH 

I. 


2:5-Dihydroxyphenvlacetic acid, m.p. (an- 
hydrous) 162-154°. 

The acid occurs in the urine of individuals 
suffering from alkaptonuria, the urine becoming 
brown on the addition of alkali in the presence 
of oxygen. It also occurs in the blood of 
alkaptonurics. The acid was first isolated and 
identified by Wolkow and Baumann (Z. physiol. 
Chem. 1891, 15, 241), 

To 100 ml. of urine 5-6 g. lead acetate are 
added, boiled, and the Ph adjusted to 5-6 by the 
addition of aqueous ammonia, and the lead salt 
allowed to crystallise. After recrystallisation 
under similar conditions the salt is decomposed 
with hydrogen sulphide. Finally the solution 
is concentrated under reduced hj'drogen pressure 
and saturated with sidphur dioxide, the acid 
separating on cooling (G, Medes, A. 1934, 
206). 

The homogentisic acid found in the urine 
probably arises from degradation of tyrosine 
and phenylalanine (O..Neubauer, Chem. Zentr. 
1909, II, 50 ; L. Blum, Arch. exp. Path. Pharm, 
1908, 59, 273). Whether its presence is due to 
the failure of the aUcaptonuric to destroy the 
homogentisic acid when formed, or to abnormal 
katabolism is not kno'wn (0. Gross, Bio chem. Z. 
1914, 61, 165; A. J. Wakeman and H. D. 
Dakin, J. Biol. Chem. 1911, 9, 139; H. D. 
Dakin, ibid. 1911, 9, 151). 

According to Blum (l.c.) and E. Friedmann 
(Beitr. ,chem. Physiol. Path. 1908, 11, 304), in 
the conversion of tyrosine into homogentisic 
acid the side chain is first degraded, then a rela- 
tive change of position of the side chain and 
the hydroxyl group takes place, with a secondary 
oxidation concurrently ; finally a reduction 
occurs. 


CH3-CH(NH2)C00H 


OH 


HOs^^CHg-COaH 
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According to Y. Kotake (Chem. Zentr. 1923, I, 
117) the change occurs as follows : 


Z-tyrosine 


OH 


I. 


CH.-COCOOH 


Homogentisic acid may be synthesised by 
heating quinol dimethyl ether dissolved in 
carbon disulphide with ethyl chloroacetate and 
aluminium chloride and subsequent demethyla- 
tion noth fuming hydriodic acid and red phos- 
phorus (Osborne, J. Physiol. 1903, 29, 14; 
Baumann and Frankel, Z. physiol. Chem. 1895, 
20, 224). Also from the aUjd ether of qumol 
monobenzoate (G. Hahn and W. Stenner, ibid. 
1929, 181, 88). 

Homogentisic acid passes into the lactone, 

/ ° \ 

HOCgH,/ >CO 

'■ch/ 


m.p. 191°, on heating. The lead salt has m.p. 
214-215°, it is soluble in 675 parts of water at 
20°. Ethyl ester, m.p. 119-120°. 

Homogentisic acid readily reduces copper and 
silver salts; it gives a blue colour with ferric 
chloride and on distillation from ferric chloride 
solution gives a substance, m.p. 89-90° (C. T. 

'Morner, ibid. 1921, 117, 67). It yields gentisic 
acid (hydroquinone carboxylic acid) on fusion 
with potassium 'hydroxide at 196-198°. With 
amines it gives characteristic colours (C. T. 
Momer, ibid. 1910, 69, 329). 

Estimation . — ^The acid may be estimated in 
milk and blood by precipitating the albumin 
with sodium tungstate and estimating the acid 
in the filtrate colorimetricaUy -vvith phospho- 
tungstic acid (H. Lieb and P. Lanyar, ibid. 
1931, 203, 135 ; c/. H. P. Briggs, J. Biol. Chem. 
1922, 51, 453, and G. Katsch and E. Metz, 
Chem. Zentr. 1928, I, 386). 

In urine the homogentisic acid may be esti- 
mated iodometrically (H. Lieb and F. Lanyar, 
Z. physiol. Chem. 1929, 181, 199 ; E. Metz, 
Biochem. Z. 1927, 190, 261). The method 
depends on the oxidation of homogentisic acid 
to the quinone with 0-05iV'-iodine in bicarbonate 
or borax solution until a blue colour is obtained 
vrith starch. Providing no other interfering 
substances are present to react with the iodine, 
the method is quantitative. Addition of a large 
amount of sulphuric acid liberates the iodine 
which can be titrated mth sodium thiosidphate, 
and where small amounts of homogentisic acid 
are present, addition of potassium iodide is 
advisable. The amount of thiosulphate in 
determining the amount of the acid in 19 ml. 
urine is about 0-2 ml. too small and this cor- 
rection must be added to give the true value, 
maximal error 0-5 mg. in 10 ml. 0-05A-solu- 
tions are used : 1 ml. thiosulphate is equivalent 
to 0-0042016 g. homogentisic acid. 

For further details on the identification and 
estimation of homogentisic acid, see Ahden- 
halden, “ Handbuch der biologische Arbeits- 
methoden,” Abt. 4, Teil. 5, i, 551 (1931). 
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HOMOPILOPIC ACI D. a-ethylbutyro- 
lactone acetic acid (H. A. D. Jowett, JCS 
1901, 80, 1345), 

EtCH CH-CHyCOOH 

CO-OCH2 

^ Oxidation of tsopilocarpine with permanganate 
gives homopilopic acid, and pilopic acid, 
*^, 7 ^^ 1004 ’ ^nd the former on fusion with potash 
yields a-ethyltricarbaUylic acid. The acid is an 
oil, b.p. 235-237°/20 mm. It has been syn- 
thesised by N. A. Preobrashenski, A. M. 
Poljakowa and W. A. Preobrashenski (Ber. 
1935, 68 [B], 844), and by Dey (J.C.S. 1937, 
1057). These authors obtained the racemic 
acid in the solid form, m.p. 100°C. H. A. 
Ereohrashenski and bia colleagues hare also 
synthesised d-hom'opilopic acid (Ber. 1935, 68 
[B], 850). 

HOMORENON (v. Vol. I, 147d). 

HOMRA (u. Vol. n, 145cZ). 

HONEWORT, Com Parsley (Petroselinum 
segetum), American names, Cryptotsenia cana- 
densis, Sison Amomum, an umbelliferous plant 
used as a salad in China and Japan. The leaves 
are also cooked and eaten as a vegetable. 
Chung and Ripperton (Hawaii Agric. Exp. Sta. 
Bull, 1929, No. 60) report the composition of 
marketable leaves as : water, 89'63 ; protein, 
2-33; fat, 0-23; N-free extract, 4*37; fibre, 
1-45 ; ash, 2-09%. Among mineral constituents 
of the leaves, Ca 0*114, Fe 0*015 and P 0*06% 
are noteworthy. 

{Cf. Murray’s “ New English Dictionary,” 
and Britten and Holland, “ Dictionary of Eng- 
lish Plant Names,” 1886. The plant was 
believed to cure a swelling, “ hone,” in the 
cheek.) 

A. G. Po. 

HONEY. The syrupy excretion of the work- 
ing bee (Apis mellifica) derived from nectar col- 
lected from flowers. It is deposited in the 
honeycomb cells as a reserve food-stock for the 
colony when external supplies are no longer 
available. The yellow syrupy fluid consists of 
nearly equal proportions of glucose and fructose 
with water and small quantities of nitrogenous 
matter, pollen, wax, mineral matter and acids, 
and occasionally sucrose and mannitol. Traces 
of alcohol are generally present. Honey also 
contains invertase, and possibly other enzymes 
derived from pollen, and traces of vitamins. 

The colour of honey varies considerably with 
the source of nectar, heather honey being a rich 
golden-yeUow and clover honey a pale greenish- 
white. In stored honey the colour may change 
somewhat during processing or subsequent 
storage according to conditions adopted. The 
specific gravity of honey is largely controlled by 
climatic conditions, values quoted in the litera- 
ture varying from 1*10 to 1*45. The pji value 
ranges from 3*8 to 4*3. Honey is usually 
Isevorotatoiy (—9*1 to — 3*0°) although dextro- 
rotary samples occirr. Heather honey may 
exhibit the property of thixotropy. A physical 
examination of such a honey is recorded by 
G. W. S. Blair (J. Physical Chem. 193.5, 39, 
213). 
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Analyses of lioncj's show considerable differ- 
ences according to their place of origin. Ex- 
cluding obviously abnormal samples the follow 
ing ranges of composition apply to honeys from 
all parts of the world ; 

% 

Water 8-25 

Glucose 30-42 

Fructose 23-39 

Sucrose 0-4 

Ash 0-2-2-5 

The ratio fructose : glucose is regarded by 
some anatysts as sufficiently cliaracteristic to 
serve as an index of the purity of commercial 
honeys. Thus Auerbach and Bodlander (Z. 
Unters. Nahr.-u. Genussm. 1924, 47, 233) state 
that the ratio should be 106-119:100 for genuine 
honey and may be <90:100 in artificial honeys. 
This view is not generally upheld and anatytieal 
data from numerous sources throw doubt on the 
validit 3 '- of this statement. In Italian honej's, 
for example, Canneri and Salani (Ann. Chim. 
Appl. 1935, 25, 397) find the ratio for a great 
man 3 ’' samples to lie in the range 101-113:100 
but also record others shorving ratios up to 
168:100. 

The sucrose content of honey also shows con- 
siderable variation, and although le.ss than 1% 
in most Euiopean hone 3 's it may reach much 
higher values under certain conditions. A 
sample of Hungarian honey examined by Berko 
and Kardos (Mezbg. Kutat. 1937, 10, 177), in a 
season when the nectar flow was exceptionally 
high, contained more than 10% of sucrose. 
Follett-Smith (Hiv. Eepts. Dept. Agric. Brit. 
Guiana, 1934. 100) reports British Guiana 
honey containing 8-07% of sucrose, the total 
sugars being 75-8% and the Pb ‘^'23. It is said 
that bees fed on large proportions of sucrose 
invert only a portion of it and an abnormally 
large amount remains in the honey. Honey 
collected in the neighbourhood of Cuban sugar 
factories is reported to contain arlificiallij in- 
verted sugar. Bees fed exclusively on glucose 
produce honey containing that sugar only. 
Certain varieties of Sumatra hone 3 ' produced 
by Apis indica consist largely of glucose and 
fructose but contain neither sucrose nor dextrin. 
“ Honey,” without comb, made by an Ethiopian 
mosquito in tree hollows, is recorded by Vifliers 
(Compt. rend. 1878, 88, 292) to contain : water, 
25-5 ; glucose and fructose, 32-0 ; mannitol, 
3-0 ; dextrin, 27-9 ; ash, 2-5%. The Me.\'ican 
honey-ant produces “ honey ” consisting of an 
almost pure solution of fructose. The product 
from Polybia apicipennis frequently includes 
large crystals of sucrose. “ Eucalyptus honey,” 
made by an Australian black bee, is a thick 
syrup having a strong aromatic odour. “ Palm 
honey,” the concentrated sap of Anboia specia- 
hilis, is commonly utilised in Chile and differs 
from genuine honey in its high suciose content. 
Schmidt-Hcbbel and Toledo (Pharm. Zentralk. 
1938, 79, 633) record numerous analyses of this 
product, the notable figures in their average 
values being, water, up to 38%, and ratio 
sucrose : gluco=e+fructose not less than 4 (the 
corresponding values for Chilean honey are 
20% and 0-1 respectively). American honey- 


dew honey occasionally contains melezitose in 
considerable amounts (Hudson and Sherwood, 
J. Amer. Chem. Soc. 1920, 42, 116). This 
polysaccharide is also reported in conifer honey 
by T, von Fellenberg (Mitt. Lebensm. Hyg. 
1937, 28, 139) who describes methods for its 
determination. 

Both conifer and honey-dew honey frequently 
contain dextrins (Hilger, Z. Nahr.-u. Genussm. 
1904, 8, 110; Haenlc and Scholz, ibid. 1903, 6, 
1027). After removal of protein matter by 
tannic acid, dextrin is separated from honey 
by precipitation vath ether from acidified 
alcohol ; it is strongly dextrorotatory, and 
probabl 3 ^ accounts for the supposedly abnormal 
dextrorotation of honey samples, long regarded 
as a definite indication of adulteration by 
commercial syrups. 

Small amounts of organic acids are commonly 
found in honey. Formic acid is said to be 
added by the bees prior to capping the comb, 
and possibl 3 ' explains the small tendenc 3 ’’ of 
honey to ferment. Recorded formic acid con- 
tents of honey range from 0-006 to 0-01%. 
Nelson and Mottern (Ind. Eng. Chem. 1931, 23, 
335), in an examination of very acid honeys, 
found acetic acid (up to 0-04%), citric acid 
(0-008%), malic acid (0.-05%) and small amounts 
of succinic acid. 

Honey usuall 3 ' contains traces of nitrogenous 
matter which is partly precipitated on dilution 
ulth water. Hungarian hone 3 '^ is said to contain 
peptones, globulin and some albumin, but not 
protamines, histones or albumoses. A con- 
siderable proportion of the nitrogen compounds 
in honey exists in colloidal forms and, in the case 
of American honeys, these show an isoelectric 
point in the neighbourhood of Pb 4-3 (Lothrop 
and Paine, Ind. Eng. Chem. 1931, 23, 328). 
The colloidal matter contains 8-1 1% of nitrogen 
and is closely related to the colour of the honey. 
Dark-coloured honey is of high colloid content 
and removal of the colloid by ultrafiltration or 
by clarification -with bentonite improves the 
colour of the honey and in many cases its 
flavour and storage properties. Paine, Gertler 
and Lothrop record 0-08% of colloids in pale 
(clover) and 0-80% in dark buckwheat honey 
(Ind. Eng. Chem. 1934, 26, 73). The non- 
colloids include a proportion of amino-aeids 
which react with glucose and fructose to produce 
dark melaninoid colouring matter (Watanabe, 
,1. Biochem. Japan, 1932, 16, 163). The 
darkening of honey on heating or during Storage 
is attributable to this reaction. 

It is not clear whether these nitrogenous 
colloidal substances are essential constituents of 
honey itself or whether they are derived from 
pollen which is almost invariably present. 
According to Butcher (Food, 1935, 4, 169) water- 
insoluble matter in honey should consist only 
of poUen grains. These may be separated by 
flotation on a 30-50% solution of honey. 
IMicroscopieal examination of the pollen is fre- 
quentlj'- of value in honey investigations. A 
detailed system of microscopical examination 
of honey is described bj’^ Zander lAngew. Chem. 
1935, 48, 147). 

Enjunes occurring in honey include invertase, 
catalase, amylase and diastase. Neither lactase. 
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by-products {e.g. furfuraldebyde derivatives) 
which give colour reactions with ]S-naphthol or 
resorcinol. Eiehe’s test (Z. Nahr.-u. Genussm. 
1908, 16, 75 ; see also Eiehe and Stegmuller, 
Arb. Kais. Gesundh. 1912, 40, 305; J.S.C.I. 
1912, 31, 943) is the most popular of this kind. 
This is carried out by treating the filtered and 
evaporated ether extract of honey with a solu- 
tion of resorcinol (1%) in 25% hydrochloric acid. 
An orange-to-red colour indicates the presence 
of artificially inverted sugar. Genuine honeys 
normally give only a faint transient colour, even 
after processing at 60-65°. The reaction is 
more marked if the honey has been autoclaved 
110-115° (Moreaux, Ann. Falsif, 1936, 29, 22). 
Exceptional cases have been recorded in which 
genuine honeys give a positive Fiche test. 
Mathieu {ibid. 1938, 31, 97) considers that 
honej"^ should not be regarded as adulterated 
unless it gives a more marked test than does 
genuine honey mixed with 2% of sucrose. 

More recently the original Fiehe test has been 
largely replaced by the phloroglucinol test for 
hydroxymethylfurfuraldehyde. The technique 
is the same except that phloroglucinol replaces 
resorcinol in the acid reagent (Fiehe and 
Kordatzki, Z. TJnters. Lebensm. 1929, 57, 468). 
The reagent gives no colour vdth pine honey, a 
temporary coloration with over-heated honey, 
and a deep red colour and red-brown precipitate 
with adulterated honey. 

^-Naphthol used similarly gives a red-to- 
violet coloration with honey containing com- 
mercial invert sugar (Litterscheid, J.S.C.I. 1913, 
32, 376). 

Hydroxymethylfurfuraldehyde may also be 
detected and estimated by Weiss’ method (Z. 
Enters. Lebensm. 1929, 58, 320). An ethyl 
acetate extract of the honey is treated ndth p- 
nitrobenzhydrazide in acetic acid. Lemon 
yellow crystals of the hydrazone of the aldehyde 
are formed, m.p. 206-208° (decomp.), and may 
be dried and weighed. No precipitate is formed 
from genuine honey and that from heated, 
honey is extremely small. 

Dextrins present in starch syrups may be 
detected in adulterated honey by precipitation 
with methyl alcohol from a concentrated 
aqueous solution of honey. Alternatively, honey 
is dissolved in glacial acetic acid (4-5 g. of honey 
in 1 c.c. of acid) and dextrins if present in 
appreciable amounts separate from the solution 
(Raikov, Z. anal. Chem. 1939, 116, 40). Fiehe 
tests for dextrins in honey, after precipitation of 
protein matter ,with tannic acid, by addition of 
hjMrochloric acid and alcohol. Pure honey 
remains clear under these conditions, whereas 
added starch S 3 T:up causes a turbidity. 

According to Elsdon (Analyst, 1938, 63, 422) 
added glucose may be detected by the lowered 
freezing-point of a 10% solution of honey. ] 

Adulteration of honey with molasses may be de- 
tected by Beckmann’s test for raffinose. Sucrose 
is readily determined by means of the reducing 
power of honey before and after inversion. 
Although gross adulteration with sucrose may 
thus be shown, the suerose content of genuine 
honej' is itself variable over a considerable range 
and a limiting value indicative of adulteration 
is not easily decided. For similar reasons the 


diastatic activity of honey, at one time taken as 
a criterion of purity, can no longer be regarded 
as trustworthy (Vansell and Freeborn, J. Econ. 
Entom. 1930, 23, 428; Lampitt, Hughes and 
Rooke, Analyst, 1930, 55, 666). Schou and 
Abildgaard (Dansk Tidsski'. Farm. 1931, 5, 89 ; 
Z. Enters. Lebensm. 1934, 68, 502) distinguish 
natural from artificial honey by differences in 
the ultra-violet absorption spectra. , The curve 
for natural honey^s rises smoothly from A380 to 
220 m^ whereas that of adulterated samples 
shows a well-defined maximum at 282-5 m/r due 
to the presence of hydroxymethylfurfuraldehyde, 
of wliieh invert sugar may contain up to 5%. 

According to Gottfried (Z. Enters. Lebensm. 
1929, 57, 558) the formol titration of genuine 
exceeds that of adulterated honey. 

An ammoniacal solution of silver oxide (Ley’s 
reagent) on warming Avith a concentrated solu- 
tion of honey in Avater gives a greenish coloration ; 
Avith adulterated samples the liquid becomes 
dark broAvn or black (Etz, Z. angew. Chem. 1907, 
20, 993). 

A. G. Po. 

HONEYSUCKLE PERFUME. There 
are a large number of species of Lonicera (Fam. 
Caprifohacere), and in Provence the floAVors of 
L. caprifolinm, L. etnisca and L. gigantea are 
processed for the natural perfume of honey- 
suckle. Ingolen (Parfums France, 1937,- 15, 
299) obtained 3-3% of a green concrete extract 
from the flowers of L. gigantea, by extraction 
Avith light petroleum. From this 2-14% of 
essential oil Avas obtained, which had 0-9012 ; 
optically inactive ; 1-4613°; ester value 

145-6. The perfume as sold is practically entirely 
artificial, Avith a little natural ylang-ylang and 
neroli oil. Linalool, geraniol, hydroxycitronellal, 
phcnylethjd alcohol and similar bodies are used 
in its preparation, but it does not in any Avay 
approach the perfume of the flower. 

E. J. P. 

“ HONTHIN.” Trade name for keratinised 
tannin albuminate, used in treating intestinal 
catarrh (Von SztankaA% Pharm. Zentralk. 1932, 
73, 630). 

HOOLAMITE (v. Vol. Ill, 21a). 

HOPCALITE (v. Vol. II, 347a; III, 195, 
20d, 21a). 

HOPEITE. Hj^drated zinc phosphate, 
Zn3(P0,)2,4H20, 

crystallised in the orthorhombic system. The 
crystals are remarkable in consisting of an 
intimate zonal intergrowth of tAVO modifications 
— a-hopeite and /9-hopeite — differing in their 
optical characters and in the rate at Avhich Avater 
is expelled bj»' heat. They are colourless, 
white or- broAATiish ; sp.gr. 3-0-3-1 ; hardness 3J. 
For many years hopeite AA-as knoAvn only as a 
rare mineral from the zinc mine of Altenberg, 
or Vieille Montague, betAA-een Liege and Aachen ; 
but in 1907 it Avas found finely crystallised and 
in considerable quantity in a caAm Avith bone- 
breccia and associated AAuth ores of zinc and 
lead at Broken Hill . in - Northern Rhodesia. 
In 1916 it Avas incorreetty described under the 
ncAV name hibbenite from the Hudson Bay 
zinc mine near Salmo in British Columbia. 
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Parahopcite, from Broken UiU, Northern 
Ilhoflesia, lias the same composition as hopeitc, 
hnt the crj-^tals are triclinic with sp.gr. 3-31 
(L. J. Spencer, Min. Mag. 1908, 15, 18). 

Jj J s 

HOPKINSON PRESSURE BAR TEST 

{v. Vol. IV, 549a). 

HOPS {V. Vol. II, 91 c.). 

HORDENINE [7J-(/9-cIimctli3'l!iminocthyl) 
phenol], 

HO-CcH^-CHo-CHa-NMe,-, 

was discovered L6gcr (Compt. rend. 1900, 
142, 108) in malt culms. No hordcninc has 
been delected during the germination of wheat, 
peas or lupins (c/. Beilhes, Amcr. Chem. Abstr. 
1930, 30, 7140) nor is it present in nngerminalcd 
barley (e/. Torquati, Chem. Zentr. 1911,1, 100). 
During the process of germination the amount 
of hordenine is said to be increasing until the 
11th daj' and then grad\ialh* diminishing (Raoul, 
Compt. rend. 1937, 205, 450; cf. Torquati, /.c.). 
For further constituents of the malt germs, sec 
Hnshitani (J, Tokyo Chem. Sne. 1919, 40, 017). 
Hordenine (Anhnihie) occurs also in .Anhnlonium 
species (Spath, i\Ionatsli. 1919, 40, 129; 1021, 
42, 203). For e.vtraction of hordenine from 
barlc\' germs, sec e.g. Gacbel (.Arch. I’linrm. 1900, 
244, 430) or Raoul (Compt. rend. 1934, 199, 425) ; 
the' yield is stated to be 0-13% of the air-dried 
malt germs. Hordenine forms colourless ortho- 
rhombic prisms, m.p. 117 t 118°, b.p. 173-1 74°/! 1 
mm., subliming at 140-150°. The free base is 
readilj’ soluble in EtOH, CHCI3 EIjOj 
soluble in HjO (7 in 1,000 parts) and sparingly 
so in CgHp, toluene or .xylene. It is a strong 
base, alkaline towards litmus and phenol- 
phthalein, and liberates amjnonia from its .cait.s. 
It also reduces acid solutions of KMnO^ in the 
cold, and iodic acid and ammoniaoal solutions 
of AgN O3 on wanning. 

The salts are cr3'stalline : hydrochloride, m.p. 
17G'5-177-5° ; hydrobromidc, 173-174°; siil- 
phale, 209-211°; meihiodidc, 229-230° (179- 
180°, Hashitani, /.c.). Bemoylhordcvine, m.p. 
47-48° (sec L6ger, Compt. rend. 1907, 144, 208). 
For colour reactions of hordenine, see Deniges 
(Bull. Soc. chim. 1908, [iv], 3, 7SG) and Labat 
(J. Pharm. Chim. 1909, [vi], 29, 433). 

By oxidation of 0-meth3dhordenine Avith 
KMnO^ anisic acid AA-as obtained (Gaebel, l.c., 
cf. L6ger, Compt. rend. 1906, 143, 910) and a Hof- 
mann degradation of the same substance afforded 
trimethylamine and Au'n3danisole (Leger, ibid. 
1907, 144, 488). 

Hordenine AA'as first synthesised b3'' a series of 
reactions starting Avith phen3detliyl alcohol 
(Barger, J.C.S. 1009, 95, 2193). Since then 
numerous other s3rntheses have been effected 
(Rosenmund, Ber. 1910, 43, 306 ; Ehrlich el al., 
Ber. 1912, 45, 2428 ; Spath and Sobel, Monatsh. 
1920, 41, 77 ; Kindler el al., Annalen, 1923, 431, 
226; Arch. Pharm. 1927, 265, 394; 1933, 271, 
441 ; Raoul, Compt. rend. 1937, 204, 74; 
G.P. 233069, 248385). 

Hordenine salts have been emplo3md as _ a 
remed3' in case.s of typhoid, d3^s6nter3’’, enteritis, 
etc. For further details of its pharmacolog3’', 
see Rietscliel, Arch. exp. Path. Phaxra. 1937, 186, 
387. The melhylurea derivative of hordenine 


shows m3mtic action (Stedman, Biochem. J. 

1 926, 20, 719). o-()3-Dimeth3daminoethyl) phenol 
.(o-hordenine) has been SAmtliesised by Von Braun 
and Bayer (Ber. 1924, 57 [B], 193); its physio- 
logical action is much Aveaker than that of 
hordenine. 

HORMONES. 5’ho term hormone denotes 
a number of ph3'8ioIogicalIy active substances’ 
sccreled directly into the blood stream or the 
l3'mphatic S3’stem of animals by various organs 
named endocrine glands. These internal secre- 
tions .scTA-e to regidate Amrious functions of the 
body', often in a part of the 1:063* remote from 
their source, and ver3' small amounts of them in 
most eases suffice for the purpose. 

The flcficicncy of a given hormone gives rise to 
characteristic S3''mptomH in the animal — the 
effect of castration in domestic animals is a 
familiar e.xainple — and these can usually* be 
alleviated or cured by* the administration of the 
pure hormone, or of an e.xtract containing it. 
The general principle of the biological assay of 
hormone preparations depends on the production 
of such effects. The I.a;aguc of Nations Health 
Organisation (Quart. Bull. Health Organisation, 
l^eagiic of Nations, 1935, 4, CIS; 1938, 7, 887) 
has established standards for the sex and pitxii- 
tary* hormones, some of Avhich consist of pure 
cry'sfalline substances. 

FolloAving upon the isolation of the pure 
hormones, the chemical constitution of a 
number of them has been determined; the 
chemistry' of the most important hormones is 
summarised beloAV. 

Hormones of the Pituitary Gland (Hypo- 
physis). — The anierior lobe of the pituitary* 
gland produces a large number of hormones, 
and appears to act as a central co-ordinating 
mechanism controlling the secretions of other 
endocrine glands. The following glands are 
dependent on pituitary control : pancreas (in- 
sulin secretion), thy’roid, parathy’roid, the sex 
glands, and adrenal (medulla and corte.x) ; there 
are also hormones controlling lactation, carbo- 
hydrate metabolism apart from insulin secretion, 
etc. An important function of the pituitary 
gland is the control of growth, and acromegaly 
and gigantism, and also insufficient growth am 
associated AA’ith disturbances of the hypophy'sis. 

Of the above hormones, those controlling the 
sex glands (gonadotropic hormones) haA*e been 
particularly* AAu'dely studied, although their 
chemistry has not been elucidated. Two effects 
on female animals can be distinguished, one the 
ripening of OA’arian follicles, the other the for- 
mation of corpora lutea ; in the male^ they pro- 
duce spermogenesis and the proliferation of the 
interstitial cells. Although Zondek has giA*en 
the names “ prolan A ” and “ prolan B ” to the 
substances responsible for these effects, and 
materials, exerting mainly one or other of these 
effects, can be prepared, separation is diflleult 
if not impossible. The beginnings of chemical 
study are made possible by the fact that preg- 
nant Avomen excrete material with high hormone 
activity; derived probably from the placenta ; 
it may be noted that this secretion is utilised in 
the vddely used method for the diagnosis of 
pregnancy in its early stages (Aschheim-Zondek 
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test). Tlie active material is obtained from 
urine' b}'' precipitation rvitb phospbomolybdic 
acid, the precipitate is dissolved in ammonia, 
baryta -water added and the hormone precipi- 
tated from the filtrate by adding alcohol and 
ether (G.P. 588047). In U.S.P. 2035642 ; B.P. 
406531, acetone saturated -with benzoic acid is 
added to the hormone solution acid -with acetic 
acid. The precipitate contains the hormone. 
A later method is the adsorption of the active 
material on benzoic acid, followed by dialysis 
and precipitation with tannic acid or other 
reagents (Gurin, Bachman and Wilson, J. Biol. 
Chem. 1939, 128, 525). Another important 
source of gonadotropic hormones is the serum 
of pregnant mares, from which a potent prepara- 
tion can he obtained by removal of the inactive 
proteins with salicylsulphonic acid, followed by 
dialysis and precipitation with acetone (Rinder- 
Imecht, Noble and Williams, Biochem. J. 1939, 
33, 381). The active material is classed as a 
mucoprotein and contains a carbohydrate- 
poljTpeptide complex. 

The secretion of prolans can be influenced by 
the administration of the sex hormones proper, 
and a delicate balance between them is main- 
tained in the body (for an account, see Ammon- 
and Dirscherl, “ Fermente, Hormone, Vita- 
mine,” 'Leipzig, 1938 ; Berblinger, “ Ergebnisse 
der Vitamin- und Hormonforschung,” I, 191, 
Leipzig, 1938). 

The posterior lobe of the pituitary gland is 
comparatively poor in hormones, which are dis- 
tinguished as the pressor (pitressin, vasopressin) 
which causes a rise in blood pressure, the oxytocic 
(pitocin) with an effect on the irritability of 
uterine muscle, and the melanophoric, which 
controls pigmentation in some animals. These 
hormones have been tolerably well separated 
from one another and characterised as belonging 
to the proteins. The same applies to the 
anterior lobe hormones ; their chemistry is other- 
wise obscure. 

Thyroid Hormone. — ^The essential nature of 
the thyroid hormone has been recognised for a 
long time ; removal of the gland leads to symp- 
toms kno-wn as myxoedema, whilst goitre and 
cretinism have been traced to thyroid insuffi- 
ciency, usually due to an inadequate supply of 
iodine in the diet. Hyperfunction of the gland, 
as seen in Graves’s disease, leads on the other 
hand to increase in the metabolic rate accom- 
panied by tachycardia, exophthalmia and 
nervous symptoms. 

The gland contains a gelatinous “ colloid,” 
which is a globulin-Uke protein (thyroglobuHn), 
but it contains a comparatively large amount 
(0-6%) of iodine; indeed, nearly the whole of 
the iodine content of the body is concentrated 
in the thyroid gland in a non-ionisable form. 

Extraction. — ^The physiologically active iodine- 
containing portion of the thyroglobulin mole- 
cule was isolated by hydrolysis of thyroid gland 
tissue with sodium hydroxide (Kendall, J. Biol. 
Chem. 1919, 39, 125) in the form of the crystal- 
line thyroxine, CigHj^j 04 N I 4 , m.p. 231-232°, 
which has the characteristic physiological 
activity of the thyroid hormone. The yield of 
thyro.vine rras greatly improved by Harington 
(Biochem. J. 1926, 20, 293), who used steprvise 


hydrolysis -with baryta : thyroglobulin (or gland 
substance) is boiled for 5 hours with 10% 
aqueous baryta, and the filtered solution acidi- 
fied ; the acid-insoluble portion is re-hydrolysed 
for 18 hours with 40% baryta at 100°. The 
insoluble barium salts jdeld thyroxine, obtained 
crystalline by acidif 3 dng an alkaline alcoholic 
solution with acetic acid at the boiling-point. 
Harington and Randall {ibid. 1929, 23, 373) have 
shown that the acid-soluble portion of the 
hydrolysate contains 3:5-diiodotyrosine and 
that tliis and the thyroxine account for the 
whole of the iodine content of the gland (c/. 
Meyer, “ Fortschritte der Chemie Organischcr 
Naturstoffe,” II, 103, Vienna, 1939). 

Reactions. — A few milligrams of thyroxine in 
aqueous-alcoholic hydrochloric acid give with 
sodium nitrite a yellow colour which deepens to 
orange on boiling; addition of ammonia pro- 
duces a rose-red colour. This test is character- 
istic of compounds containing the 2;6-diiodo- 
pbenol grouping and' is also given by diiodo- 
tyrosine ; both compounds also give the nin- 
hydrin reaction {v. Vol. I, p. 3245). 

Biological Assay. — ^Estimating the percentage 
of the alkaline hydrotysate of thj’^roid gland 
tissues which is insoluble at pu 5 (Harington) or 
extractable by butyl alcohol (Leland) is a 
reasonably accurate method of chemical assay. 
The biological tests depend on measirrements of 
the increase in metabolism, the diminution of the 
liver glycogen content or the accelerating effect 
on the development of tadpoles ; the Reid-Hunt 
test measures the increases in the resistance of 
thyroid- treated mice to poisoning by acetonitrile. 

Constitution, — Thyroxine on catalytic reduc- 
tion loses its iodine, giving thyronine, 

Tins has been degraded by fusion with potash to 
oxah'c acid, ammonia, p-hydroxybenzoic acid, 
quinol, and a phenol which was shown by syn- 
thesis to be p-(p'-hydroxyphenoxy)-toluene. 
This, and the degradation of thyronine by ex- 
haustive methylation and graduated oxidation 
show that it must have the structure (I), which 
has been confirmed by synthesis (Harington, 
Biochem. J. 1926, 20, 300). 

Thyroxine itself gives on aUcaline fusion pro- 
ducts of the pyrogallol type and no p-hydroxy- 
benzoic acid, from which it follows that 2 atoms 
of iodine must be adjacent to the hydroxyl and 
two more must be in the second ring. This, and 
the analogy with diiodotyrosine leads to the 
formula (II) for thyroxine. 
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This structure is confirmed bj"^ the exhaustive 
methylation and oxidative degradation of 
thyroxine. The synthesis of th 3 'roxine (Haring- 



268 


HORMONES. 


ton and Barger, ibid. 1927, 21, 169) was carried 
out as follows ; 
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The penultimate stage involves simultaneous 
demethylation, loss of the benzo^d group and 
reduction of the double bond. 

Thyroxine was resolved (Harington, ibid. 1928, 
22, 1429) and the l-(~)fona, m.p. 235-236°, 
[al 545 i— 3'.5° proved to be physiologically some- 
what more active than the racemic, which is 
obtained by the alkaline hydrolysis of thryoid 
tissue ; the active form was later obtained from 
thyroglobulin by intensive peptic digestion, 
followed by tryptic digestion (Harington and 
Salter, ibid. 1930, 24, 4-56). Both it and the 
physiologically inactive Z-{-r)-diiodotyrosme are 
constituent amino-acids of thyroglobulin (Clnt- 
ton, Harington and YuiU, ibid. 1938, 32, 1119); 
in configuration Z-( — )-tbyroxine is related 
to Z-( — )-t 3 Wosine (Canzanelli, Harington and 
Randall, ibid. 1934, 28, 68). 

The active hormone of the thjToid cannot be 
thyroglobulin, because thyroid preparations are 
active when administered by the mouth to 
thyroidectomised individuals, and in Harington’s 
tiew it is probablj’’ a peptide containing both 
Z-{— )-th 3 WO>;me and Z-(-r)-duodotyrosine. 

Clinically, thj-roid preparations (dried gland 
or s^Tithetic thjwoxine) are used in the treat- 
ment of myxcedema and other ca=es of thjToid 
insufficiency and also of obesity, owing to their 
capacity for increasing the metabolism, par- 
ticnlarty that of proteins. 

Parathyroid Hormone. — The parathjwoid 
gland controls the calcium metahoh'sm of the 
bodj" bv' means of a special hormone ; removal 
of the gland leads to sj-mptoms known as 
tetany, which can he alleviated hy administra - 1 
tion of calcium and of extracts of the gland! 
(CoUip). The hormone is not dialysable, it j 


appears to be akin to insulin, but nothin^ i? 
known of its chemistiy. “ 

Pancreatic Hormone.— The hormone of the 

pancreas is insulin (q.v.). 

Secretin. — ^The mucous membrane of the 
small intestine gives on extraction with acids a 
preparation which, when injected into the blood 
stream, causes a secretion of pancreatic jtrice 
(Bayliss and Starling, J. Physiol. 1902, 28, 325). 
Tie active compound, secretin, is a compler 
polypeptide of unknown constitution (c/. Igren, 
J. Physiol. 1938-39, 94, 553; Niemann, Proc. 
Nat. Acad. Sci. 1939, 25, 267). 

CEstrogenic Hormones. — Substances cap- 
able of inducing the phenomena ofeestrus (heat) 
in ovariectomised animals have been isolated 
from a variety of sources, but principally ovaries, 
placenta and pregnancy urine. 

Biological Assay. — ^This is generally carried out 
hy the vaginal smear method of AUen and Rohv 
(J. Amer. Med. Assoc. 192,3, 81, 819). 

Isolation. — ^Pregnanej' urine is extracted with 
ether, the extract evaporated, the residue dis- 
solved in methyl alcohol and shaken with light 
petroleum. The alcoholic solution is diluted 
“and extracted with ether, the extract again 
evaporated and subjected to partition between 
60% alcohol and benzene. The alcohol solution 
contains mainly' cestriol, the benzene solution 
cestrone. The crude hormones are subjected to 
hj’^drolysis with hydrochloric acid; their ether 
solution is then freed from acids with sodium 
carbonate, and extracted with sodium hyihoxide. 
This removes the hormones, leaving the inactive 
pregnanediol in the ether; the hormones are 
finally reprecipitated with acid and taken up in 
ether. (Estrone is distilled in a high vacuum, 
whilst cestriol is precipitated from an alcoholic 
solution by means of ether (Butenandt and 
Hildebrandt, Z. physiol. Cffiem. 1931, 199, 243). 
A later method (Cohen and Marxian, Biochem. J. 
1936, 30, 57; Cohen, Marxian and Odell, ibid. 
2250} involves concentration of the urine to 
one-eighth and extraction at 2-5-3'0 rvith 
butyl alcohol after saturation with salt; the 
hormones can be extracted with alkah’s and 
purified, the cestriol being obtained as the sodium 
salt of the glycuronide (see below) ; more usually, 
this complex is broken up by acid hydrolysis. 

Girard and Sahdulesco (Helv. Chim. Acta, 
1936, 19, 1095) describe the isolation of cestrone 
from the crude concentrate, obtained by solvent 
extraction of the urine of pregnant mares, with 
the aid of Girard’s reagent T (q.v.). The ketoiuc 
constituents are isolated in this vay and can be 
further split up into phenolic (cestrone) and non- 
phenolic compounds by^ means of alkah. 

The first crystalline compound to be isolated 
by three groups of workers was cestrone, 
CisHogOg (Boisy, Veler and Thayer, Amer. 
.1. Physiol. 1929, 90, 329 ; Butenandt, Natutyoss. 
1929, 17, 879; Dingemanse, de Jongh, Kober 
and Laqueur, Dent. med. Woeh. 1930, 56, 301) 
from human pregnancy urine. Later it was 
found that cestrone is even more abundant 
in the urine of pregnant mares, in which h 
1 A varietv of names were (dven to the different 
preparations, such as thceh'n, folliculin, etc., and then 
was some uncertainty about their proper foixnulation, 
but in the present account these historicaJ details art 
omitted. 
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is accompanied by several related compounds, 
cqiiili)!, equileviii and (?) liiqjpidin (Girard, 
Saudulesco, Fridcnson and Rutgers, Compt. 
rend. 1932, 194, 909 ; 195, 981 ; Girard, San- 
dnlesco, Fridonson, Gaudefroy and Rutgers, 
ibid. 1932, 194, 1020), wbicli can be derived from 
oestij'one by the loss of 2 or 4 atoms of hydrogen. 
FoUo'wing the observation of Zondek that the 
urine of stallions also contains oestrogenic 
material (Nature, 1934, 133, 209, 494), pme 
cestrone has been isolated from this source 
(Deulofeu and Ferrari, Z. ijhj^siol. Cheju. 1934, 
226, 192 ; Hauslei’, Helv. Chim. Acta, 1934, 17, 
531) and from the urine of normal men (Dinge- 
manse, Laguour and Muhlbock, Natui’e, 1938, 
141, 927) ; and the occurrence of cestrone in 
material of purely botanical origin (palm kernel 
oil) has been shorni by Butenandt and Jacobi 
(Z. phj'siol. Chem. 1933, 218, 104). 

The alcohol ceslriol, C^gHjiOa, vas isolated 
from human pregnancy urine by Marrian 
(J.S.G.I. 1930, 49, 237, 515 ; Biochem. J. 1930, 
24, 435, 1021) and converted into cestrone by 
dehydration (Butenandt and Hildebrandt, Z. 
physiol. Chem. 1931, 199, 243 ; IMaman and 
Haslewood, Biochem. J. 1932, 26, 25). It was 
detected in female willow catkins (Skarzjnisld, 
Nature, 1933, 131, 766). 

An even more jDotent- oestrogen was isolated 
from sow’s ovaries (jMcCorquodale, Thaj’^er and 
Doisy, Proo. Soo. Exp. Biol, and Med. 1935, 32, 
1182 J J. Biol. Chem. 1936, 115, 435) and proved 
to be identical ndth the lower-melting or a-form 
of (Estradiol, the two epimeric forms of which 
result from the reduction of the carbonyl group 
of cestrone (Schwenk and Hildebrand Natur- 
wiss. 1933, 21, 177 ; Wintorsteiuer, J. Amer. 
Chem. Soc. 1937, 59, 765). The j9-diol, together 
with the corresponding alcohol derived from 
equilenin, was found to bo a constituent of 
“ S follicular hormone ” obtained from the urine 
of pregnant mares (Wintersteiner et al., J. Amer. 
Chem. Soc. 1936, 58, 2652 ; J. Biol. Chem. 1937, 
119, cvii). 

Water-soluble complexes containing cestriol 
have been isolated from the placenta and from 
pregnancy urine {emmenin or cestriol gly- 
euronide) and mares’ urine (cestrone conjugated 
with sulphuric acid). Nearly the whole of the 
oestrogenic material of pregnancy urme is 
excreted in this combined form, doubtless 
because the complexes are less toxic to the 
organism ; they exhibit only a fraction of the 
oestrogenic potency of the hormoires themselves 
when injected into the blood stream, but are 
almost as potent when administered oraUy. 

Properties. — (Estrone, 3 - hydroxy - 17 - keto- 
Ai’^'®-cestratriene,^ crystallises in 3 forms: 


^ Xlie nomenclature is based on the hydrocarbon 
CEstrane 



(Adam, Daniellir Dodds, King, Marrian, Parkes and 
llosenheim, Nature, 1933, 132, 205). 


m.i). 254° (rhombic motastable), m.p. 256° 
(monoclinic metastable) and m.p. 259° (rhombic 
stable), and has [a]j, -)-l70° (in dioxan). The 
acetate has m.j). 126°, the benzoate m.^i. 218-219°, 
the methyl ether m.p. 168-5-169°, the oxime 
m.p. 241-242° (corr.), the semicarbazone 
(-fiHgO) m.p. 266-267° (corr.). 0-lpg. of cestrone 
constitutes one international unit of oestrogenic 
activity, 

a - (Estradiol, 3:17 - dihydi-oxy - A^-®’°-ocstra- 
triene, has m.p. 176-178° (corr.), [aJu +81° (in 
alcohol) ; the ^-acetate has m.p. 136-6-137-5°, 
the ll-aeetate, m.p. 215-217-5° (corr.) and the 
diacetate m.p. 127°. The .physiological activity 
of a-cestradiol is higher than that of cestrone 
and is enhanced by esterification (Miescher, 
Scholz and Tschopp, Biochem. J. 1938, 32, 725). 

p-CEstradiol has m.p. 220-223° (corr.), [a]j, 
+ 54° (in dioxan; the diacctate has m.p. 139- 
141-5° (corr.). 

(Eslriol, 3; 16; 1 7-trihydroxy- A^-^'°-03stratrienc, 
has m.p. 281° (corn), [ajj, +61° (in alcohol); 
the biacetale has m.p. 126°, the methyl ether m.p. 
162-5-164° (corr.). 

Equilin , 3 -hydroxy- 1 7 -keto- ' -oestratc- 
traene, has m.p. 238-240°, [a]j,+ 308° (in dioxan) ; 
the benzoate has m.p. 197-198°, the methyl ether 
m.p. 160-5-161-5°. 

HippuUn has m.p. 233° (corn), [ajj, +128° (in 
dioxan). 

Equilenin, 3-hj'dro.x.y-17-keto-A^’®’®’®-'®-oestra- 
pentaone, has m.^). 258-259° (corn),, [ajj, +87° 
(in dioxan), and forms can acetate, m.p. 156-157°, a 
benzoate, m.p. 222-223° (corr.) cand a methyl ether, 
m.p. 197-198° (corn). 

Colour Beactions . — ^The natural cestrogens give 
with sulphuric acid an orange colour (Marrian), 
with a fluorescence which is green with cestrone 
and cestriol, blue with costradiol (Schwenk and 
Hildebrand). Kober modified this test by add- 
ing phenol to the acid, and several colorimetric 
methods of estimation were based on this test 
(Cohen. and Marrian, ibid. 1934, 28, 1603; 
Pincus, Wheeler, Young and Zahl, J. Biol. 
Chem. 1936, 116, 253 ; Zimmermann, Khn. 
Woch. 1938, 17, 1103) ; the most useful of these 
is Kober’s modified test, using d-naphthol in 
place of phenol (c/. Biochem. J. 1938, 32, 357). 

Constitution . — The structure of cestrone was 
ascertained as follows : the general typo of ring 
structure and the presence of two active groups 
at opposite ends of the molecule were deduced 
from a crystallographic study of cestrone and 
cestriol by the A-ray method (Bernal, J.S.C.I. 
1932, 51, 259), and by an examination of their 
monomolecular films (Adam, Danielli, Hasle- 
wood and Marrian, Biochem J. 1932, 26, 
1233). Marrian and Haslewood (J.S.C.I. 1932, 
51, 277) suggested a structure based on that of 
the sterols, which was further elaborated to (I) 
by Butenandt (Nature, 1932, 130,' 238) and this 
was confirmed by later work. Thus, cestriol (II) 
gives 'on fusion with potash the acid (III) 
(Marrian and Haslewood, l.c.), wliich is de- 
hydrogenated by selenium to the phenantlmol 
(IV) and the latter is converted into 1:2- 
dimethylphenanthrene (V), identical with a 
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synthetic specimen (Butenandt, Weidlieli and 
Thompson, Ber, 1933, 66, [B], 601) : 





The position of the ketone grouping was prorcd 
as follows : 

Me - MeOHMe 



MeMgl 
^ 



/ 


Pinacolic 


dehydration 


Me Me 

\/ 








Later, 1 :2-dimethyd-7-phenanthrol was syn- 
thesised by Haworth and Sheldrick (J.C.S. 1934, 
864). Final proof of the skeleton assigned to 
cestrone and cqoilenin was afforded by Cook 
and Girard (Mature, 1934, 133, 377) and Cohen, 
Cook, Hewett and Girard (J.C.S. 1934, 653) by' 
converting the methyd ethers of these com- 
pounds, after reduction of the ketone group, into 
the same methoxy-compound, which was 
synthesised : 


O 



Me Me 



(Cohen, Cook and Hewett, ibid. 1935, 445). S 
similar pinacolic migration occurs whenoestradiol 
methyl ether is dehy'drated : the product on 
dehydrogenation gives a methoxy-compound 
analogous to (VI), but with only one methyl 
group in position 17. 

Equilin has been dehy'drogenated to ccjuilenin 
with palladium black, showing that the skeleton 
and the position of the functional groups are the 
same (Hirscherl and Hanusch, Z. phvsiol. Chcni. 
1935, 233, 13; 236, 131) ; as the' absorption 
spectrum of equilin is similar to that of mom 
cestrone, the additional double bond is not 
conjugated ■ivith those of the benzene ring and 
probably' occupies the position 7;8 (Cook and 
Roe, J.vS.C.I. 193.5, 54, 501). 

Origin of th&QSslrogcns . — Following Butenandt, 
it is commonly' assumed that the oestrogens are- 
formed in the body by a degradation of cholc'- 
terol involring the removal of the side-chain and 
partial dehydrogenation of the resrdting com- 
pound. This view receives support from th-' 
definite mstrogenic activity' of te.'-tosferone and 
tsoandro.-tenediol, which might he expected to 
undergo .«uch a dehydrogenation in the lx>dy^ 
it is also in keeping with the occurrence ot 
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androgenic substances in the ovary and of 
ccstrogens in the testis, hut is nevertheless purely 
speculative. The metabolism of steroid hor- 
mones generally is discussed by Marker (J. 
Amer. Chem. Soc. 1938, 60, 1725). 

Synthesis of OHslrogens . — feebly oestrogenic 
compound was prepared by beating the de- 
bromination product of dibromoandrosterone, 
-when a phenolic substance was produced with 

l. 0SS of methane; the substance is isoequilin, 

m. p. 252°, [a]D +170°, and may perhaps be 
identical with hippulin (Inholfen, Naturwiss. 
1937, 25, 125) : 


O 



The synthesis of ' equilenin has been an- 
nounced, although full details are not yet avail- 
able, by Bachmann, Cole and Wilds (J. Amer. 
Chem. Soc. 1939, 61, 974), who used the follow- 
ing route : 



Me ' 
CO^Me 


CHyCHoCOoMe 


CH-COaMe 


Dieckmann 


reaction 


Hydrolysis 


/X 


and dcinetliylation 


O 



The synthesis of a compound having the 
skeleton structure of equilenin, but lacking the 
angular methyl group, has been achieved by 
Koebner and Robinson (J.C.S. 1938, 1994) ,- this 
is termed x-noreqidlenin to denote that the 
stereo-chemical configuration of the compound is 
unknown. An analogous x-noroeslrone has also 
been prepared by Robinson and Rydon {ibid. 
1939, 1394) ; the compound (VII) was syn- 
thesised by the method of Robinson {ibid. 1938, 
1390), but it could not be reduced direct to 
noroestrone, although norequilenin was prepared 
in this way. The live-membered ring was there- 
fore opened by way of the steps (VIII) and (IX) 
and the resulting compound hydrogenated in 
several stages. The final product (XI) gave 
norcEstrone methyl ether on cyclisation : 


MeO 



CO-COaMe 

MeO 




:0 -> 





^COjMe 


.Me 




\ 

:0 


COoMe 


^COsMe 
/OH 



CHyCOjMe 


Me 
l^COaMe 
CHyCOaH 


Heformatski 


reaction 


Dehydration and 

> 

reduction 


Arndt- 

Eistert 


reaction 


MeO 


VII. 


;CHOH 



NHa’OH.HCI 
in acetic acid 


CN KOH 


IX. 


CO2H 



HORMONES. 


273 


was isolated by four independent groups of 
workers (Butenandt, Westphal and Holihvcg, 
Z. physiol. Chein. 1934, 227, 84 ; Slotta, 
Ruschig and Eels, Ber. 1934, 67 [B], 1270 ; 
Allen and IVintorsteiner, Science, 1934, 80, 
190; Hartmann and Wettstein, Helv. Ghim. 
Acta, 1934, 17, 878, 1365). It is an unsatui'ated 
diketono CjiHsqOj and occurs in two poty- 
morphic varieties, m.p. 128° and 121°, [a]j, 
+ 187° ; it is accompanied by the ph 3 'siologically 
inert allopregnanol-20-one.^ 

Conslitution . — ^The constitution of proges- 
terone was at first deduced by analogy and finally 
confirmed bj' sjmtheses. The first of these 
starts from pregnanediol (I), a physiologicallj’- 
inactive compound which is found in pregnancy 
urine, and may bo produced from progesterone 
in the course of metabolism. It is converted by 
partial oxidation into the keto-alcohol (II), 
which gives the unsaturated compound (III) bj-^ 
bromination and removal of hydrobromic acid ; 
gentle oxidation then gives progesterone (A'*- 
pregnene-3:20-dione) (IV) (Butenandt and 
Schmidt, Ber. 1934, 67 [B], 1893, 1901) : 



I. 




^ The nomenclature is based on the hydrocarbon 
pregnane or 17-ethylandrostane. 



COMe 


0:1 


IV. 


Another synthesis (Fernhok, ibid. 1934, 67 [B], 
18.55; Femholz and Chakravarti, ibid. 1935, 
68 [B], 353) starts from a vegetable material, 
stigmasterol, the acetate of which is ozonised 
after protecting the nuclear double bond by 
bromination (V) ; the product is debrominated 
and hydrolj’sed to 3-hydroxy5isnorcholenic acid 
(VI). The side-chain is then shortened by the 
action of phenyl magnesium bromide on the 
ester and oxidation of the acetate of the product, 
the double bond being again' protected by 
bromination (VII). The acetate (VIII) is 
hj'drotysed to the alcohol, which is oxidised to 
the ketone and the latter debrominated to pro- 
,gcsterone, the double bond migrating spontane- 
ousty into the A ^-position: 

CH:CHCH-CH 

I I I 

CHMe Et Me, 


AcO 


Br Br 


V. 


CHMe-COpH 


HO 



CMe:CPh, 


AcO' 


Br Br 


VII. 


COMe 


AcO 



IV. 
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ni.p. 209-211° (corr.), the semicarbazone m.p. 
276° (corr.). lOOpg. equal 1 International unit. 

Trans-testosterone has m.p. 154’5-155'5° 
(corr.), [a ]]3 +109° (in alcohol), the acetate m.p. 
140-141° (corr.), the propionate m.p. 121-123° 
(corr.), the benzoate m.p. 198-200° (corr.). 15pg. 
equal 1 International unit. 

Trans-dehydroandrosterone occurs in Wo 
forms, m.p. 140-141° (corr.) and 152-153° 
(corr.), [a]j) +10'9° (in alcohol), the oxime has 
m.p. 188-189°, the acetate m.p. 171-172° (corr.). 
200/xg. equal 1 International unit. 

Constitution . — ^The amount of androsterone 
isolated by Butenandt and Tscherning {ibid. 
1934, 229, 167, 185) was barely sufiScient to 
establish the formula as CioHanOg and the 
correct constitution was put forward by analogy 
with that of oestrone. This and the configura- 
tion of the compound were established by the 
synthesis of androsterone by Ruzicka, Goldberg 
and Briingger (Helv. Chim. Acta, 1934, 17, 1389) 
and Ruzit^a, Goldberg, Meyer, Briingger and 
Eichenberger {ibid. p. 1395). They oxidised the 
acetates of cholestanol, coprosterol and their epi- 
eompounds with chromic acid and obtained the 
acetates of four stereomisoeric hydroxy ketones: 


Me O 



H 

From cholestanol (isoandrosterone), m.p. 175-176°. 

Me O 



From coprosterol, m.p. 150-151°. 


MeO 



From epicoprosterol, m.p. 152-153°. 


(M.p.’s are corrected.) 


Of these, (II) 3-cpihydroxycetioallocholane-17- 
one proved to be identical with androsterone ; 
iso- or irans-androsteronc (I) showed one-eighth 
the activity of androsterone in the capon test 
and (III) and (IV) were inactive ; the great im- 
portance of the stereochemical configuration will 
be noted. Androsterone is prepared on the 
large scale by the above method. 

Oxidation of dibromoclfolestcryl acetate 
(Ruzicka and Wettstcin, ibid. 1935, 18, 986 ; 
Butenandt, Dannenbaum, Hanisch and Kudszus, 
l.c . ; Wallis and Eernholz, J. Amer. Chem. Soc. 
1935, 57, 1379, 1504) and debromination of the 
product gives lra?i5-dehydroandrosterone (V) ; 
the configuration of the hydroxyl group in this 
compound is like that of isoandrosterone (for 
nomenclature, v. Schonheimer and Evans, 
J. Biol. Chem. 1936, 114, 567). In accordance 
with this configuration, the compound is pre- 
cipitated with digitonin, whereas androsterone 
is not. Gis-dchydroandrosterone has been pre- 
pared, and is biologically more active than the 
natural <rans-compound. 


MeO 



V. 


Testosterone, isolated from testes proved to 
be different from these ; it was unsaturated 
and hence unstable to alkali and perman- 
ganate and was much more active than andro- 
sterone in the rat test (Laqueur et al., l.c . ; 
Callow and Deanesly, Lancet, 1935, ii, 77). It 
was isolated in minute amoimt from the testes 
of steers (David, Dingemanse, Ereud and 
Laqueur (Z. physiol. Chem. 1935, 233, 281) and 
proved to be an a/S-unsaturated ketone, 
C.sHggOa ; on careful oxidation it gave A®®- 
androstene-3:17-dione, also obtained by the 
oxidation of irons-dehydroandrosterone (David, 
Acta brev. neerl. Physiol. 1935, 85, 108). It 
was then synthesised from the above compound 
(Ruzicka and Wettstein, Helv. Chim. Acta, 

1935, 18, 1264; Butenandt and Hanisch, Ber. 

1936, 68 [B], 1859; Z. physiol. Chem. 1935, 
237, 89) by reduction to androstenediol, the 
acetate of which (VI) can be hydrolysed to a 
monoacetate (VII), the acetyl group in ring A 
being removed before that in ring D. After 
proteeting the double bond by bromination the 
monoacetate was oxidised to (VIII) and on re- 
moving bromine testosterone acetate (IX) was 
obtained : 


OAc 



VI. 



27G 


. hormones. 



OAc 



vin. 


OAc 



IX. 


Testosterone when injected in oil solution is 
about 7 times more active than androsterone in 
the capon test. In the rat test its activity is 
increased by the presence of an acidic material 
(Laqueur’s “ X-Stoff ”) in extracts of testes, 
probably fatty acids, which have no effect in the 
capon test. This increased activity is probably 
connected with the rate of absorption of the 
active material. Similarly, the activity of testo- 
sterone and androsterone can be enhanced by 
esterification with fatty acids up to valeric acid ; 
testosterone valerate is 10 times more active 
than testosterone in the rat test, but not in the 
capon test. Testosterone propionate has the 
highest activity of any known substance in both 
tests. Modem theory inclines to the view that 
testosterone is the only natural androgenic com- 
pound and that androsterone is probably a 
secondary product derived from it (N. H. 
Callow, Biochem. J. 1939, 33, 559; Dorfman, 
Cook and Hamilton, .J. Biol. Chem. 1939, 130, 
285). 

A very large number of derivatives of these 
compounds have been prepared by varying the 
groups attached to the carbon atoms 3 and 17 in 
androsterone and testosterone. A number of 
these compounds have been found to possess 
considerable biological activity, which is also 
closely bound up with their stereochemical con- 
figuration ; a discussion of them is beyond the 
scope of this article, but reference may be made 
to a review by Goldberg in “ Ergebnisse der 
Vitamin- imd Hormoiiforschung,” Leipzig, 
1938, I, 391; see also Ammon and Dirscherl, 
“ Fermente, Hormone, Vifamine,” Leipzig, 
1938. 

A number of androstane derivatives, par- 


ticularly unsaturated compounds, have some 
biological activity as female sex hormones and, 
on the other hand, oestrogens have a stimulating 
effect on certain of the male sexual organs. The 
physiological significance of this is uncertain, 
but reference may be made to Korenchevsky, 
“ Ergebnisse der Vitamin- und Hormon- 
forsehung,” Leipzig, 1938, II, 420, for a dis- 
cussion of the subject. Some male hormone 
activity may be derived from the adrenal corte.t 
(see below) and it is known that tumours of the 
adrenal cortex in women may lead to virfiisation; 
an abnormally high secretion of h«u5-dehydro- 
androsterone has also been observed in such 
cases. 

Adrenal Hormones. — ^The adrenal gland 
consists of two parts, the medulla and the cortex. 
The former secretes adrenalin (q.v.). The cortex 
is essential to life and, in man, atrophy or 
destruction of this part of the gland is the cause 
of Addison’s disease. Removal of the gland is 
rapidly fatal, especially in birds, and gives rise 
to the following symptoms : disturbances of the 
equilibrium between potassium and sodium in 
the blood as well as in the amount of water in 
the blood, adynamia (ready onset of muscular 
fatigue), difficulty in the assimilation of fats 
and in the absorption of carbohydrates. It is 
thought that the last two processes are con- 
nected with phosphorylation (Verzar) and that 
this process is controlled by the adrenal^ hor- 
mones. These deficiency symptoms are relieved 
by extracts of the adrenal gland, the composition 
of which has been intensively studied in recent 
years. 

Biological Assay . — ^In the survival test (Cart- 
land and Kuizenga) adrenalectomised animals 
(rats) are kept alive by injections of the material 
to be examined. The dog test (Pfifiher, Single 
and Vars) similarly measures the amount of 
hormone preparation necessary to maintam a 
dog in good condition. The muscle fatigue test 
(Everse and de Fremeiy) measures quantita- 
tively the diminished resistance to muscle 
fatigue in rats ; the Ingle test is similar, also the 
swimming test (Gaarenstrom, Waterman and 
Laqueur). The glucose test is based on the 
absorption of glucose in rats. 

Isolation . — The separation of the cortex froni 
the medulla of the adrenal gland is not practic- 
able on a large scale, and whole glands are used ; 
the inactivation of the hormones hy heat and 
alkali must also be borne in mind. 

The glands are extracted with alcohol at room 
temperature, the extract is evaporated, the 
residue taken up in benzene, then in acetone; 
after partition between 70% alcohol and hexane 
the alcoholic layer is filtered through per- 
mulite ” to remove adrenalin (losses are some- 
times experienced at this stage), evaporated, the 
residue taken up in water to precipitate resins 
and again reprecipitated from an alcoholic solu- 
tion. The p'eld at this stage is equivalent to 
60 g. of dry material from 1,000 kg. of gland 
(from some 20,000 head of cattle) and contains 
1-2 million dog units (Swingle and Pfiffner, 
-Amer. J. Physiol. 1931, 96, 153, 164, ISO; 
Pfiffner, Vars and Taylor, J. Biol. Chem. 1934, 
106, G25 ; Pfiffner and Vars, ibid. p. 64.5). -An 
alternative method (Cartland and Kuizenga, 
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ibid. 1936, 116, 67) involves extraction of the 
glands with acetone, two partitions between 70% 
alcohol and petroleum and an extraction with 
ethylene dichloride ; the yield of (diy) material 
is somewhat less (18 g. from 1,000 kg.) but 
the total activitj’^ is higher {2-5 million dog 
units). 

The active material is soluble both in water 
and in solvents such as ether and benzene and 
the further purification of the hormones is based 
on repeated partition between solvents; this 
has been employed by three groups of workers, 
namely those of Kendall, Winterstemer and 
Pfiffner, and Reichstein. The final isolation of 
the pure compounds is carried out with carbonyl 
reagents ; Girard’s reagent has been particularly 
valuable in Reichstein’s hands. In tliis way 
5 pure active compounds have been isolated, 
together with 7 or 8 closely related but inactive 
ones ; nevertheless, the amorphous, water- 
soluble material remaining in the residues 
appears to bo more active than any of the 
pure compounds hitherto isolated. 

Chomicallj’’, aU the pure compounds found in 
the adrenal cortex belong to the sterol group; 


those which are saturated belong to the chole- 
stane type and are characterised by an oxygen 
atom (in addition to one on Cg), the position of 
which is almost certainly on although this 
has not yet been strictly proved. They also 
have an oxygenated side-chain of varying length 
on Cj^j. 

Properties and Oonslitution. — Corticosterone, 
A^-pregnone-ll:21-diol-3;20-dione(I),C2iHgQO4, 
has m.p. 180-182° (corr.), [a]D -|-223° (in alcohol) 
(Reichstein, Laqueur, Uyldert, de Eremery and 
SpanhofF, Proc. K. Akad. Wetensch. Amster- 
dam, 1936, 39, 1218 ; Nature, 1937, 139, 26) ; it 
forms an alcoholate, reduces ammoniacal silver 
solutions and gives the characteristic spectrum 
of an a^-unsaturated ketone. Oxidation with 
chromic acid gives the acid (II) (Reichstein, 
Helv. Chim. Acta, 1937, 20, 953). The liydr- 
oxylic nature of the oxygen atom * (originally 
placed on Cjj) was recognised by Kendall, 
Mason, Hoehn and Mackenzie (Proc. Staff Meet-. 
Ma 3 m Clinic, 1937, 12, 136), who showed that 
the acid (III) was produced by oxidation of 
corticosterone (I) with periodic acid and (III) 
could be further oxidised to (II) : 



Corticosterone forms a monoacetate (IV) wliich 
can be oxidised by chromic acid in the same way, 
the product being identical with the acetate of 
dehydrocorticosterone (below). 

The position of the side-chain on has been 
proved by conversion of corticosterone into 
aZtopregnane (Steiger and Reichstein, Nature, 
1938, 14.1, 202; Helv. Chim. Acta, 1938, 21, 
161). 

Corticosterone possesses a high degree of cortin 
activity, 1 mg. being equivalent to 50-100 g. of 
suprarenal gland ; its esters are equally active, 
but the activity is almost completely destroyed 
by the reduction of the double bond. 

Deliydrocorticosterone, C 2 iH 2804 , m.p. 174r- 
181-5°, [a]i, -1-299° {acetate, 178-180-5°), has 
been isolated by Mason, Myers and Kendall 
(J. Biol. Chem. 1930, 114;, 613) and prepared by 
Reichstein by the oxidation of corticosterone 
acetate and hydrolysis ; it gives the acid (III) 
on oxidation with either periodic or chromic acid. 
Its biological activity is inferior to that of 
corticosterone and it differs from the latter in 


not giving the characteristic green fluorescence 
with sulphuric acid. 

A'‘-Pre 5 fJzewe-ll: 17 : 21 -ZnoZ- 3 : 20 -dione (V), 

^ 21 ^ 30 ^ 5 ’ 

m.p. about 207-210°, [a]]) -1-167-2° (Reichstein, 
Helv. Chim. Acta, 1937, 20, 1164) has some 
activity in the Everse and de Eremery test, 
reduces silver solutions and gives a green 
fluorescence with sulphuric acid. On oxidation 
with chromic acid it gives adrenosterone (VI), 
whereas lead tetra-acetate gives the hydroxy- 
ketone (VII) ; the acetate of (V), m.p. 223-225°, 
passes on^mild oxidation into the acetate of the 
compound (VIII) described at the top of the 
next page. 

A ^-Pregnene-Yl :21 -diol-2:l 1 :20-trione (VIII), 
CgiHggOg, m.p. about 208°, [a]^ -1-209°, was 
first isolated by Wiutersteiner and Pfiffner 
(J. Biol. Chem. 1935, 111, 585 ; 1936, 114, Ixxx ; 
116, 291). It is very similar to the triol (V), 
but can be distinguished by its crystalline form 
(shining rhombohedra) ; it has a bitter taste. 
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Oxidation -with chromic acid gives adreno- 
sterone and -with periodic acid the hvdroxyacid 
(IX): 



IX. 


Its activity is somevhat less than that of (V). 

Adrenosterone, A ^-androstene-3:l l:17-trione 
(YI). C 19 H 24 O 3 , was isolated from the portions 
of the adrenal extract more soluble in ether and 
petroleum by Reichstein (Helv. Chim. Acta, 
1936, 19, 29) and has m.p. 222°, [a]^ -f262° ; it 
has no corfcin activity hut a considerable andro- 
genic acitivity (about one-fifth that of andro- 
sterone in the capon test) and this provided a 
clue to its structure- It is hydrogenated to a 
saturated triketone, m.p. 178°, -which has been 
reduced by Clemmensen's method to androstane, 
thus fixing the ring structure present in this, and 
hence also in the other compounds of the group 
which have been correlated -with it. A by- 
product of the reduction is 17-androstauol, 
which fixes the position of the side-chain in these 
componnds, whilst the position of one o^gen 
atom on 63 follows from the fact that the 
hydroxylated compounds of this series are 
precipitated by digitonin. 

■ In addition to the above compounds, a number 
of physiologically inert compoimds have been j 
isolated ; these have proved useful in elucidating 
the chemistry of the whole group, and an account 
of them by Reichstein -will be found in “ Ergeb- 
nisse der Vitamin- und Hormonforschung,” 
Leipzig. 1938, 1, 334. 

A synthetic compound possessing an even 
greater biological activity than corticosterone 
(5 to 7 times greater in the dog test and about 
10 times greater-in the Everse and de Fremery 
test) is deo3ycorticosterone or 21-hydroxypro- 


gesterone, m.p. 141-142° (corr.), [a]i, -M78“ 
(Reichstein and Steiger, iS'ature, 1937, 139, 925: 
Helv. CJhim Acta, 1937, 20, 1164) ; it lacks the 
characteristic inert hydroxyl group on Cjj, bat 
embodies the other features which appear to be 
essential for cortin activity, namely a double 
bond ajS -with respect to the carbonyl group on 
C 3 (since all the active compounds are in- 
activated on reduction) and the terminal 
hydroxyl group on Cgi (since progesterone' itself 
has no cortin activity). The compound was 
prepared from the acetate of A®-3-hydroxy- 
cholenic acid as follows : 
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The last compound is brominated to protect the 
double bond, oxidised and debrominated (c/. the 
preparation of progesterone, p. 273c), yielding the 
acetate of deoxycorticosterone. This synthesis 
is of great importance in view of the clinical 
uses of the compound. Deoxycorticosterone has 
recently been isolated in minute amoimt from 
the suprarenal gland (Reichstein and Von Euw, 
ibid. 1938, 21, 1197). 

G. A. R. K. 

HORNBLENDE. An important rock-form- 
ing mineral belonging to the monochnic series 
of the amphibole group, consisting mainly of 
metasilicates of calcium, magnesium and iron. 
The name hornblende is sometimes applied to 
the group itself, which includes the useful 
minerals asbestos (q.v.), nephrite and crocidolite 
{q.v.). More usually, however, it is restricted 
to the darker- coloured (green, brown, black) 
aluminous varieties, the composition of which 
is expressed by mixtures in various proportions 
of the molecules 

Ca 4 Na 2 (Mg,Fe)jQAl 2 Sij 4044{0 H,F)4, 

Ca 4 Na 2 (Mg,Fe)aAlgSij 2044 ( 0 H,F) 4 , 

etc. It forms part of many kinds of igneous 
.rocks, e.g. hornblende-granite, syenite, basalt, 
etc., and crystalline schists, e.g. hornblende- 
schist. 

L. J. S. 

HORNFELS v. Hoenstone. 

HORN LEAD: Lead chloride, PbClj. 

HORN-QUICKSILVER. Calomel, 
occnrs native in small quantities. 

HORNSILVER. Native silver chloride v. 

ATJnVTST^T? 

HORNSTONEand HORNFELS , names 
applied to a variety of hard and tough, fine- 
grained and compact, splintery, siliceous rocks 
\vith a horny appearance, which have generally 
been formed by the baking action of igneous 
rock-masses on surrounding sedimentary rocks 
(sandstones, grits, shales, slates, etc.). They 
frequently show a banded structure representing 
the original bedding planes, but they, do not 
break along these directions. The name hom- 
stone is more usually applied by mineralogists 
to the highly siliceous Idnds, and regarded as a 
variety of quartz allied to flint, chert, novaculite 
and jasper; whilst the German name homfels 
is applied by petrographers to materials more 
of the nature of rocks, e.g. biotite-homfels, 
andalusite-homfels, tourmaline -homfels, calc- 
silicate-homfels, etc., the last-named having 
been produced by the thermal metamorphism of 
impure siliceous limestones. The Swedish Hdlle- 
flinta (meaning rock-flint) is also very similar in 
character ; this may in some cases represent an 
altered felsitic lava, but in others it does not 
differ from homfels. These materials are used 
as hones {Whetstones). 

L. J. S. 

HORSE-CHESTNUT. The horse-chest- 
nut tree, Mscnlns Mppocastanum, is a native of 
Persia and Northern India, and is said to have 
been introduced into Emope in the sixteenth 
century. The nuts, closely resembfing those 
of the sweet (edible) chestnut, are the “ conkers ” 
of school boys, but are injurious if eaten owing 


to their content of toxic saponin and other bitter 
substances. When extracted with boiling water 
or preferabty with dilute sodium carbonate solu- 
tion the nuts leave a harmless residue of value 
as a cattle food (Sasaki and Kandatsu, J. Agric. 
Chem. Soc. Japan, 1936, 12, 675). According to 
Dechambre (Compt. rend. Acad. Agric. France 
1917, 3, 927) the extracted nuts may be ground 
and used in breadmaking. 

The bark of the tree contains the glucoside 
sesculin {q.v.) (6-^-g]ucosidoxy-7-hydroxycou- 
marin. Head and Robertson, J.C.S. 1930, 2435; 
Macbeth, ibid. 1931, 1288) with small propor- 
tions of the aglucone msculetin (6;7-dihydroxy- 
coumarin, Gattermann and Kobner, Ber. 1899, 
32, 288). JSsculin, m.p. 200-202° is extracted 
from the bark with boiling water, and the extract 
after treatment with lead acetate, and subse- 
quently -with hydrogen sulphide to remove 
excess lead, is concentrated until crystals are 
formed. AUsculin is hydrolysed by mineral 
acids or by the enzyme emulsin to glucose and 
a'.sculetin, m.p. 270°. 

- A second glucoside /ma;m is also present in the 
bark. Hydrolysis of fraxin, CjgHjgOiQ, yields 
glucose and fraxetin, CpHgOgOMe, a methoxy- 
aisculetin (Koerner and JBiginelli, Gazzetta, 1891, 
21, ii, 452). 

Horse-chestnut leaves contain quercitrin and 
the flowers contain quercetin. 

Baker and Hulton (Analyst, 1917, 42, 363) 
give the composition of the hulled nuts as : 
water, 1-85-3-5; ash, 2-45-2-90; oil, 5-0-7-2; 
protein, 7-25-10-8 ; reducing sugars (as dex- 
trose), L6-9T ; sucrose, 7'27-17-5 ; starch 
(Lintner), 21‘9-47'8 ; starch (taka-diastase), 
i5-2-39-0; pentosans, 4-75-6-44; crude fibre, 
2"0-2-6%. In an examination of the hulls 
Hilpert and Kriiger (Ber. 1939, 72 [B], 400) 
give the foUeAving analytical data : 

C, 54’5; H, 4-8; methoxyl, 2-2; lignin, 5‘2; 
pentosans, 5'7%. 

The mits are of value in the manufacture of 
7i-butyl alcohol and acetone by fermentation 
processes ; yields of alcohol may reach 11-12% 
of the weight of the nuts (Henley, J.S.C.I. 1919, 
38, 281t; GiU, ibid. p. 411t). Hirst and 
Young (J.C.S. 1939, 961) obtained yields of 
10-20% of a starch having [aJ^-f-lbU and by 
means of the methyl derivative obtained three 
fractions of molecular weight 700,000, 650,000 
and 430,000. The starch molecule probably 
corresponds with a chain length of 28 glucose- 
units. 

Belozerski and Dubrovskaja (Biochimia, 1936, 
1, 665) isolated from the cotyledons of the 
nuts a globulin, hippocastanin, and a nucleo- 
protein. Hydrolysis of the latter yielded a pro- 
tein having a nitrogen-distribution similar to 
that of hippocastanin and a nucleic acid yielding 
guanine, adenine, cytosine, thymine and Itevulic 
acid but not uracil. 

The use of the saponin of horse-chestnut as a 
substitute for white soap bark in certain thera- 
peutic preparations is suggested by Roberg and 
Hoffmann (Deut. Apoth.-Ztg. 1939, 54, 416). 

For an examination of the seed oil, see Masson 
(Bull. Sci. pharmacol. 1918, 25, 65). 

A. G. Po. 
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HORSE- FAT. The fat obtained from the 
horse is of a yellowish colour and buttery con- 
sistency : as the rendering of horse-fat is not as 
a rule so carefully carried out as that of other 
edible animal fats, it is liable to be contaminated 
with remnants of tissues, to rancidify easily and 
to, develop an unpleasant odour. On standing, 
it separates into a solid and a more unsatm-ated 
liquid portion, the latter being Imown as “ horse, 
oil ” (not to be confused with horse’s foot oil, 
see belovj) . Both the fat and oil have weak drying 
properties and are, therefore, unsuitable for use 
as lubricants. In consequence of the increasing 
consumption of horse-meat, the fat has become 
a commercial article ; it is used by the poorer 
classes on the Continent as a substitute for lard, 
and is no doubt used, upon occasion, as an 
adulterant of more expensive edible fats. 

Low grade horse-fats are used in the manu- 
facture of soaps and leather-greases. A process 
for protecting calcium carbide from the action 
of water vapour by a coating of oil from horse 
fat was patented by McRae (B.P. 25046/1905). 

Horse-fat melts at about 34^39°C., and has an 
iodine value varying from 65 to 94 according to 
the part of animal from which it is derived: 
cf. Amthor and Zink, Z. anal. Chem. 1892, 31, 
381; Kalmann, Chem.-Ztg. 1892, 16, 922; GiU 
and Rowe, J. Amer. Chem. Soc. 1902, 24, 466; 
Dunlop, Analyst, 1907, 32, 317 (the fat from 
the kidney-bed was found to have an iodine 
value of 110-6, the highest figure recorded for 
any horse-fat) ; Rosello, Chim. et. Ind., 1929, 
Spec. No. (8e Congr. de Chim. ind., Strasbourg 
(1928) 520C. (examination of horse oils : the 
presence of palmito-dilinolin is reported). 

The higher iodine value, and refractive index 
of horse-fat (51-59° Zeiss at 40°, i.e. 1-4600- 
1-4653) have been usedin Germany as an official 
means of identifying horse-meat (c/. A. Beythien, 
“ Laboratoriumsbuch f.d. Nahrungsmittelchemi- 
ker,” 1931, 13. According to Pritzker and 
-Jungkunz (Z. Unters. Lebensm. 1932, 63, 30), 
however, the upper h’mit of 69° for the refractive 
index originally given by Konig (“ Chem. d. 
menschl. Kahr.-u. Genussm,” 1910 (3) 1, 420) and 
reproduced by Beythien and others is probably 
a misprint for 59°, a figiue which is consistent 
with the iodine value and is also the one given 
in “ Das Schweizerische Lebensmittelbuch,” 
1909 ed.). 

Horse-fats contain about 24-33% of saturated 
acids, consisting of palmitic acid, vith a small 
proportion (from 5-13%, on the whole fat) of 
•rtearic acid, oleic acid (50-55%) and linolic acid 
(about 10%) [v. Heiduschka and Steinruck, J. 
pr. Chem. 1921, [ii], 102, 241; Grossfeld, Z. 
Unters. Lebensm. 1931, 62, 553; Pritzker and 
Jungkunz, he.). The presence of 1-7% of lino- 
lenic acid in horse-fat was reported by Hei- 
duschka and Steinrock (v. Kliraont, 3Ieisl and 
Maj-er, ^Monatsh. 1914, 35, 1115) and rather 
more (about 4-5%) in the abdominal fat from 
the wild Western range horse (iodine value 82-7 ; 
Schuette, Garrin and Schwoeglcr, -J. Biol. 
Chem. 1934, 107, 635) wliich appears to be more 
unsaturated than the fat of the ordinan'i 
domestic horse. 

The identification of horse-fat may be of 
importance in the e.vamination of meat product® | 


such as sausages, etc. According to PritzUr 
and Jimgkunz, horse-fat may be differentiated 
from lard by the fractional precipitation mctho'l 
of Kreis and Roth (Z. Unters. Leben«in. I913, 
25, 81), and fractional crystallisation of the acid-' 
from alcohol is suggested by G. Wolff (Chim. ct 
Ind. 1934, Spec. No. (13e Congr. de Chim. ind., 
Lille, 1933), 885S) : detection of it in admirtun- 
with lard or tallow is, however, a ver}- much 
more difiScult matter. It is stated to be detect- 
able by biological methods depending upon the 
differentiation of albumins from different sources 
(cf. Wittels and Welwart, Seifens.-Ztg. 1910, 37, 
1014 ; Allen, “ Commercial Organic Analy.=i«,’' 
5th ed., Vol. IX, p. 244 ; “ Schweizerische 
Lebensmittelbuch,” 1917 ed.), but such raethock 
would fail if all albuminous matter had been 
removed by refining. Pasclike (Z. Unter=. 
Lebensm. 1938, 76, 476) relies upon the detection 
of Mnolenic acid in mixtures containing horse- 
fat, and has described a delicate modification of 
the hexabromide test for this purpose. Hie 
identification of horse-fat in lard by means of 
its characteristic absorption spectum (max. at 
310 mp) is claimed by Dorta and Reggiani (Z. 
Unters. Lebensm. 1939, 77, 449). 

Horses' Crest-Fat {“ adeps colli equini”) which 
is prized in Switzerland as a remedy for baldness 
and is obtained from the crest on the back of the 
neck, has been studied by Pritzker and Jungkimz 
(Pharm. Acta Helv, 1931, 6, 201). Its refractive 
index (52-5-54-5° Zeiss at 40°, i.e. np 1-4G10- 
1-4623) and iodine value (75-84) are similar 
to those of horse-fat, but the content of un- 
saponifiable matter (0-13-0-19%) is distinctively 
lower than that of the body-fat (0-3-0-5%); 
the paler colour of the unsaponifiable matter 
derived from the crest-fat further serves to 
differentiate it from the body-fat. Tlie body-fat 
gives orange-red colorations in the Bellier test, 
which is negative in the case of the crest-fat. 
Some 3-5% of parafiin wax or beeswax appears 
to be commonly added to the commercial crest- 
fat as a stiffener. 

Horse- (Bone-) Marrow Fat, a non-drying fat of 
iodine value 77-5-80-5 (Zink, Forschungsber. u. 
Lebensm. 1896, 3, 441), and horse-hone fat, 
iodine value 89-6 (v. Schenk, Slitt, Lebensm. 
Hyg. 1918, 9, 215), are also obtainable from the 
horse. 

Horse's Foot Oil is obtained from horses’ feet 
by boding them with water : samples examined 
by Lewkowitsch (“ Chemical Technology' of Oik- 
Fats and Waxes,” 6th ed., Vol. 2, p. 49.5) and 
Amthor and Zink had iodine values of 74 and 90 
respectivefy. As a rule the oil is not met with 
in commerce rmder its own name, as the feet arf- 
usually boded out together with cattle feet and 
sheep’s feet and the resulting oil is sold in- 
discriminately' as “ neat’s foot oil,” or a® 
“ am'mal oil,” 

E. L. 

HORSE-FLESH-ORE (v. Vol, If, 324). 

HORSE-RADISH. The fleshy root of 
Cochlearia armoracia L., .n cmciferons plant 
native to en®tem Europe. Ibe sliced or gratfy 
root is used as a condiment. Its eharacteridit 
flavour is largely' due to the proscnco of propyl 
and isobutyl isothiocyanates. Recorded analyses 
show the root to contain (%) : 
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Water ' . 73-8-76-7 

Protein 2-7-3'4 

Eat 0-3 

N-free extract 16-9-18-3 

Fibre . . ' 2'6-2-8 

Ash 1-5-1-G 

More recentty Friese (Z. Unters. Nahr.-u. 
Genussm. 1925, 49, 194) gives the following 


data(%) : 

"Water. 

Ash. 

Whole root 

72-07 

2-11 

Inner layer 

76-96 

1-79 

Outer layer 

73-05 

2-09 

The percentage composition of 

the ash recorded 


Friese (I) and by Konig (II) is as follows : — 



K„ 0 . 

Na, 0 . 

CaO. 

MgO. 

FC2O3. 

AI2O3. 

I. . 

30“-34 

U'-66 

9-27 

2-67 

0-09 

0-21 

II. . 

30-8 

4-0 

8-2 

2-9 

1-9 

— 



P 2 O 5 - 

so,. 


S1O2. 

Cl. 

I. . 

0-09 

7-.54 

27-09 

9-37 

0-84 

II... 

— 

7-8 

30-8 

12-7 

0-9 


According to Noetzcl (Pharm. Zentralk. 1935, 36, 
221) horse-radish “ juice ” contains l-6G-2-3% 
of dry matter, 0'3-0'6% of ash and 0-22-0-25% 
of mustard oil. The original roots (25-80% of 
water-) contained 0-12-0-16% of mustard oil. 

Peroxidase, present in horse-radish root, pro-' 
vided the basis of Buck’s early studies of this 
enzyme. EUiot and Keihn (Proc. Roy. Soc. 
1934, B, 114, 210) record an examination of 
horse-radish peroxidase in relation to its hromatin 
content. No relation was apparent between the 
proportion of ha3matin and the activity of the 
enzyme. All the hasmatin occurs free in the 
root as acid hrematin. 

Horse-radish is a good source of vitamin-G. 
According to Kedrov (Problems of Nutrition, 
U.S.S.R. 1934, 3, No. 6, 20) 20 g. of root daily 
suffices to prevent scurvy in man if used as sole 
source of the vitamin. 

A. G. Po. 

HOWLITE (V. Vol. I, 686a). 
HUCKLEBERRY. The fruit of Gaylns- 
sacia resinosa Torr. and Gray, a native of the 
western hemisphere. In the central states of 
America the name is also given to the swamp 
blueberry, Vaccinium corymhosum. The fruit 
is eaten raw or cooked, and is frequently dried 
or canned. 

The folloiving percentage composition of the 
true huckleberry is recorded by Atwater and 
Bryant (U.S. Dept. Agric. Off. Exp. Sta. Bull. 
1906, No. 28) : 

Water, 81-9; protein, 0-6; fat, 0-6; N-free 
extract, 16-6 ; fibre, 16-6 ; ash, 0-3%. «. 

A. G. Po. 

H U LS I T E . A black, opaque, orthorhombic 
(?) mineral originally described as a hydrous 
borate of ferrous and ferric iron and magnesium, 
but subsequently found to contain some tin 
(SnOg, 7-07% in a sample with a considerable 
amount of insoluble gangue), the formula being 
given as 

12(Fe,Mg)0-2Fe203-Sn02-3B203-2H20. 


It occurs as small crystals and tabular masses 
in a metamorphic limestone, near the contact 
of this rock with granite, at Brooks Mountain, 
Seward Peninsula, Alaska, and is associated 
ivith magnetite and tin-ore (A. Knopf and W. T. 
Schaller, Amer. J. Sci. 1908, [iv], 25, 323 ; 1910, 
[iv], 29, 543). 

L. J. S. 

HUME-ROTHERY’S RULE. Ingeneral, 
when one metal is alloyed with another, the first 
addition of a metal Y to a solvent metal X 
results in the formation of a Homogeneous aUoy 
with the same crystal structure as the parent 
metal X, and which may be called a ‘primary 
solid solution of Y in X. These primary solid 
solutions are of two kinds, namely, subsiihitional 
solid solutions in which the solute atoms replace 
those of the solvent in its lattice, and interstitial 
solid solutions in which the solute atoms occupy 
the holes or interstices between those of the 
solvent. The extent of these primary solid solu- 
tions varies from complete miscibility of the 
two metals in the sohd state {e.g. copper-nickel, 
silver-gold) to a solubility which is too small to 
be measured. When the concentration of 
solute atoms exceeds that of the limit of the 
primary sohd solution, a new phase makes its 
appearance. In some systems {e.g. copper- 
silver) the new phase is a sohd solution of X in 
Y, and in such cases the ahoys, according to 
their compositions, faU into one of three types, a 
primary sohd solution of Y in X, a primary sohd 
solution of X in Y, and a mixture of the two 
primary sohd solutions. In other systems inter- 
mediate phases are also formed, and these may 
be of fixed or variable composition. It is weU 
known that, in the general case, the composi- 
tions of many of those intermediate phases are 
difficult to reconcile with the ordinary valencies 
of the elements, and it was first pointed out by 
Hume-Rothery ^ in 1926 that this is only to be 
expected when a truly metaUic compound is 
formed. The valency compounds of ordinary 
chemistry are the result of the valency electrons 
being bound into stable groups (usuahy octets), 
and if metaUic properties are regarded as result- 
ing from the presence of free electrons, a metaUic 
compound wUl not be expected to foUow the 
usual valency relations. In searching for an 
alternative exifianation of the compositions of 
the intermediate phases in ahoy systems, Hume- 
Rothery was guided by the Electron Lattice 
Theory of Lindemann ^ which was attz-acting 
attention at the time. This theory has been dis- 
carded, but it led to the hypothesis that certain 
intermediate phases in aUoy systems might be 
characterised by definite ratios of valency elec- 
tions to atoms, and this has been confirmed for 
a number of systems. 

The first kind of aUoy considered was that of 
the ajp brass type, and Fig. 1 shows the equili- 
brium diagram of the system copper-zinc. Here 
the primary or a-soUd solution of zinc in copper 
is foUowed by a ^-phase which has a body- 
centred cubic structure, in contrast with the face- 
centred cubic structure of copper itself. The 
composition of the ^-phase is in the region of the 
equiatomic composition CuZn, although there 
is a wdde range of solid solubihty. The next 
phase, denoted y, is in the region of 62 atomic per 
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cent, zinc, and Has a characteristic crystal struc- 
ture, and this in its turn is followed by the e- 
phase with a close-packed hexagonal structure, 
and a composition extending from about 78 to 
87 atomic per cent, zinc, i.e. to the zinc-rich side 
of the composition 75 atomic per cent, zinc which 
would correspond udth the formula CuZrig. 

Fig. 2 shows the equilibrium diagram of the 
system copper-aluminium, and this clearly has 
a general resemblance to that of the system 
copper-zinc. The jS-phase in the system copper- 


aluminium has a body-centred cubic structure 
and its composition is in the region of CuM 
The equilibrium diagram of the system copper- 
tin has some of the same characteristics, and 
here the composition of the ^-phase is in the 
region of CUgSn . It was pointed out by Hiime- 
Rothery that, if the elements were given their 
normal valencies Cu 1, Zn 2, AI 3 and Sn 4, 
the compositions CuZn, CUgAl and Cu^Sn all 
corresponded with a ratio of 3 valency electrons 
to 2 atoms. Other examples were quoted, and 


Atomic % Zn 



100 90 80 70 60 50 40 30 20 10 0 


Wt. % Cu 
Fig. 1. 


he idea was taken up by Westgren and his 
collaborators.^ As a result of this and later work 
it was shown that in a number of allojm of copper, 
silver and gold with the elements of the B-sub- 
groups, and with Be, Mg, Al and Si there was 
a general tendencj" for body-centred cubic struc- 
tures to . occur at a valency’’ electron/atom 
ratio of 3/2, whilst y-brass Structures were 
found at an electron/atom ratio of 21/13, and 
close-packed hexagonal structures at an elec- 
tron/atom ratio of 7/4. These phases may con- 
veniently be called electron compounds. The 


vork of Bradley and Gregoiy * showed tlia 
emary electron compounds could be prepare i 
he type of crystal structure remaining the same 
rhen the proportions of the atoms w'pre adjustc 
o that the electron concentration (i.e. the ratio 
if valency electrons to atoms) bad the 
haractcristic of the structure concerned. 
onception was carried further by the work ot 
Skman ® and others, who showed that the same 
(rinciple was followed in some alloys of 
ub-group metals with elements of Group * Uh 
irovided that the latter were assumed to possess 
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a zero valency. TJius in the system iron-zinc, 
a phase with the y-brass structure was found to 
occur at a composition corresponding to the 
formula Fe^Znji. Here, if the iron is assumed 
to possess zero valency, there are 42 valency 
electrons to 26 atoms, which gives the char- 
acteristic ratio 21:13 found in Cu-Zno and 
Cu„Al,. 

The above relations were discovered em- 
pirically, and clearly suggested that in this class 
of alloy the electron concentration was some- 
times the predominant factor in determining the 
type of structure, althoiigh in other cases it 
was clear that the effect of electron concentra- 


tion was outweighed by other factors. Of these 
the most important factor is the relative size 
of the different atoms, and, speaking generally, 
electron compounds are only formed in cases 
where the atomic diameters of the two elements 
do not differ too widely, the limiting difference 
being of the order of 26%. In cases where the two 
metals differ Aridoly in electrochemical proper- 
ties there is a tendency for electron compounds 
to disappear, and to bo replaced by compounds 
which begin to resemble those of a normal 
valency typo. 

In Fig. 1 it will be seen that the o/a-f and 
a+PIP pliase boundaries have a characteristic 


Atomic % A! . 



Fig. 2. 


shape showing that the solubility of zinc in 
copper diminishes at high temperatures. It has 
been shown empirically by Hume-Rothcry and 
collaborators ® that this kind of phase boundary 
is controlled largely by the electron .concen- 
tration, although the effects are modified by the 
relative sizes of the atoms in the alloy systems 
concerned, and these effects have been studied 
in detail by Hume-Rothcry and Andrews,’ 
From the empirical point of view, therefore, the 
position may be summarised by saying that, 
in this class of alloy there are many cases in 
which both the type of structure and the form 
of the phase boundaries are determined largely 


by the electron concentration, although this 
simple principle is often obscured by the effect 
of other factors such as the relative sizes or 
electrochemical characteristics of the atoms 
concerned. 

These empirical relations received remarkable 
support from the theoretical Avork of Mott and 
Jones ® on the modem electron theories of 
metals, especial^ as regards the theories of 
Rrillouin zones (Brillouin, “ Quantenstatistik,” 
Berlin, 1931). Jones “ Avas able to shoAv that 
for the y-brass structures the electron concen- 
tration Avas nearly that required to fill the first 
Brillouin zone. Although in other cases the 
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explanation was more complicated, the electron 
theory' clearly supported the view that electron 
concentration was sometimes the predominant 
factor in determining the type of crystal struc- 
ture or the form of phase boundaries, and Jones 
even developed a theory of the a/j3 brass equili- 
brium in reasonable agreement with the facts. 
The work of Jones suggests that whilst the 
electron concentration is often the important 
factor, there is no reason why this should corre- 
spond with simple whole number ratios of atoms. 
In the above description reference has been 
made to formulre such as CuZn, CU3AI, etc., 
in order to illustrate the principle in a simple 
wa3’', but it must not be imagined that these 
exact ratios have anj' particular significance, or 
that any definite molecular species exist with 
these compositions. The important fact is that 
in the different S3-stems, phases of the same 
structure tend to occur at roughl3'^ the same 
electron concentration. 

Recent work by Lipson^® has extended the 
principle to defect lattices. These are structures 
in wliich variation in composition takes place 
not by a process of substitution of one atom for 
another, but b3* one kind of atom dropping out 
of the lattice. In such cases it has been shown 
that characteristic changes occur at compositions 
such that the number of electrons per unit cell ' 
remains constant, and this is in agreement with 
the expectations of the electron theory. In 
normal structures with no defects, a constant 
number of electrons per tmit cell is equivalent 
to a constant number of electrons per atom, or 
a constant electron concentration, but in defect 
lattices the number of electrons per unit cell is 
the fundamental characteristic. 
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W. H.-E. 

HUMIC ACID. The term applied from 
time to time to various acidic constituents of the 
black, spongy, semi-colloidal matter (humns) 
present in soils, peat, etc., resulting from the 
chemical and microbiological decomposition of 
plant and animal residues. Typical samples of 
humic acid are prepared bx^ extracting soil or 
peat with very dilute alkah ’(concentrated alkali 
causes decomposition) and precipitating the 
brorvnish-black humic acid with dilute mineral 
acids. Humerous systems of purification or 
further fractionation have been adopted bj- 
different investigators. An average analysis of 
humic acid is C 61-9, H 4-2, N 3-3, O 30-6%. 

jMuch discussion has centred round the nitro- 
gen content of humic acid. Artificial humic 
acids, closel3’ resembling the natural product, 
may be prepared by heating sugars with mineral 
acids. This suggests that the humic acid does 
not contain nitrogen as an essential constituent. 
The nitrogen invariably present in natural 
preparations has been regarded as ammoniacal 
m'trogen in ammonium humate. Hot all this 
nitrogen, however, can be removed by customarv 
methods for decomposing ammonium salts. 

Preparations still more closely resembling 
natural humic acid are obtained by heating 
sugars "with amino-acids under conditions 
favouring the production of hydroxymethyl- 
furfuraldehyde. The latter substance on ex- 
posure to air is shorvn to be polymerised in the 
course of some months to 3ield a black sub- 
stance, possessing the general properties of 
humic acid. 

Attempts to prepare artificial humic acid have 
been numerous, but although there is a genera, 
similarity in the nature of the synthetic products, 
it cannot be established that any indiridi^ 
substance has been isolated. Hor can it fe 
proved that any of the synthetic preparations is 
identical with the natural substance. Moreover, 
hunuc acid preparations from soil or peat vary 
considerably in their composition and properties 
according to the process of isolation adopted, 
and have not 3*et afforded proof that natural 
humic acid exists as a chemical entity. 
modem workers favour the view that the 
numerous preparations of natural hunuc acid 
consist of varied mixtures of substances similar 
in character but not chemicall3" identical- 
Indeed Waksman, “ Humus,” Baiiliere, Tindall 
and Cox, 1938, suggests that to avoid miscom 
ception the term “ humic ” acid should be 

abandoned altogether. _ 

A. G. Po. 

HUMIDITY AND HUMIDITY CON- 
TROL. Inlrodzidion.— Humidity is a general 
term apphcable to the water vapour content 01 
any gas. It is rarely used for gases other than 
air, and this restricted meaning is used throngn- 
out this article, but the application of the state- 
ments to other gases will be obvious. 

There are three general methods of stating 
the humidity of air. The most fundamental is 
the absolute humidify which is the mass of water 
per unit volume of air, and is usually expressed 
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in terms of grams per cubic metre or grains 
per cubic foot. The absolute liumidity at any 
temperature can be increased by adding water 
until the air becomes saturated, at which point 
it is in equilibrium with liquid water at the same 
temperature. (It is true that in the absence of 
nuclei such as dust particles or ions a super- 
saturated state may be obtained, but this is 
an unstable condition.) Humidity may also be 
quantitatively stated as the vapour pressure of 
water present in the air, but this is the least used 
of any methods of defining humidity, jirobably 
owing to the difficulty of measuring water 
vapour pressure in air by anj'^ simple direct 
method. Since water vapour obeys Doyle’s 
law with considerable accuracy, the vapour 
pressure is proportional to the absolute humidity. 

A much more useful measure is the relative 
humidity or percentage saturation, which is 
defined as the active absolute humiditj^ ex- 
pressed as a xjcrceutage of the maximum or 
saturation humidity at the same temperature. 
An alternative definition based on vapour pres- 
sures can be used and the difi'erence between the 
two results is negh’gible in practice. Relative 
humidity is much more important than absolute 
humidity because it is closely related to the 
equilibrium moisture content of hygroscopic 
substances regardless of temperature changc.s, 
and has very direct application to such practical 
problems as drying. It should be noted that 
since the saturation absolute humidity and the 
vapour pressure of water increase with tempera- 
ture, the relative humidity of a given quantity 
of air can be lowered by heating and raised by 
cooling, although no water is added or taken 
from the air. 

Although humidity may be stated in these 
three ways it is always possible to relate one 
to the other if the temperature is known. 
Tables of saturation absolute humidity and of 
vapour pressure at various temperatures are 
available and therefore all measurements of 
humidity can be expressed in the way most 
convenient to the purpose in hand. 

Measurement of Humidity . — Absorption 
Method . — ^The most fundamental method of 
measuring humidity is by absorption. A known 
volume of air is dra'wn over substances which 
completely remove the water {e.g. phosphorus 
pentoxidc or silica gel). The mass of water 
absorbed can then be determined by weighing. 
This method is, however, cumbersome and slow 
and is little used in practice except for basic 
calibration' purposes. 

IF et and Dry Bulb Hygrometers . — ^The most 
usual method is to make use of the wet and dry 
bulb hygrometer, which consists of two mercury- 
in-glass thermometers, one of which has its bulb 
covered with muslin provided with a wick dip- 
ping into a water reservoir in order to keep it 
wet. Water then evaporates off the muslin at 
a rate depending on the relative humidity of the 
air, and the absorption of latent heat causes this 
thermometer to indicate a lower temperature 
(the wet bulb temperature) than the other which 
gives the diy bulb temperature. The difference 
of the readings is kno^vn as the bulb difference 
and from this the relative humidity is determined 
by reference to tables. 


It is essential that the muslin and wick should 
be clean and be renewed frequently, and that 
the water should bo pure. It is possible to use 
a wet and dry bulb instrument when the cover- 
ing of the wet bulb is frozen but care must be 
taken when the film of ice is thin. Detailed 
instructions for such measurement will be found 
in the “ Observer’s Handbook ” issued by the 
Meteorological Office in Great Britain, or similar 
publications in other countries. 

The tables generally used in Great Britain for 
this type of hygrometer arc “ Hygrometrical 
Tables adapted to the use of the Dry- and Wet- 
Bulb Thermometer,” by James Glaisher (4th ed., 
Tajdor and Francis, London, 1800). To avoid 
the trouble of using tables, nomograms and 
various humidity-calculating devices have been 
produced and these are often a help in reducing 
observations to terms of relative humidity. 
ITie Meteorological Office issues a set of tables 
(M.O. 205) for use with wet and dry bulb 
thermometers exposed in Stevenson screens 
out of doors and these are intended for use in 
“ h'ght airs,” whereas Glaisher’s tables refer to 
the thermometers in still air. If still air were 
realised in practice, the sample of air which the 
hygrometer measured might not be the same as 
the rest of the space in which the observer was 
interested. If moving air bo used it is found 
by experiment that for the same relative 
humidity the bulb difference increases with the 
velocity, but fortunately above a speed of 3 
metres per sec. this increase is negligible. This 
fact forms the basis of two of the best types of 
wet and dry bulb hygrometer. 

In the sling or whirling psychrometer two 
thermometers are fastened to a irarne provided 
with a handle which enables them to be rotated, 
thus causing a stream of air to flow over the 
bulb.s. This instrument is adopted as the stan- 
dard for the measuring of humidity by the U.S. 
Weather Bureau, and detailed instructions for 
its use will be found in “ Psychrometric Tables,” 
published by the U.S. Government Printing 
Office, Washington. Briefly, these may be 
stated as follows : The bulb of one thermometer 
is covered with a wick and moistened, and the 
instrument whirled rapidly for 15-20 seconds, 
stopped and quickly read, the wet bulb having 
attention first. The whirling and reading are 
repeated until the wet bulb reaches its lowest 
temperature. While whirling the psychrometer 
the observer should walk to and fro thus obtain- 
ing a better average reading. 

The other hygrometer employing moving air 
is called the Aesmann psychrometer and is 
regarded as the best instrument of this type for 
standardisation purposes. A constant current 
of air is drawn by a fan driven by clockwork or 
by an electric motor over the bulbs of the tw'o 
thermometers, one having the usual wet 
muslin cover. The bulbs are surrounded by 
highly polished metal shields so that the instru- 
ment is unaffected by radiant heat. The tables 
for use with it are practically identical with 
those of the whirling instrument, but the best 
tables are ‘‘Aspirations P8j’’chrometer Tafcln ” 
issued by the Prussian Meteorological Institute. 
These tables originally covered the range to 
JO^o. (104:°p.), but this range has been extended 
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by Awbery and Griffiths (Proc. Physical Soc. Measnrement of Thermal Conductivitv ” Cs-m 
] 932, 44, 132) up to lOO^c. (212 °f.). bridge IJniTersity Press, 1933.) * ’ 

It is not necessaiy to use mercury-in-glass Control of Humidity,— It uill be clear froio 
thermometers, and mercury-in-steel thermo- -what has been said that the relative hainiditT 
meters, electrical resistance thermometers, in any enclosed space can be changed by beatir’" 
thermo-couples or even bi-metaUic temperature or cooling the atmosphere, but there is usuallv a 
indicators are used in cases where the extra cost very severe limitation to what can be done in 
can be justified. With the mercury-in-steel this direction and therefore control is efiecte-d 
thermometers it is possible to obtain enough by adding or taking water from the air. Air h 
power for a direct reading of relative humidity saturated at room temperature when it contaks 
by means of a linkage system connecting the about 1|% water by weight. The -(veight of 
two indicating mechanisms to a pointer water, therefore, required to change the humidity 

Bateson, J. Sci. Instr. 1932, 9, 94). With these by 10%, which is a normal amount, is onlv 
variations from the usual mercuiy-in-glass 0-15% of the weight of the air if there is no 
thermometers records can be obtained and these leakage of air or condensation of water. The 


are often of great value in industrial applications 
of humidity. 

Hygroscopic Methods . — Other methods of 
measuring humidity depend on the change of 
length of hygroscopic substances when in 
equilibrium -with atmospheres of different 
relative humidities. The most commonly used 
substances are hair, gold-beaters’ skin, animal 
or vegetable membranes or textile fibres. 
Temperature changes of normal magnitude have 
little effect on these materials, and when cleaned 
from grease they can therefore be used for indi- 
cating and recording instruments calibrated 
directly in relative humidity. Unfortunately, 
the accuracy of such instruments is not great 
owing to lag and to changes of reading after they 
have been subjected to high or low humidities. 
It has been shown (D.S.I.R. Food Investigation 
Special Report Xo. 8, 1933) that gold-beaters’ 
skin has the smallest lag and that horsehair 
maintains its calibration better than other sub- 
stances, In cases where extreme accuracy is not 
necessary’^ such instruments are very useful as 
they can be read directly; but they’^ should be 
checked at intervals against a standard hygro- 
meter. 

Dew Point Method . — When air is cooled the 
relative humidity increases until the air becomes 
saturated. At this point (the dew point) water 
will be deposited as dew and this forms the basis 
of an accurate method of measurement. In 
order to detect the formation of dew a highly 
polished silver thimble is used and arrangements 
are made for cooling it, for instance, by the 
evaporation of ether. The temperature of the 
surface when the dew' forms is best determined 
by means of a thermo-couple attached to the 
thimble. This method is not suitable for 
general use but forms an excellent means -of 
calibrating empirical hygrometers. Full details 
of refinements obtaining high accuracy' will be 
fmmd in D.S.I.R. Food Investigation Special 
Report Xo. 8, 1933. 

Other Methods. — ^ilany other ways of mea- 
suring humidity have been proposed from time 
te time but the only one which will be men- 
tioned here is that based on the different thermal 
conductivities of humid and d^ 
method is therefore identical with ordinary : 
methods of gas analysis by halharometer whic i 
were described originaUy' by Shakespear an 
Daynes (Proc. Roy, Soc. 1920, A, 9t, 

It is a very accurate way of determining 
amounts of water vapour in gases. (I or furt er 
detaUs, see H. A. Daynes, “ Gas Analysis y 


amount of water needed is therefore in general 
small and in some cases veiy' crude methods can 
be used. 

Humidification . — ^To increase the humidity in 
a room it is often sufficient to sprinkle water on 
the floor with a watering can or to allow steam 
to blow into the air from jets. The latter method 
usually results, however, in the introduction of 
much heat and the humidity in some cases is 
lowered when the steam is turned on. A far 
better way of introducing water is by means of 
specially designed humidifiers which break np 
the water into very small drops in which con- 
dition it readily evaporates. The absorption 
of heat in this process is often a great help in 
increasing the relative humidity in factories 
where machinery is giving off heat. Tie water 
may either be sprayed into the air, being 
atomised by compressed air, or the spraying may 
occur in an enclosure, through which air flons, 
and in its passage is consequently humidified 
and washed. A third type combines the func- 
tion of a humidifier and ventilating plaiit, since 
air is humidified at some central point and 
distributed to various parts of the room or 
building by a trunking system. The relative 
advantages of these three ty^es of plant depeM 
greatly on the local conditions and cannot be 
discussed in detail here. 

Dehumidification. — Interest in humidity’ 
lower than those normally occurring is genemlo 
the reason for installing a drying process. Ifd 
is allowable to heat the air this is clearly tne 
easiest way of obtaining the necessary lo^^ 
humidity' and is the general practice in diy'ing 
methods. If heating is not allowable it f 
necessary to absorb the water from the am 
When relatively small volumes of air are 
handled, fused calcium chloride is a very useful 
substance as it is cheap and the solution pro- 
duced when water is absorbed is easily carrit-ij 
away by a drain. It has been found very' useful 
in dehumidifying small laboratories and testing 
rooms. Sulphuric acid has been considered for 
the same purpose but has usually been rejected 
because of corrosion difficulties. 

It is often prefen-ed to u«c an adsorbent sub- 
stance which can be regenerated. Sih’ca gel, 
which is the best knovai e.vamplc of this typ'', i* 
pure silica manufactured in sueh a way' as to Jiave 
a porous structure which makes it capable of 
adsorbing up t('-40% of its own weight of water 
without appearing wet or increasing in volume. 
When sat'jrated it is heated and the water 1“ 
given off-j allowing the substance to be used 
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repeatedly {v. Vol. I, p. 150b). In praetice it is 
arranged that three or four units are available, 
one being in use while he others are being 
regenerated or eooled. The ehange-over between 
the, units can be effected at definite intervals by 
automatic means if desirable. A full description 
of such plant bj"^ Lees will be found in Engineer- 
ing, 1932, 134, 458. Alumina has been put for- 
ward as an alternative to silica gel and is used 
in very much the same way (Engineering, 1941, 
152, 406). 

Air-Conditioning Plants. — The plants 
which have been described above arc designed 
to correct humidity by the direct addition or 
removal of water vapour, little regard being paid 
to temperature. The object of an air-condition- 
ing plant is to deliver at every point in the region 
served air Avliich has been washed free from dust, 
at the desired temperature and humidity and 
with the correct air movement. The basic 
principle of such plants is that air is saturated , 
with water at such a temperature that when it is | 
heated to room temperature it will have the 
correct relative humidity. This may be a pro- 
cess of humidification or dohumidificafron 
according to circumstances, and air may also 
be heated or cooled during the process. The air 
is saturated by passing it through a very dense 
spray of water in a large chamber. Baffle plates 
remove any water drops and the air then passes 
through a heating chamber to give it the correct 
temperature. After this a fan delivers it to the 
distribution system. Details of the construction 
of such plants udll be found in Moyer and Eittz, 
“Air Conditioning,” McGraw Hill Book Co., New 
York, 1938. The control of these plants may be 
effected in many ways. The simplest of them 
is to use two thermostats which control the 
temperature of the spray-water and of the air 
as it leaves the plant. 

When air is saturated in the maimer described 
it is brought to a temperature known as the 
“ temperature of adiabatic saturation ” which, 
as pointed out by Carrier (Trans. Amer. Soc. 
Mech. Eng. 1911, 33, 1005), is the same as the wet 
bulb temperature obtained in a ventilated wet 
and dry bulb hygrometer. The connection 
between the two cannot be explained on a 
theoretical basis, but the agreement in most 
cases is so close that the adiabatic saturation 
temperature is often spoken of as the wet bulb 
temperature. 

When very low humidities are required with 
an air-conditioning plant it is necessary to cool 
the spray-water by a refrigerating plant or by 
some method such as rapid evaporation in a 
vacuum. 

Automatic Humidity Controls. — The best 
results with a humidifying or dehumidifying 
plant can only be obtained with automatic 
control. An instrument for this purpose is 
essentially a hygrometer, fitted with some device 
to start the plant when the humidity departs 
from the desired value. The commonest form 
of control or “ hygrostat ” makes use of the 
change of length of hairs, textile threads or gold- 
beaters’ skin. This type usually behaves very 
well as it is not subjected to large changes of 
iumidity if the plant is kept running con- 
tinuously. Another type is based on the wet I 


and dry bulb hygrometer, which, if it works on 
a true humidity basis, is complicated because 
the readings of two thermometers have to be 
subtracted and then corrected for temperature. 
This can be avoided by using a wet and dry bulb 
thermostat, but a small error in either instrument 
may then cause a considerable error in humidity. 

The transmission of the indication of the 
hygrometer to the plant being controlled can 
be carried out electrically or by compressed air. 
The electrical method of transmission appears to 
be the simplest, but chattering of contacts often 
causes trouble with relays and this problem has 
to be given special consideration. With the 
compressed air method the sensitive element 
opens and closes a small leak in a system which 
is supplied through a smaller orifice, and conse- 
quently the presence or absence of the leak causes 
a large change of pressure which is employed 
in operating diaphragm valves or dampers. 
Space does not allow mention to be made of the 
many ingenious applications of these principles 
under practical worldug conditions (see Bihlio- 
graphy). 

Humidity Control in Experimental Work. 
— ^In any research or testing work with hygro- 
scopic substances it may be necessary to control 
the humidity under which the work is carried 
out. If aU the necessary operations can be 
carried out in an air-tight box it is often very 
simple to control the humidity by means of a 
large tray of saturated salt solution in the en- 
closure. This has a definite vapour pressure 
and therefore at a given temperature a fixed 
relative humidity. Tables of values will be 
found in “ International Critical Tables ” (Vol. I, 
p. 67). Sodium chloride may be specially men- 
tioned, since its solubility changes little with 
temperature and therefore over a range of 
temperature it gives a relative humidity of 
approximately 73-75%. Sulphuric acid and 
glj'cerin solutions have been used for a similar 
purpose, but as they absorb or lose water their 
strength is changed and therefore the humidity 
is not constant as in the case of saturated salt 
solutions. Tables relating to sulphuric acid 
Were given by Wilson (J. Ind. Eng. Chem. 1921, 
13, 326). 

Where it is impossible to work in a small en- 
closure it is necessary to humidify the whole 
of the room. As accurate humidity control can 
only be effected when the temperature is also 
controlled, it is advisable to choose a room the 
temperature of which can be maintained con- 
stant. It should therefore have few or no 
windows and if possible an air-lock at its 
entrance. The humidity can be lowered by fans 
drawing air through a tower containing calcium 
chloride and raised by passing it through a 
similar tower containing wet pumice or coke. 
The fans can be controlled by any suitable type 
of electrical humidity control operating through 
relays. 

Industrial Importance of Humidity. — 
In the application of scientific principles to in- 
dustry, humidity is assuming an ever increasing 
importance. This is obvious in connection with 
all problems relating to drying processes but 
there is also a much wider scope. When in- 
dustrial materials are reviewed it is found that 
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a verr large proportion are hygroscopic in 
character. A close inTestigation of their -n-ork- 
ing properties shows that weather often has 
profound effects even in a building where the 
temperature is maintained approximately con- 
stant. The=e effects are therefore due to the 
changes of humidity and it h; often economically 
sound to change the humidity artificially to 
ensure the best working conditions. 

The behaviour of hygroscopic materials is to 
a large extent bound up with the formation of 
electrostatic charges. At high humidities the 
rate of leakage of these charges is so great that 
they are not detectable, hnt at low humidities 
they may become so marked as to exert con- 
siderable forces on the material being worked. 
Thus, in the textile trades threads and fabrics 
under diy conditions are often distorted fi-om 
their normal paths through machines and become 
attached to any neighhouriug earthed conductor 
with a resultant breakdown of the working. 
Another effect of these electrostatic charges is 
that dust or other small particles are often 
thrown off into the air cansing discomfort and 
contamination. This effect is enormously re- 
duced by the increase of humidity. Further, 
electrification may become so serious in some 
cases that sparks occur and in the presence of 
inflammable fibres the risk of fire is veiy con- 
siderable. Humidification has been used to 
reduce such risks. 

Low humidities are of great value in works 
producing cables, transformers and other elec- 
trical apparatus in which the insulation must he 
kept in a very dry state. 

Humidity and Human Comfort. — While the 
full consideration of this subject is outside the 
scope of this article, it should be noted that 
humidity is a large factor in. the comfort con- 
ditions of an atmosphere especially in hot 
ch'mates, the other factors being temperature 
and air movement. In Great Britain this sub- 
ject has not therefore received as much attention 
as in America. The plants for giving com- 
fortable conditions in large buildings are usually 
of the air-conditioning type fitted with re- 
ftigerators. The design of these plants is based 
on the results of much research work and excel- 
lent results are obtained. 

Various instruments have been designed for 
measurement of comfort conditions, the best 
known of which is the J:aiaiTitrmomeler designed 
by Sir Leonard Hfll. This is essentially an 
alcohol thermometer with a large bulb. The 
time for the temperature to drop from lOO’r. to 
fio'r. is measured. From this a “ cooling 
power " is determined and this has been related 
by much experimental work to comfort con- 
ditions. Another instrument is the eupalJieo- 
icope which is a black-painted copper cylinder 
22 in. high hj- 7^ in. in diameter heated to 
7.5^r., the loss of heat from this being recorded 
and scaled in figures of “ equivalent tempera- 
ture.” For a full description, see D.S.LR 
BuDding Research Board Technical Paper, 1932, 
Xo. 13 (H.W. Stationery Office). 
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Air Conditioning,” AIcGraw HDl Book Co.. 1939 ; 
W. H. Stangle, “ An Air Conditioning Primer," 
AIcGraw Hill Book Co., 1940. Reference shoxdd 
also be made to the “ Journal of the Institution 
of Heating and Ventilating Engineers,” London, 
and the “ Transactions of the American Associa- 
tion of Heating and Venrilating Engineers,’’ 
Xew York, also to two American periodicals. 
“ Heating, Piping and Air Conditioning ” and 
“ The Aerologist.” 

AI. C. AL 

HUMULENE(i;. A'ol. H, 92a, 408d)* 

HUMULON (v. Vol. H, 92a). 

HUNGARIAN TURPENTINEistheoleo- 
resin obtained from Pinvs pumilio Haenke. 

HUTCH INSONITE. Sulpharsenite of thal- 
lium, lead, silver and copper. 


(Ti,Ag,Cu)2S-As2S3-f PbS-AsjSg, 

crystallised in the orthorhombic ^stem, and 
one of the few minerals that contain thallium 
(18-25%) as an essential constituent. It is 
of rare occurrence as minute, red, transparent 
crystals in the white, crj'staUine dolomite of the 
Binnenthal in Switzerland. 

L. J. S. 

HYACINTH or JACINTH. A name 
loosely applied to several kinds of gem-stones of 
a yeUowish-red or red shade, hut more usuaUy to 
zircon (native zirconium silicate, ZrSi 04 ). 
Other stones of similar colour to which the name 
is sometimes applied include : ferruginous quartz 
from Santiago de Compostella in the north of 
Spain (Compostella hyacinth); heponite (f- 
Gaexex) ; brown iodoerase or vesuvianite from 
AYsuvius ; yeUowish-red spinel from 
Xovas, Brazil ; topaz from Brazil ; and leda^- 
brown corundum (Oriental hyacinth). Ihe 
vaKivOos or Jiyacinthus of the ancients was, how- 
ever, a blue or purple stone, probably corundum 

(sapphire), or perhaps amethyst. ^ t c 

L. 'J- 

HYACINTH (Artificial). Practically 
hyacinth perftimes are based on two important- 
synthetics, the natural perfume being rare y 
used- These two synthetics are 
stvrene, PhCH;CHBr, m.p. 7°, h.p. ’ 
d 1-4220, »n 1-6094; and phenylacetaldehvae, 
PhCHs-CHO, h.p. 205-207“, d l-OoO-l-OS^. 
n 1-526.5-1-5345. The latter important modern 
synthetic perfume is necessary in all the more 
delicate perfumes of the hyacinth and narcissm 
types, for which bromostyrene is rather 
but it is very apt to polymerise, and shomu 

kept in dilute alcoholic solution. „ -n 

^ E. J. 
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HY/ENIC ACID (C 25 H 50 O 2 ?) has been 
stated to occur as a glyceride in the secretion of 
the anal glandular pouches of the striped hyajna 
(Carius, Annalen, 1864, 129, 168) ; the acid, 
which was stated to melt at 77-78°, probably 
consisted of a mixture of homologous fatty acids 
with an even number of carbon atoms. 

E L 

HYALOPHANE (?;. Vol. I, 631J). ' 

HYDANTOIN, gly coUylurea, 

/NH-CHa 

co/ 1 

^NH-CO . 

is found together with allantoin in the leaf buds 
of Platanus orientalis (Linn.) (Schulze and 
Barbieri, Ber. 1881, 14, 1834) ; in beet juice 
(v. Lippmann, ibid. 1896, 29, 2652) j also in the 
pale sprouts growing from beets in moist warm 
weather (Pauly and Saerter, cit'd. i930, 63 [B], 
2063). It is prepared (1) by reducing allantoin 
or alloxanic acid with concentrated hydriodic 
acid at 100° (Bayer, Annalen, 1864, 130, 168) ; 
(2) by the action of excess of alcoholic ammonia 
on bromoacetylurea at 100° (Baeyer, Ber. 1875, 
8, 612) ; (3) by the condensation of sodium di- 
hydroxytartrate and urea in the presence of 
hydrochloric acid at 60-60° (Anschutz, Annalen, 
1889, 254, 258) ; (4) by the condensation of 
glyoxal and urea in the presence of hydro- 
chloric acid (Siemonsen, ibid. 1904, 333, 109) ; 
(6) from the compound : 


HO-CH-NH. 

I \ 

ho-ch-nh/ 


CO 


(which is formed from formaldehyde and urea 
in water) by heating with hydrochloric acid 
(Pauly and Sauter, l.c.) ; (6) from amino- 

acetonitrile by the action of potassium cyanate 
(Biltz and Slotta, J. pr. Chem. 1926, [ii], 113, 
233) ; (7) from ethyl hydantoate by heating at 
136° for 7 hours or by warming with 25% hydro- 
chloric acid (Harries and Weiss, Ber. 1900, 33, 
3418), or by heating with alcohohe ammonia at 
100° (Harries, Annalen, 1908, 361, 69 ) ; the ethyl 
hydantoate is prepared by the condensation of 
glycine ethyl ester hydrochloride with potassium 
cyanate (Harries and Weiss, l.c.) or by the inter- 
action of glycine ester and sodium ethyl car- 
bonate (Diels and Heintzel, Ber. 1905, 38, 305). 
It may be prepared from hippuric acid by con- 
verting it into 1 - benzoyl- 2 - thiohydantoin 
(formerly 3-benzoyl-) (Johnson and Nicolet, 
J. Amer. Chem. Soc. 1911, 13, 1973) and then 
desulphurising this compound with an aqueous 
solution of chloroacetic acid (Johnson and 
Bengis, ibid. 1913, 35, 1605). It is obtained 
from glycine by treatment with potassium 
cyanate and glacial acetic acid and evaporating 
the hydantoic acid so obtained to diyness with 
hydrochloric acid (West, J. Biol. Chem. 1918, 
34, 188 ; Wagner and Simons, J. Chem. Edu- 
cation, 1936, 13, 265); and a yield of 90% is 
obtained by the condensation of glycine with 
nitrourea (Sah and Liu, A. 1937, 390). 

Hydantoin crystallises in colourless needles, 
m.p. 21G° (Schuhe and Barbferi, Anschutz, ll.c.]; 

VoL. VI.— 19 


217—220° (Harries and Weiss, l.c.) ; its heat of 
combustion at constant volume is -{-3 12-4 kg.- 
cal., and heat of formation 4-109 kg. -cal. 
(Matignon, Ann. Chim. 1893, [vi], 28, 70). Its 
dissociation constant Ka is 7-59 X 10"^° (Wood, 
Phil. Trans. 1906, 1833) ; the dielectric co- 

efficient ^=6-4 (e=dielectric constant, c=con- 

centration) (Devoto, Gazzetta, 1933, 63, 50). Eor 
the absorption of light by hydantoin, see 
Asahina, Bull. Chem. Soc. Japan, 1929, 4, 202. 
Irradiation with a quartz lamp causes opening of 
the ring since no ammonia is evolved but the 
amino-N (van Slyke) increases considerably 
(Lieben and Getreuer, Biochem. Z. 1933, 259, 1). 
It is sparingly soluble in cold, readily in hot 
water, and the solution has a sw'eetisb taste; it 
is soluble in 10 parts of boiling acetic acid. 
Hydantoin is not attacked by ammonia, hydro- 
chloric acid or dilute nitric acidj "when boiled 
rvfth haryta water it is converted into the harium 
salt of hydantoic acid, the heat of combustion of 
which is 308-9 kg.-cal. and heat of formation 
-f 181-6 kg.-cal. (Matignon, l.c.), m.p. 179-180°. 
Heating Avith ammonium sulphide at 150-155° 
in a sealed tube or boiling for 120 hours AAuth 
dilute ammonium sulphide gives glycine (Harries 
and Weiss, Annalen, 1903, 327, 380 ; Boyd and 
Robson, Biochem. J. 1935, 29, 642). The action 
of reductases from milk, blood, pancreas or liver 
extract causes cleavage Avith liberation of urea 
(Wada, Proc. Imp. Acad. Tokyo, 1934, 10, 17). 
In its physiological action, hydantoin has a slight 
hyperglycEcmic effect, counteracting to some 
extent the influence of insulin (Isshiki, Folia 
Pharmacol. Japan, 1932, 15, No. 1, Breviaria 4). 

Hydantoin forms sodium and potassium salts 
which are soluble in alcohol AA'ith difficulty and 
are hydrolysed by water (Bailey, J. Amer. Chem. 
Soc. 1906, 28, 392), The silver derivative, 
C 3 H 302 N 2 Ag,H 20 , is precipitated by silver 
nitrate from an ammoniacal solution of hydan- 
toin (Weiss, Annalen, 1903, 327, 375; cf. Baeyer, 
Annalen, 1864, 130, 160). 

When equal weights of hydantoin and para- 
banic acid are heated at 150° for 1-^ hours, 1:5 
dehydro-5:5'~dihydantyl, 


CO-NH-CH- 


-C=N-CO 


NH- 


-CO CO — NH 


m.p. 178°, is formed ; its sodium salt is yelloAV 
and crystaUises from 20% sodium hydroxide 
Avith dHgO, m.p.' about 140°; reduction with 
hydriodic acid regenerates hydantoin (Biltz and 
Lachmann, J. pr. Chem. 1933, [ii], 136, 217). 

8piro-5:5-dihyda7itoin, 

NH— CO. /NH— CO 

I I 

CO— NH/ \C0— NH 

prepared by boffing 5-ammo-4-hydroxy-4:6- 
dihydrouric acid Avith concentrated hydro- 
chloric acid, it crystallises in stout rhombohedra 
which slowly blacken and decompose above 
400°. It is remarkably stable toAvards acids, 
and is not attacked by alkaline permanganate ; 
it is converted by hot concentrated aqueous 
barium hydroxide into aiiantom. It is the 
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parent substance of hypomjjeine {Irimelhyl- 
8piro-o:5-dihydan(oin) (Biltz andHejm, Annalen, 
1916, 413, 38). 

With 3:5-dinitrobenzoic acid in alkaline solu- 
tion, hydantoin gives a purplish-rose colour (also 
given by many creatinine derivatives) which can 
be used for colorimetric determination (Benedict 
and Behre, J. Biol. Chem. 1936, 114, 515). 

Substituted derivatives of hydantoin are 
referred to the ring, 

NH-CH, 

oc4l 

^NH-CO 


"With regard to the isomerisation of hydantoin, 
see Hahn and Seikel, J. Amer. Chem. Soe. 1936, 
58, 647. 

5-Nitrohydantoin, 


OC 


/NH-CH-NO,, 

\nh-co 


prepared by the action of nitric acid on hydan- 
toin, forms shining crystals, melting and decom- 
posing at 170° (Franchimont and Klobbie, Bee. 
trav. chim. 1888, 7, 12 ; Harries and Weigg, 
Annalen, 1903, 327, 373). 

5-Aminohydantoin hydrochloride, .5-Car- 
boxyaminohydantoin [Jiydroxonic add) (I), ob- 
tained by the reduction of potassium allantoxa- 
nate (Ponomarev, Annalen, 1879, 226, 228, 461 ; 
V. Yol. I, 239d) when boiled with acetic an- 
hydride yields l:3-diacetyl-5-acetylaminohy- 
dantoin (II) which is hydrolysed by boiling with 
a methyl alcoholic solution of HCI to give the 
hydrochloride of 5-aminohydantoin, m.p. 218- 
222° (HI). The free base has not been isolated 
(Biltz and Giesler, Ber. 1913, 46, 3423 ; Biltz 
and Hanisch, J. pr. Chem. 1925, [ii], 111, 149) : 


OC 


^NH-CH-NH-COjH 

\nh-co 

1 . 

,NAc-CH-NHAc 


OC 


^NAc-CO 
II. 


OC^ 


^NH-CH-NHa-HCi 


^NHCO 

in. 


1:3-Diacetylhydantoin, obtained by the 
action of acetic anhydride on hydantoin, has 
m.p. 104—105°, and jdelds 1-aceiylhydanioin, 
m.p, 143-144°, when boiled with water, and this 
forms a sparingly soluble lead salt (Blhrries and 
Weiss, Annalen, 1903, 327, 355; Siemonsen, 
ihid. 1904, 333, 101). 

l:3-Dichlorohydantoin, obtained in the 
form of lu.strous crystalline leaves, m.p, 120— 
121°, by the action of chlorine on an aqueous 
solution of hydantoin, has the characteristic 
properties of a chloroimino compound (Harries 
and Weiss, l.c.; Siemonsen, l.c.; Biltz and 


Behrens, Ber. 1910, 43, 1984). Attempts to 
prepare bromine derivatives of hydantoin have 
been unsuccessful ; by the action of mol. of 
bromine, hydantoin is converted into ihoalliluric 
add. 


/NH-CH-N— CH,,^ 
OC/ I I \co, 
^NH-CO CO-NH/ 


m.p. 258-260°; when a larger proportion of 
bromine is emplojmd, parabanic acid (oxalyl- 
urea) is formed, probably from an intermediate 
5:5-dibromo-derivative. 

Condensation with Aldehydes. — ^Hydantoin con- 
denses with formaldehyde (1-3 moL) in aqueous 
solution to form 1- (or 3-) hydroxymethyl- 
hydantoin, m.p. 125-135°; this yields chloro- 
methylliydantoin, C4Hg02N2C*> ™-P- 150-157°, 
when treated with phosphorus pentachloride or 
concentrated hydrochloric acid. When hy- 
dantnin is warmed with formaldehyde in the 
presence of acids, more complex products are 
obtained (Behrend and Xieraeyer, Annalen, 
1909, 365, 38). 

Hj-dantoin condenses with aromatic alde- 
hj'des in the presence of glacial acetic acid and 
sodium acetate or in pyridine solution in the 
presence of piperidine or diethylamine, to form 
compounds of the type (I), which on reduction, 
e.g. with ammonium sulphide in aqueous or 
alcoholic solution or with hydrogen sulphide in 
pyridine, yield the corresponding o-aryl-svda- 
stituted hydantoin (U), 


°< 


NH-C:CHR 

I 

NH-CO 

I. 


OC<^ 


NH-CH'CHoR 

1 

NH-CO 

II. 


I The foUovdng compounds have been described : 
i 5-Benzalhydantoin, m.p. 220°; Johnson and 
1 Bates (J. Amer. Chem. Soc. 1915, 37, 383) record 
' two isomeric modifications of benzalhydantoin : 
the ordinar5’’ form {ds), m.p, 220°, and a trans- 
form, m.p. 246°, which crystallises in aggregates 
of distorted needles {cf. Komatsu, Mem. CoU. 
Sci. Eng. Kyoto, 1912, 5, 13) ; for the absorption 
spectra of the two forms, see Hahn and Evans, 
J. Amer. Chem. Soc. 1928, 50, 806 ; and Asahina, 
BuU. Chem. Soc. Japan, 1930, 5, 354. 

5-Anisalhydantoin, m.p. 243-244° (decomp.) 
yields a bromo-derivative, m.p. 247°; and^on 
reduction with hydriodic acid forins 5-p- 
hydrozybenzylhydantoin (lyrosinehydantoin), m.p. 
257—258°, from which tyrosine is obtained by 
prolonged boiling with hydriodic acid. The 
t^Tosinehydantoin, m.p. 275-280°, described by 
Blendermarm (Bied. Zentr, 1883, 209) is probably 
an optically active isomeride of this compound. 
■p-Hydroxybenzalhydantoin has m.p. 315° (Boyd 
and Eobson, Biochem. J. 1935, 29, 542) ; 
piperonalhydantoin, m.p. 245°. For the methyl 
ethers and acetoxy-derivatives of 3':4 -di- 
hydroxybenzalhydantoin, see Deulofeu and 
Mendiveizua, Z. physiol. Chem. 1933, 219, 233. 

5-Ginnamalhydantoin, 


OC 


\ 


NH-CO 

NH-C:CH-CH:CHPh 
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crystallises from hot glacial acetic acid in clusters 
of canary-yellow needles which melt at 272-273° 
to a red oil (decomp.) (Johnson and Wrcnshall, 
J. Amer. Chom. Soc. 1915, 37, 2133). .'l-Faraf- 
hydanloin has m.iJ. 232 ° ; for the ahsorption 
spectrum, see Asahina, Bull. Chem. Soc. Japan, 
1930, 5, 354. 

3':5'-JDichloro-4'-hydroxyhenzalhy(lantoin, 



NH-CO 

NH-CrCH-CcHgCIg-OH 


m.p. 300°. 5-p-NUrohenzalhydanioin, m.p. 254° 
(Wheeler and Hoffman, Amer. Chem. J. 1911, 
45, 308). B-o-NUrobenzalhydanloin has m.p. 
278-280° ; nitration gives l-nitro-5(o-nitro- 
ben7.al)-hydantoin, m.p. 224—220° ; hromination 
in acetic acid gives the yellow l-bromo-5(o- 
nitiobenzal)-hydantoin, m.p. 247-248° ; while 
chlorination in acetic acid gives l;3-dicliloro-5- 
(o-nitroben7.al)-hydantoin, m.p. 180-182° (dc- 
comp.) (Kozak andMusial, Bull. Acad. Polonaise, 
1930, A, 432). 

Alkyl and aryl substituted derivatives. 
1 - jlf ethylhydan io in, 



NMe-CH, 

1 

NH— CO 


obtained by methylating hydantoin by means of 
methyl iodide, potassium hydroxide and methanol 
at 10*0° (Franchimont and Klobbie, Bee. trav. 
chim. 1889, 8, 289; Siemonsen, l.c.), or with 
methyl sulphate (Biltz .and Slotta, l.c .) ; from 
methyliirca and glycine (Guareschi, Cliem. 
Zentr. 1892, 1, 140) ; or by lieating /3-mcthyl- 
allantoin with hydriodic acid on the water bath 
(Fischer and Ach, Ber. 1899, 32, 2740) ; it 
crystallises in prism.s, m.p. 182° and is very 
easily soluble in alcohol and boiling water, with 
dilTiculty in ether. The l-nilro-denvativo has 
m.p. 108° (Franchimont and Klobbie, l.c.) and 
the 1-acc/yl-derivative forms needles, m.p. 134- 
135° (Siemonsen, l.c.). 

Z-Elhylhydanloin crystallises in leaflets from 
water, in prisms from alcohol, m.p. 103° (Bailey 
and Randolph, Ber. 1908, 41, 2498; Harries 
and Weiss, Annalen, 1903, 327, 378); nitration 
gives l-nilro-3-elhylhydanloin. 

l:3-Dimethylhydanloin is formed by the action 
of diazomethane on 1-mcthylliydantoin ; it has 
b.p. 174°/34 mm. 

l-.li-Dimelhylhydanioin has m.p. 101-102° 
(Pinner, Ber. 1888, 21, 2320) and yields l-mclhyl- 
ri-bromomethyleneJiydanloin, 

.NMe-C;CHBr 
OC<( I 
^NH— CO 


may be prepared (1) by fusing sarcosinc and 
urea (Huppert, Ber. 1873, 6, 1278 ; Horbac- 
zewski, Monatsh. 1887, 8, 580) ; (2) by passing 
cyanogen chloride through fused sarcosine 
(Traube, Ber. 1882, 15, 2111) ; (3) by heating 
hydrocaffuric acid with baryta water (Fischer, 
jAmnalen, 1882, 215, 280) ; (4) by reducing 3- 
methylallantoin with hydriodic acid (Fischer and 
Ach, Ber. 1899, 32, 2748) ; (5) from mothyl- 
hydantoic acid by long heating at 100-120° 
(Baumann and Hoppe-Seyler, ibid. 1874, 7, 37 ; 
Salkowski, ibid. p. 188) ; (0) from the urea ob- 
tained by the action of potassium cyanate on 
methylaminoacetonitrilc hydrochloride by treat- 
ment with hydrochloric acid (Biltz and Slotta, 
J. pr. Chem. 1920, [ii], 113, 233). It forms 
easily soluble prisms, m.p. 150°, from aqueous 
alcohol but sublimes in leaflets ; the silver 
derivative, C 4 Hf, 02 N 2 Ag, forms difficultly 
soluble leaflets which become brown at 100°. 
It is considerably oxidised when administered 
subcutaneously to dogs (Gaebler and Keltch, 
J. Biol. Chem. 1920, 70, 763). When heated with 
methylparabanic acid, 1-methylhydantoin yields 
dimethyl-6;5'-bihydantylidene, m.p. 273° (Biltz 
and Lachmann, l.c.). 1-Ethylhydantoin, ob- 
tained by heating equimolecular quantities of 
ethylglycino and urea at 120-125° (Heintz, 
Annalen, 180.5, 133, 05) or from N -cyanomethyl- 
-N-ethylurea (Biltz and Slotta, l.c.), crystallises 
from alcohol and ether in rhombic plates, m.p. 
103-104°, sublimes and is very easily soluble in 
alcohol and water, less so in ether ; ^vith diazo- 
methane it gives l-et7iyl-3-methylhydantoin, m.p. 
93° (Siemonsen, Annalen, 1904, 333, 113). 

3- M elhylhydaiitoin, 

/NH— CHn 
OC<( 1 

^NMe-CO 


m.p. 143-144°, by the action of bromine (Gabriel, 
Annalen, 1900, 348, 50). 

l-Phenylhydanloin from N-phenylglycino and 
urea or from chloracetylurea and anihno crystal- 
lises in needles, m.p. 191° ; with potassium in 
alcohol it gives the potassium derivative, 
CjHyOgNjK, which decomposes at 370-378", 
and is hydrolysed by water; bromination in 
acetic acid leads to substitution in the phenyl 
group (p-position) (Breustedt, J. pr. Chem. 1 902, 
[ii], 66, 254). \-Phenyl-3-melhylhydanloin melts 
at 185°; l-phcnyl-3-acelylhyduntoin has m.p. 
14.5-140° (Biltz and Slotta, l.c.). 1-p-Tolyl- 
hydanloin has m.p. 210° (Schwebel, Ber. 1877, 
10, 2045; 11, 1128); 3-p-l'olylhydunlom, from 
p-tolylurea and glycine, has m.p. 206° (Quenda, 
Chem. Zentr. 1892, I, 140); 3-o-lolyl-5:^i- 

dhneihylhydanloin. 


MeCoH«-N— CO. 

I >CIVIe 
CONH/ 


a 


crystalh'sos in thin prismatic plates, m.p. 172° 
(Bailey and McPlicrson, J. Biol. Chem. 1910, 11, 
2520 ; Ber. 1908, 41, 2497). l-Anisyl-3- 
melhylhydantoin has m.p. 194°; l-anisyl-3-acelyl- 
hydantoin, m.p. 172°. 

Homologues of hydantoin containing one or two 
substituents in position 5 are most numerous 
and are prepared by the following general 
methods : (1) from the cyanhydrin of an alde- 
hyde or ketone containing the group 

— CO-CHj— 

by the action of urea (Pinner, Ber. 1887, 20, 
2351 ; 1888, 21, 2300 ; 1889, 22, 085) or am- 
monium carbonate (Bucherer and Steiner, J. pr, 
Chem. 1934, [ii], 140, 291 ; Wagner and Simons, 
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I.C.). Modifications of this method are due to 
Herbs-t and Johnson (J. Amer. Chem. Soc. 1932, 
Si. 2463) who prepared the aminonitrile from 
the carbonyl compotmd by the action of hydro- 
cyanic acid and ammonia, converted this to the 
ureidonitrile with potassium cyanate and then 
cyclised by warming -with 20% hydrochloric 
acid. Bergs (G.P. 566094) and also Slotta, 
Behnisch and Szyszka (Ber. 1934, 67 [Bj, 
1529) heat the carbonyl compound with a 
cyanide and ammonium carbonate under 
pressure of carbon dioxide. (2) By the action 
of dilute hydrochloric acid on the hydantoic acid 
obtained by evaporating to dryness a solution 
of an a-amino-acid and potassium cyanate 
(Daldn, Amer. Chem. J. 1910, 44, 48). This 
reaction is proposed for use in characterising 
and isolating amino-acids (Boyd, Biochem. J. 
1933, 27, 1838). Alternatively, the amino-acid 
may react -svith urea and baiyta water (Lippich, 
Ber. 1908, 41, 2953). (3) By reducing the com- 

poimd obtained by the condensation of hydan- 
toin with an aromatic aldehyde (^Tieeler and 
Hoffmarm, lx. ; Bo3’^d and Rohson, l.c.) and (4) 
from a substituted malondiamide by treatment 
■with hypochlorite, the intermediate chloroamide 


m.p. 115-118° (Biltz and BMow, l.c.). Z-Melhjl 
b-phenylTiydantoin has m.p. 161-162° (Pinner 
Ber. 1888, 21, 2320). 

d\-5-Benzylhydantoin^a-s, prepared by Wheeler 
and Hoffman (Amer. Chem. J. 1911, 45. 372) 
by heating benzalhydantoin -with phosphorus 
and hydriodic acid. It crj'staUises from alcohol 
in lancet-shaped crystals or in prisms, m.p. 
194-195°. Dakin and Dudley (J. Biol. Chem. 
1914, 17, 35) prepared d- and 1-5-benzylhydan- 
toins by hydrolysis of i- and d-^-phenyl-a- 
ureidopropionic acids, 

C6H5-CH2-CH(NH-C0NH2)C02H; 

d-5-henzylhydantoin has m.p. 181-183° and [a]-^ 
+96'4° in 50% alcohol ; it racemises completely 
on standing in alkaline solution at room tem- 
perat-ure ; l-5-beJizylhydantoin has m.p. 181-183° ; 
on prolonged heating -with concentrated acid it 
racemises coihpletely. 5--p-Nitrohenzylhydanloin 
crystallises in pale yeUo-w prisms, m.p. 238-240° 
(decomp.) ,* 5--p-aminobenzylhydantoin has m.p. 
145°; when diazotised and heated it yields 
tyrosinehydantoin (Johnson and Brautlecht, 
J. Biol. Chem. 1912, 12,T87). 5-Anisylhydan- 
toin has m.p. 188-189° ; o-cirinamylhydantoin, 


RR'C(C0NH2)C0NHC1 {e.g. R=R'=Et, 

m.p. 135°) cyclising spontaneously in solution at 
room temperature (Rinkes, Rec. trav. chim. 1927, 
46, 268). 5-Substituted hydantoins can show 
optical activity and may be obtained in active 
forms by resolution -with bases, e.g. brucine, or 
from optically active hydantoic acids or amino- 
acids by method (2) above (Sobotka, E.P. 
736319; Sobotka, Holzman and Kahn, J. 
Amer. Chem. Soc. 1932, 54, 4697). 

b-Methylkydantoin (lactylurea), has m.p. 140° 
or 145° (Heintz, Annalen, 1873, 169, 125 ; Urech, 
Ber. 1873, 6, 1113) and on bromination yields 
b-bromomethylenehydantoin, 

/NH-C:CHBr 

I 

^NHCO 


m.p. 241-242° (Gabriel, Annalen, l.c .) ; 5-meOiyl- 
b-nitrohydavtoin, 

NR-CMe-NOa 

I 

NHCO 

m.p. 148° (Eranchimont and Klobbie, Rec. trav. 
chim. 1888, 7, 13). 5-Ethylhydantoin, m.p. 117- 
118°, yields 5-bromoethylidenehydanioin, m.p. 
230-236°, on bromination (Gabriel, l.c.) ; 5- 
propylhydanioin has m.p. 136-5°; 5-isopropyl 
hydantoin, m.p. 146° (Bergs, l.c .) ; 5-isobutyl- 
liydantoin, m.p. 209-210° (Pinner and Lif- 
achutz, Ber. 1887, 20, 2351), 212° (Lippich, ibid. 
1908, 41, 2953) ; l-5-isobutylhydantoin, m.p, 
212°, [a%° -68-2° in normal sodium hydroxide 
solution, becoming zero in 30 hours o-iring to the 
ability of the ring carbonyd groups to enolise. 
5-Phenylhydavloin, m.p. 178°; the 5-aceIyl-de- 
rivative has m.p. 145° (Pinner, l.c.) ; the 5- 
ironjo-dorivative melts above 200°, and is decom- 
posed by hot water yielding 5-hydroxy-5-phenyl- 
hydanloin (Gabriel. Annalen, 1906, 350, 118). 
liZ-Dhnelhyl-o-Jtydrozy-o-phenylhydanioin has 


oc/ 


/CO— NH 

Ph-CH:CH-CH< | 

\NH— CO 

I m.p. 171-172° (Pinher and Spilker, Ber. 1889, 
22, 685). 

5:5-Dimeihylhydantoin, formed from acetone 
cyanhydrin, has m.p. 175° (Urech, Annalen, 
1872, 164, 264; Errera, Gazzetta, 1896, 26, i, 
210), the l-niiro derivative has m.p. 161-162°, 
the 1-acetyl derivative m.p. 192° ; chlorinatjon 
in cold aqueous solution gives hZ-dichloro-o'.o- 
dimethylhydanioin, while the action of diazo- 
methane or methyl sulphate gives 3:5:o-/n- 
methylhydanioin. l:Z-.o:5-Tetramethylhydantoin 
obtained by methylation of the l:5;5-compouna, 
has m.p. 85°. dl-5- Methyl-o-ethylkydantoin has 

m.p. 149°; the optically active specimen pre- 
pared by Dakin (l.c.) had m.p. 172-173° and 
[o]^-{-32°, this value remaining constant in 
alkaline solution. 5:o-DietJiylhydantoin, m.p. 
166°; 5:5-dipropylliydanioin, m.p. 199° (Errera, 

l. c. ; Blitz and Slotta, l.c. ; Rinkes, l-c.). o- 

Meihyl-5-phenylhydantoin has m.p. .197 ; a- 
ethyl-5-phenylhydantoin (“ nirrauol ”) m.p. 19 < 
and its sodium salt are hyqjnotics ; it is tastelcs? 
hut the sodium salt has a bitter taste (Wemeckc. 
Deut. med. Woch. 1916, 42, 1193; Piotrowski. 
Chem. Zentr. 1916, H, 1182; from 31iincli. 
med. Woch. 63, 1512; and Earbw. vorm- 

ileister, Lucius and Briining, Sm'ss P. 7:.o6I}, 
it has been resolved by means of brucine m 
absolute alcohol : d-5:o-etkylphenylhydantoin, ni.p- 
237°, Wd -M23°(in alcohol), -1-169° (in alkahL 
the l-isomer has m.p. 235-237°, [ajj, 
(alcohol), -167° (alkali) (Sobotka, Hobnwn 
and Kahn, J. Amer. Chem. Soc. 1932, 
o-Propyl-5-phenylhydanioin, m.p. 170° (Farba. 
vorm. Meister, Lucius and Briining, Swiss 1 - 
74189 ; 79190), 5 -melhyl- 5 -P-phenyldhylhydnntoiri 

m. p. 180°, and o-elhyl-o-p-phenylcihylliydantooi 

also have hj-pnotic properties. For the prepar- 
tion of other soporifics of this group, 
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Chemische Fabrik von F. Heyden/G.P. 309508, 
310426 ; S^Viss P. 174461. 5-Methyl-5-henzyl- 
liydantoin ha.’i m.p. 226°; 5‘.5-dibenzylhydan(oin 
TQ.p. 305° (decomp.) ; 5-phenyl-5-benzylhydan- 
ioin, m.p. 210° (Slotta, Behnisch and Szyszka, 

I. C.). 

The action of sodium hypochlorite and free 
hj^pochlorous acid on 5;5-disubstituted hydan- 
toins yields the l:3-d*c7iZoro-derivative, 

xNCl— CRR' 
oc/ I 
\NCI— CO 

These compounds can be crystallised from chloro- 
form, but are decomposed by water, alcohol or 
hydriodic acid regenerating the original hydan- 
toin (Biltz and Behrens, Ber. 1910, 43, 1984). 

l-.3-DicJdoro-5:5-diphe7iylIiydantoin has m.p. 
164° (decomp.) and yields l:3-dimethyl-5:5- 
dipJienylhydantoin when treated with methyl 
sulphate. 

Hydanloin-l-acetic acid, 

NH— CO. 

I )NCH2-C02H 

CO—CH/ 

The ethyl ester condenses with anisaldehyde 
giving ethyl S-anisalhydanlom-l-acetaie which 
crystallises with 1 mol. of alcohol, m.p. 215-216°. 
Digestion of the ester with sodium methoxide 
and methyl iodide yields ethyl 3-methylhydantoin- 
1-acetate, m.p. 91-92° (Renfrew and Johnson, 

J. Amer. Chem. Soc. 1929, 51, 1784). 6- 
Benzylhydantoin-l-acetic acid is a polypeptide 
hydantoin derived from phenylalanineglycine, 
has m.p. 184-185° and crystallises in flat prisms 
or rhombic plates (Johnson and Bates, ibid. 
1916, 38, 1087). 

II y dan toin-3 -acetic acid, obtained by reflux- 
ing ureido-bismalonic ester 

C0[NH-CH(C02Et)2]2 

■with 10% hydrochloric acid, has m.p, 196° 
(Cerchez, Bull, Soc. chim, 1931, [iv], 49, 52 ) ; 
amide, m.p. 225-226° ; anilide, m.p. 215° ; 
methylamide, m.p. 223°, benzylamide, m.p. 209- 
210°. A number of esters of hydantoin-3- 
acetic acid have been described: methyl, m.p. 
91°; propyl, m.p. 116°; butyl, m.p. 95°; sec- 
butyl, m.p. 142°; isobutyl, m.p. 124°; isoamyl, 
m.p. 104° ; oyclohexyl, m.p. 184° ; phenyl, 
m.p. 205-206°; benzyl, m.p. 142°; cholesteryl, 
m.p. 304—305° (Loequin and Cerchez, Compt. 
rend. 1929, 188, 177; Cerchez, Bull. Soc. chim. 
1931, [iv], 49, 600, 602; Loequin, Cerchez and 
Policard, ibid. 695 ; Policard, ibid. 607). 
Hydrolysis of hydantoin-3-acetic acid gives 
carbonylbisglycine (Wessely and Komm, Z. 
physiol. Chem. 1928, 174, 306). 

Hydantoin-S-acetic acid, m.p. 213-214°, is 
obtained together with its ureide, 

CO— NH 

i >CH-CHo-CO-NH-CO-NH2, 

NH— CO/ 

m.p. 273-274°, by condensation of ethy]maleaf;e 


or fumarate with urea in the presence of sodium 
and alcohol at 75° (Jerzmanowska-SienkieAvjc- 
zowa, Rocz. Chem. 1935, 15, 202, 510 ; Amor. 
Chem. Abstr. 1936, 30, 2925). 5-Methylhydan- 
toin-5-acctic acid has m.p. 214-215°. The ethyl 
ester, obtained by the method of Bergs from 
acetoacetic ester, has m.p. 138° and gives an 
amide, m.p, 252° (decomp.) and hydrazide, m.p. 
104—105° ; hydrolysis with potassium hydroxide 
yields homoaspartic acid, m.p. 233° (decomp.) 
(Pfeiffer and Heinrich, J. pr. Chem. 1936, [ii], 
146, 105). Hydanioin-5-propionic. acid has m.p. 
165°; hydantoin-5-^-bromopropionic acid, m.p. 
228-230°; A^-hydanioin-^-propionic acid, m.p. 
222-223° ; hydantoin-S-^-chloropropionic acid, 
forms rectangular plates; liydantoin-5-nciylic 
acid m.p. 256-258° (Dakin, Biochem, J. 1919, 
13, 398). For other derivatives of hydantoin 
see West, J. Biol. Chem. 1918, 34, 187. 

Thiohydantoins .—2-Thiohydantoin, 



NH— CO 
NH— CH 


2 


M’as obtained by Klason (Chem.-Ztg. 1890, 14, 
Rep. 200). It may be obtained quantitatively 
by hydrolysis Avith hydrochloric acid of 2-thio-l- 
acetylhydantoin or of 2-thio-l-benzoyl-hydan- 
toin (produced respectively by the action of 
potassium thiocyanate on glycine or on hippuric 
acid in the presence of acetic anhydride). 
Optically active derivatives may be obtained 
from optically active a-aminoaci^ by treatment 
with acetic anhydride and ammonium thio- 
cyanate ; if the thiocyanate is added after an 
interval, the thiohydantoin is racemised (Csonka 
and Nicolet, J. Biol, Chem. 1932, 99, 213). It 
crystallises in yelloAv prisms, m.p. 227-228° 
(decomp.). It is stable and yields stable 
sodium and potassium salts (Johnson and 
Nicolet, J. Amer. Chem. Soc. 1911, 33, 1973; 
1913, 35, 780). 5-Methylthiohydantoin is a 
catalyst for the decomposition of sodium azide 
with iodine (Friedmann, J. pr. Chem. 1936, [ii], 
146, 179). 2-Thio-^-p-tolylhydantoin, m.p. 228°, 
is converted into Z-p-tolylhydantoin on heating 
with an aqueous solution of chloroacetic acid 
(Johnson, Pfaw and Hodge, J. Amer. Chem. 
Soc. 1912, 34, 1045). 2-Thio-5-o-hydroxybenzyl- 
hydantoin, m.p. 107°, is readily desulphurised in 
the same Avay, yielding 5-q-hydroxybenzyl- 
hydantoin. 5:5-Dimethyl-3-o-tolyl-2-thiohydan- 
toin, m.p. 195’5°, is prepared from o-tolyl 
mustard oil and potassium aminoisobutyrate 
(Bailey and McPherson, J. Amer. Chem. Soc. 
1916, 88, 2525). 

2-Thiohydantoin-5-propionic acid has m.p. 165° 
(Johnson and Guest, Amer. Chem. J. 1912, 47, 
242). 

The benzal derivatives of thiohydantoin are 
dyes for avooI, silk and cotton, giving yellow, 
orange and red tints. 5-Benzal-2-thiohydantoin, 
microscopic needles, m.p. 259° (Johnson and 
Nicolet, J. Amer. Chem. Soc. 1912, 34, 1048; 
cf. also Ruliemann and Stapleton, J.C.S. 1900, 
77, 246) ; acetyl derivative, m.p. 260°. 5- Vanillal- 
2-thiohydantoin, m.p. 240°, diacelyl derivative, 
m.p. 261°; 5-cinnamal-2-thiohydantom, m.p. 
260°, acetyl derivative, m.p. 267° ; 5-p-hydrhry- 
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benzul-2-tliioliydmloin, m.p. 305° (Boyd and 
Robson, Biocbem. J. 1935, 29, o42; Ramjoshi 
and Dutt, J. Indian Chem. Soc. 1931, 8, 241 ; 
Johnson and Brantlecht, J. Biol. Chem. 1912, 
12, 184) ; 5-{8''A’-diacetoxyienzal)-2-ihiohydan- 
loin, m.p. 224-225° ; a-^Z'-melTioxyA'-acetoxy- 
benml)-2-thiohydanioin, m.p. 246-247° (Deulofeu 
and Mendivelzna, Z. physiol. Chem. 1933, 219, 
233). 

1- Aceiyl-2-lhiohydanfoin ciystallises from ab- 
solute alcohol in beautifol square tables ; it 
melts at 175-^176° to a clear oil Trithout effer- 
vescence. l-Acetyl-5-methyl-2-thiohydanioin pre- 
pared by the action of potassium thiocyanate on 
d-alanine, in the presence of acetic anhydride, 
crystallises in stout prisms, m.p. 161-162°, [a]|P 
-f 118-5° and the dZ-form, m.p. 168-169° (Csonka 
and Xicolet, Z.c. ; Johnson and Ricolet, J. Amer. 
Chem. Soc. 1911, 33, 1975; 1912, 34, 1041; 
1913, 35, 1130 ; Amer. Chem. J. 1913, 49, 200 ; 
J. Biol. Chem. 1912, 11, 98). 

2- Thiohydantoin reacts vith aromatic alde- 
hydes and acetic anhydride giving acetyl aryli- 
dene derivatives, the acetyl group being situated 
on the enolic form of the CO group (Xamjoshi 
and Dutt, Z.c.). 

4-Tliiohydanfoin is formed by the condensation 
of carbethoxyaminothioacetamide in presence 
of alkali 

EtO-OC-NH-CHa-CS-NHa 

/NH— CS 
CO/ 1 

\NH— CHg 

It ciystaUises from hot water in spear-shaped 
twinned erj'stals and graduaUj' decomposes 
above 200°; it hydrolyses with hydrochloric 
acid, yielding hydantoin and hydrogen sulphide 
(Johnson and Chemoff, J. Amer. Chem. Soc. 
1912. 34. 1208). 

M. A. W. 

HYDNOCARPIC ACID {v. Vol. II, o21b). 

HYDNOCARPUS OIL (u. Vol. U, 521(Z). 

" HYDRALDITE ” (v. Vol. V, 320c). 

“ HYDRAMIN.” Trade name for a com- 
bination of ^-phenylenediamine and quinol. 
The same name has more recently been apph'ed 
to a textile assistant (Krais, Llonatschr. Texfcil- 
Tnd. 1934, 49, 138). 

H YDRARG I LLITE (r. Vol. V, 532a). 

HYDRARGYROL” Trade name for the 
mercury salt of phenol -p-sulphonic acid, 

(CeH4(0H)S03)2Hg, 

stated to be a useful non-corrosive antiseptic. 
“ Asterol *’ is its more stable addition compound 
with ammonium tartrate. 

HYDRASTINE, CgxHoiOgN. An alkaloid 
occurring together with berbeiine and canadine 
in the root of “ Goiden Seal,'’ Hydrants cana- 
derms Linn., to the e:^ent of about 1-5%. 

Its preparation and physical properties are 
described by Durand, Amer. J. Pharm. 1851, 
23, 112; Perrins, Pharrm J. 1861—1862, [iil. 3. 
r,4G; 3>rahla, Amer. J. Sc4. 1862, [ii], 36, 57; 
Power, Pharm. J. 1884-lflS5, pii], 15, 297; 
Eijkman, Bee. trav. cliim. 1886, 5, 290 ; Preund 


and Wm, Ber.-1886, 19, 2797; 1887, 20, 88- 
Schmidt and Wilhelni, Arch. Pharm. 1888, 226* 
329; and Elsa Schmidt (Amer. J. Pharm ’lOlo’ 
91,270). ‘ ’ 


Preparation . — ^Hydrastine may be isolated 
from the sulphuric acid mother-hquor from 
which the berberme salt has crystallised {m 
Beebeeixe) . This is largely 'diluted with water, 
and almost neutralised with ammonia. On 
evaporation, ammonium sulphate, resin, etc., 
are filtered off, and the hydrastine precipitated 
from the cold filtrate by ammonia. The coloured 
precipitate is dissolved in alcohol (Perrins, 
Power), or ethyl acetate (Schmidt and Wilhelm), 
and the colouring matter removed by digestion 
with animal charcoal; the alkaloid erj'stallises 
from the concentrated solution. Purification of 
the hydrastine is effected by repeated ciystal- 
hsation from alcohol. 

Some authors prefer to extract hydrastine 
from the root before berberine, thus, according 
to Preund and WiU, hydrastine is most readily 
obtained by percolating finely powdered hy- 
drastis root with ether, and crystallising the 
ethereal residue from alcohol Elsa Schmidt 
employs a similar method, using benzene as the 
solvent. 

Properties. — Colourless, rhombic prisms, m.p. 
132°. Insoluble in water, readily soluble in 
chloroform or benzene ; less readily so in ether 
or alcohol; [a]x) in chloroform, —67-8° (Freund 
and Will) ; in chloroform, —63-8° ; in di^' 
alcohol, —49-8°; in 50% alcohol, -1115° (Carr 
and Pveynolds, J.O.S. 1910, 97, 1334). The 
ordinary salts of hydrastine are soluble in water, 
giving dextrorotatory solutions, but do not 
crystallise well (cf. Schmidt and Kerstein, Arch. 
Pharm. 1890, 228, 49). Hydrastine and its 
hydrochloride, a hygroscopic powder, were 
official in the United States Pharmacopoeia 1916, 
but have been dropped from the United States 
Pharmacopoeia 1936; they are chiefly employed 
for the arrest of uterine hsemorrhage in doses of 
^ to ^ grain. Hydrastine is poisonous in larger 
doses. 

Detection and estimation . — ^The most^ cha- 
racteristic colour reaction of hydrastine is the 
production of a fluorescent solution (due to the 
formation of hydrastinine) by the addition of 
permanganate to an aqueous solution of ds 
sulphate (cf. Lyons, Pharm. J. 1885-86, [ui], 
16, 880). For other colour reactions of hydras- 
tine, see Power, ibid. 188.5-86, [iii], 16, 1092; 
Labat, Bull. Soc. chim. 1909, [iv], 5, 742, 745. 
The assay of hydrastis rhizome prescribed in the 
United States Pharmacopoeia 1916 consists in 
the gravimetric estimation of the ether-soluble 
alkaloids, which .should amount to not less than 
2-5%. For other methods of assay, see Gordm 
and Prescott, Arch. Pharm. 1899, 237, 439, 
1901, 239, 638; van der Haar, Pharm. Week- 
blad. 1911. 48, 1302. 

Constitution . — ^The oxidation of h3’drastine by 
nitric acid yields opianic acid and hydrastinine. 


C.,lH,l06N+H20-^0=CloHxo05-f-CllHJ303N 

Hvf]ra=tine. Opianic acid. Hydrastinine. 


The determination of its constitution is 
bound up with that of these fission-products 
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and is due mainly to the researches of Freund 
and Roser. The work, which has been reviewed 
by Freund (Annalen, 1892, 271, 311), leads to 
the following constitutional formulse : 

OMe 



CH 



Hydrastlne. 


CH 



CHa 


NMe-OH 

CH^ 


Hydrastinine. 


The complete synthesis of natimal hydrastine 
has not been effected so far. Hope, Pyman, 
Remfry, and- Robinson (J.C.S. 1931, 230) have 
described the synthesis of two optically inactive 
stereoisomerides of hydrastine but they have 
not yet been resolved. The mixture of nitro- 
hydrastines obtained by the interaction of 
hydrastinine with nitromeconine was reduced to 
a mixture of two aminohydrastines. These 
were separated, and the amino-group was re- 
placed by hydrogen by way of the hydrazino- 
hydrastines, yielding S.-hydrasliiie-a, m.p. 137°, 
and dl-hydrastine-b, m.p. 160-151°. The former 
was also obtained by the racemisation of natural 
l-hji’drastine by means of aqueous alcohol under 
pressure (Marshall, P 3 'man and Robinson, J.C.R. 
1934, 1315). 

Hydrastinine, Ci^HigOjN, is prepared by 
the oxidation of hj^drastine (Freund and WiU, 
Ber. 1887, 20, 88), and has been synthesised by 
Fritzsch (Annalen, 1895, 286, 18) ; Decker 
(G.P. .234850, 1910) ; Rosenmund (Ber. deut. 
pharm. Ges. 1919, 29, 200). 

It may also be prepared from berberine 
(Freund, G.P. 241136, 19101, cotarninc (Pyman 
and Remfrj’-, J.C.S. 1912, 101, 1595 ; see also 
Toptschiev, J. Appl. Chem. U.S.S.R., 1933, 6, 
529) or safrole (Kindler and Peschke, Arch. 
Pharm. 1932", 270, 353). Like berberine (?.*>.), 
the free base occurs in two isomeric forms, in 
aqueous solution as the quaternary hydroxide 
shown above, and in the solid state as the 
carbinolamine. 


C7H4O 


/ 


CH(OH)-NMe 

CHj CHj 


(cf. Bobbie and Tinkler, J.C.S. 1904, 85, 100.5). 

It melts at 110-117°, ciystalli.ses from light 
petroleum, and is easily soluble in alcohol or 
other, hut sparfiigiy so in water. 


The hydrochloride, properly hj'drastininium 
chloride, CuH^gOgNCl, like hydrastine and its 
hydrochloride, is not official in the United States 
Pharmacopoeia 1936. It melts and decom- 
poses at 210°, and is easily soluble in water, 
giving a neutral solution showing a blue 
fluorescence. It gives no turbidity with am- 
monia, but sodium hydroxide causes a milky 
turbidy which disappears on shaking, and, on 
keeping, the solution deposits free hydrastinine. 

Canadine, occurs with crude 

hydrastine (see above), from which it may be 
isolated by fractional crystallisation of the 
nitrates, the canadine salt being less soluble. 
Silky needles, m.p. 132'5°, [qJd —298° in chloro- 
form (Schmidt, Arch. Pharm. 1894, [iii], 232, 
136). On oxidation with iodine it is con- 
verted into berberine. By fractional crystallisa- 
tion of tetrah)'clroberberine (Z-bromocamphorsul- 
phonate, Gadamer (ibid. 1901, 239, 648)' isolated 
a Isevorotatory base identical with canadine, 
which is therefore i-tetrahydroberberine. Jowett 
and Pyman have found \-a-canadine metho- 
chloride in Xanthoxylum brachyacantJium (J.C.S. 
1913, 103, 293) (cf. Spath and Julian, Ber. 1931, 
64 [B], 1311 ; Bersch and Seupert, ibid. 1937, 
70 [B], 1121). 

F. L. P. 

HYDRATION OF IONS.— From the 
early days of the theory of electrolytic dis- 
sociation, it has been recognised that the ions 
of salts might be hydrated (or in general 
solvated) by attachment to solvent molecules, 
but it is only fairly recently that any quantita- 
tive results in this field have been obtained. 
With the hydrogen ion, the free proton H* is 
linked with 1 mol. of water to form the hydroxo- 
nium ion HgO*, which is generally called the 
“ hydrogen ion.” In other solvents similar 
ions, e.g. (CgHg-OHlH* are probably formed. 
In some other cases also solvent molecules are 
thought to be attached by co-ordinate links to 
the solute ions. 

Several methods have been used for the study 
of hydration of ions : 

(1) Absorption spectra. 

(2) Conductivity and viscosity measurements. 

(3) Distribution ratios and the solubility of 

gases in salt solutions. 

(4) Transport measurements. 

(5) Application of Stokes’s law. 

(6) Energy changes in solvation of ions. 

H. C. Jones in 1907-15 obtained evidence for 
the hydration of ions from absorption spectra 
of aqueous solutions of electrolytes. He found 
that certain salt solutions have a smaller 
capacity for absorbing radiation than pure 
water, and concluded that water was combined 
with solute ions, and that such water has a 
smaller capacity for absorbing radiation than 
freewater. NH4CI, NH4NO3 and KCI solu- 
tions showed little difference from pure water in 
this respect. If a salt was dissolved in a mixture 
of tAvo solvents, tAVO absorption spectra were 
found, and on changing the composition of the 
Solvent, the absorption spectra changed corre- 
spondingly in intensity, showing that the solvent 
rnolecufos Avere in some Avay combined Avith 
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solute ions. If calcium chloride or aluminium 
chloride was added to a solution of cobalt 
chloride, the effect on the absorption spectrum 
Avas the same as if the solution had been con- 
centrated. Hence it was assumed that the 
calcium cliloride had taken some of the water 
molecules, and decreased the amount of “ free 
water for dissolving the cobalt chloride (Jones, 
Z. Elektrochem. 1914, 20, 552; Carnegie Inst. 
Pub., No. 60, 1907). 

From his conductivity mea.surements Kohl- 
rausch concluded that the ions were surrounded 
by atmospheres of water molecules, and that the 
electrolj'tic resistance was due to friction, which 
increased with the size of the ion atmosphere. 
In the case of highly hydrated ions the friction 
becomes almost the same as that between pure 
water molecules. Jones obtained further evi- 
dences of solvation from conductivity and 
viscosity measurements hy working wth mixed 
solvents, such as glycerin and water con- 
taining LiBr. The results were mainly quali- 
tative. 

Distribution experiments have been used as a 
means of determining the degree of hydration of 
ions icf. J. 0. Philip, J.C.S. 1907, 91, 711). 
The method depends on the assumption that if 
the ions are combined with water the amount 
of “ free ” water in the solution which is avail- 
able for dissolving another substance, is reduced. 
The distribution of a substance between a non- 
aqueous solvent and a salt solution was studied, 
and assuming that the solubility in “ free ” 
water is the same as in pure water, the following 
results were obtained for molecular hydration : 
NajSO^, 28-5; HCI, 4-4; NaOH, 20-5; 
LiCI, 8. Sugden {ibid. 1926, 174) used acetic 
acid distributed between amyl alcohol and salt 
solutions, and found that in many cases the 
degree of hydration is independent of tempera- 
ture. H. A. Taylor (J. Ph 5 " 8 ical Chem. 1925, 29, 
995) determined the partition ratio of hydrogen 
chloride between benzene and salt solutions and 
came to the conclusion that aqueous solutions 
behaved like pure water, and that there was no 
difference between “ free ” and combined w.ater. 
These measurements are primarily concerned 
with the activity of the solvent in various salt 
solutions and are not necessarily to be inter- 
preted as a result of hydration. 

A similar method used by Phih’p (J.C.S. 1907, 
91, 711) depended on the difference between the 
solubility of a sparingly soluble gas in a salt 
solution and pure w^ater. In .some cases the 
absorption of the' gas was found to be practiraUy 
independent of the salt concentration, but where 
this was not so, hydration was assumed to have 
occurred, and the degree of hydration was cal- 
culated from the decrease in abso^tion. 

Hiifner (Z. physikal. Chem. 1907, 57, 611) 
measmed the decrease in solubility of nitrogen 
and hydrogen in solutions of organic substances, 
Ta axabinose, and found that the decrease was 
proportional to the weight of 
solution By this method Pbihp calculated the 
TySL JkC\ as 8-11, NaCi as 14-16 and 

^When determining Hittorf transport oo™b^ 

(this Vol., p. 2.37d) it IS 

ions move and that the water is not translerred. 


How'ever, it was shown by Nemst in 1900 tha 
the ions carry water with them, and that in 
concentrated solutions this effect is quite 
appreciable. He added an indifferent substance 
such as rafiinose to the electrolyte solution and 
determined the concentration of the raffinose 
in the anolyte before and after electrolysis. 
If the electrolyte ions were unhydrated there 
W'ould have been no change in the distribution 
of the raffinose throughout the solution, but a 
definite change round the anode was found. 
The results were not very conclusive, but with 
improved experimental technique later workers 
were able to calculate the relative hydration of 
the ions. Washburn (J. Amer. Chem. Soc. 1909, 
31, 322), using a similar method to that of Nemst, 
determined the water so transferred,' and cal- 
culated the true transport numbers and 
from the Hittorf values nf and n^. If 
A Njo g.-mol. of -water are transferred per faraday, 
F, to the cathode, and the solution contains 
equivalents of solute to Ny) equivalents of water, 
the solute corresponding to ANio of -water is 

— rw — -• Too little solute by this amount -will 
be found in the cathode compartment. 

. . . ( 1 ) 


. ( 2 ) 

In very dilute solutions 






w 


® Niff 


Table I. — ^True and Apparent Cation Trans- 
port Numbers at 25°o. in T25n Solution, 
as Determlned by Washburn. 






. 



- 

HCI. 

LiCI. 

NaCI. 

KCI. 

CsCl. 

af . . 

0-820 

0-278 

0-366 

0-482 

0-485 

. . 

0-844 

0-304 

0-383 

0-495 

0-491 

AN,« . . 

0-24 ' 

2-5 

0-76 

0-60 

0-53 


Since A Ny, is the net transfer of water, 

ANy,=iOcr^-Wan1 ... (3) 

where Wa and Wc are the amounts of water 
carried by the anion and cation respectively. 

A N.„ . . 

Hence from (3) Wc= — 5 ^ -j ’ and it is 

no . . 

possible to calculate the relative hydration 01 
the ions. If it is assumed that the hydrogen ion 
has 1 mol. of water, then the numbers of mole- 
cules of water associated with other ions are 
Li'=14, Na*=8-4, K-=5-4, Cs’=4-7. 

Table I shows the remarkable fact that the 
cation transport numbers of the alkali metal 
chlorides increase -udth increase of atomic weight, 
whereas it -w'ould be expected that the mobility 
of the unsolvated ions would decrease with rise 
of atomic -n^eight. Bredig in 1894 had suggested 
that the metal ions carried -ivith them water 
which increased their' size and thus slowed them 
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lithium carrj'ing the most ■water and 
cresium the least, and this vio-w is in accordance 
with the above results. 

Remy (Z. physikal. Chcm. 1926, 118, 161 ; 
Trans, Faraday Soc. 1927, 23, 381) measured the 
amount of Avater transported Avhen the inter- 
mediate liquid was gelatinised, and in later work 
a pardiment membrane Avas used. The change 
in A^olume of the liqm'ds round the electrodes Avas 
measured by the rise of the meniscus in capillary 
tubes. iUlowing for clectro-endosmosis, and 
assuming that the parchment did not affect the 
movement of the ions, he calculated the folloAV- 
ing results for hydration. If it is assumed that 
one water molecule is associated Avith the 
hjdrogen ion, the numbers associated Avith 
other ions are : K" 6, Na* S, Li" 14, Cl' 4. 

Baborovsky (Z. physilial. Chem. 1927, 129, 
129 ; 131, 129) carried out similar experiments 
but Avcighed and analysed the contents of the 
anode and cathode compartments. The results 
are as foUoAvs : — If one Avater molecule is as- 
sociated Avith H", then the numbers associated 
AA-ith other ions are: Li" 14, Na* 8-9, K" 5, 
Cl' 4, Br' 2, I' 2 in normal solutions, but the 
hydration increases markedly in more dilute 
solutions. 

The results of Washburn, Roiu}'^ and Baborov- 
skj' are in fair agreement, and those of WashburiA 
Avere confirmed by Taylor and SaAvjmr (J.C.S. 
1929, 2095) using urea ns the reference substance. 

Riesenfeld and Reinhold (Z. physikal. Chem. 
1909, 66, 672) stated that the true transport 
mimber is independent of concentration, all 
such changes being duo to hydration of ions. 

If ^=c, then cJiVfy from (1). If 

T 

is constant and the slope of the 

graph made by plotting nf against c is Z Nto- 
They combined this equation AA-ith the assump- 
tion that the Avater molecules form a shell 
round the ion, the volume of Avhich can bo cal- 
culated from Stokes’s laAA', Avhich states that 
F 

v=- where u is the A^elocity, r the radius of 

Grrl'r] 

the spherical ion, F the force moAung it, arid 
t] the viscosity of the medium. If the volume 
of the ion is negligible compared Avith that of 
the water envelope, the volume of the latter can 
bo fotmd. If ij, h ate the mobilities of ions of 


radii 


• Of 


then — 


r„ 




and if Ai,A„ are the 


ions, — In this Avay the foUoAving 


numbers of molecules of AA-ater attached to the 

A-alues were found at infinite dilution, assuming 
that the hydrogen ion is imhydrated : OH' 11, 
K* 22, Cl' 21, Br' 20, I' 20, NO3' 26, Ag" 37, 
CIO3' 37, ICd” 55, 4Cu” 56, Na’ 71, Li* 158. 
The A-alues seem unreasonably large, and the 
modern thcorj' of electrolytes indicates that the 
true transport number is not independent of 
concentration (Glasstone, “ Electrochemistrj’' of 
Solutions,” Methuen, 1937, p. 166). 

Remy ' (Z. physikal. Chem. 1915, 89, 629) 
assumed that certain large organic ions arc 


unliydrated, and from Kopp’s atomic volumes 
calculated the supposed volume of the un- 
liydrated hydrogen ion. By using Stokes’s 
law, he found that the difference in radius 
betAA'een the hydrated and unhydrated ion Avas 
usually equal to the diameter of a water mole- 
cule. This calculation, hoAvever, involves rather 
uncertain ionic radii. 

Ulich in 1926 took into account the volume of 
the ion and the compression of solvent molecules 
b}' electrostatic forces (electrostriction of the 
soh-ont). 

All calculations based on Stokes’s law give 
improbablj’- high results, and it is very doubtful 
if the simple laAV holds for spheres of ionic 
dimensions. 

A ncAV approach- has been opened by the stud.y 
of energy changes in the solution of gaseous 
ions (i.e. unsolvated ions assumed to bo in the 
gaseous state). W. M. Latimer (J. Amer. Chem. 
Soc. 1926, 48, 1234) calculated the energy of 
solution of gaseous ions in water, and obtained 
good agreement Avith the values AA-hich Born 
had found from a simple electrostatic expression 
for the energy change in bringing a charged 
sphere from a vacuum into a medium of dielectric 
constant D. Latimer found that the entropies 
of solution of gaseous ions Amry linearly with the 
radii, and hence it is apparent that the energy 
effects on the solution of gaseous ions are 
determined bj^ the size and charge of the ions. 
T. J. Webb (ibid. 1926, 48, 2589) calculated 
similarly the energy of solvation and the effect 
of electrostriction of the solvent. Fajans re- 
garded the heat of solution of salts as due to tAVO 
effects, (ft) the energy required to dissociate the 
salt into free gaseous ions, and (b) the heat 
evoRed Avhen these are dissohmd in Avater. Very 
high hydration values were obtained by this 
method of calcidation, e.ff. LiCI 187, NaCl 180-6. 

More recently Bernal and FoAvler (J. Chem. 
Physics, 1933, 1, 516) have derived expressions 
for the heat of hydration of ions, and their 
method is used ns the basis of most of the recent 
work in this field. 

The values of the hydration of ions obtained 
by different methods shoAV Amry poor agreement, 
and there is still no unanimity of opinion as to 
the exact relationship botAA-een the ions and 
solvent molecules. 

Physical solvation doubtlessly explains many 
cases of hydration. This assumes that there is 
an increased concentration of Avater molecules 
in the immediate vicinity of an ion, and that the 
water molecules are held by electrostatic forces. 
Water is polar, and the molecular dipole orients 
itself so that in the case of a cation the negatiA-o 
or oxygen of the dipole is attracted to the ion. 
In the case of an anion, the hydrogen of the 
Avator molecule is attracted. There may be an 
induced dipole in the solvent molecule due to 
the field of the ion, and in the case of a small ion 
Avith a largo charge, this induced dipole is 
large. Under the influence of an electromotive 
force the Avater molecules are dragged along 
with the ions. Born showed that the dipoles 
could bo held so strongly by small ions that they 
would lose all degrees of freedom. 

It is possible to obtain an expression for the 
electrical contribution to the heat of soh-ation of 
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ions, and if the force is purely electrostatic, this 
■tt ill be the total heat of solvation. The differ- 
ence between the heats of solvation in two 
solvents should be equivalent to the heat of 
transfer of the ion from one solvent to another. 
The agreement between e.vperiraental results 
and those calculated on the assumption of 
physical solvation is not good. It is generally 
considered that when the sequence of ionic 
velocities is independent of the solvent, the 
solvation is physical. 

Solvation can also be considered from the point 
of view of Werner's Co-ordination Theorj% If 
one atom or group .supplies both the electrons 
necessary to form a bond, the latter is known as 
a co-ordinate link, and the capacity of a group 
for co-ordination depends on its power of giving 
or accepting electrons. Six water molecules can 
co-ordinate with a metal ion to form a cation 
complex, and examples of such complexes are 
[CofHgOlg]^"^ (the anion being 2Br', 2Cr, 
21') or [CrfHgOlplClg and similar compounds 
with Ni, Zn, Cd, Fe«, Fe”i, Ca and A1 as 
nuclei. Copper sulphate pentahydrate has 4 
mol. of water co-ordinated with the cation 
and I mol. co-ordinated vith the anion as shown 
below : 


H. 

\ 

1 o- 

H 

H^- 

— O 


\ / 

\ / 

Cu 

O 

S 

\ 

\ 

/ 

> o- 

H 

H-- 

— o 


h/ 


It is seen that the anion and cation are bound 
together by co-ordination of an anion water 
molecule with two of the cation water molecules. 
3Iost cation water complexes arc known to exist 
in solution, but anion complexes are in most 
cases onl}' definitely known to be present in the 
solid state. Sidgwick, “ Electronic Theorj' of 
Valency,” Oxford University Pre.^^s, 1927, has 
considered solvation from the electronic point 
of view, and has emphasised the importance of 
the donor and acceptor properties of hydroxjdic 
solvents in forming co-ordinate link.s. This is 
shown by the structure of CuSO^.SHoO, in 
which it is seen that the oxygen atom of the 
O H group is capable of giving electrons, M'hilst 
the hydrogen atom can receive an electron. 
The solvation of ions increases the .size of the 
ion and reduces the likelihood of ion association, 
since the ion centres have to be a certain 
minimum distance apart for association to take 
place. It was found that the ions of lithium 
salts undergo association in nitromethane, 
although the solvent has a large dipole moment 
which would induce phj^sical solvation. It is 
thought that since nitromethane is a non- 
hydroxyh'c solvent, and can only coordinate 
with tiie cation, solvation is thereby reduced 
and ion association occurs. The velocity of 
the lithium ion is 3-36 times as fast in liquid 
ammonia as in water, whereas the silver ion 
is only 2-1.5 times as fast. It is probable that 
the silver ion tends to form a complex in 
ammonia, resulting in a reduction of the velocitj^ 
aud that the lithium ion has a great afSnity 


for water and undergoes hydration in aqueous 
solution, which diminishe.s the velocit 3 % This 
would explain the above observations on their 
relative velocities. 


The general view now taken is that in a few 
cases chemical combination probably occurs 
between the ion and solvent molecules, and that 
other solvent molecules can be held by electro- 
static forces. It is quite possible that in cases 
of physical solvation, a Grotthuss effect is 
produced in the electrolyte when the solute and 
solvent molecules have an atom or group in 
common. This implies a constant interchange 
of the common group or atom as the ion moves 
through the solution under the influence of an 
applied electromotive force. 

Bibliography. — H. S. Taylor, “Physical 
Chemistrj-,” Macmillan, 1930, Vol. I, p. 686; 
Glasstone, “ Electrochemistry of Solutions,” 
Methuen, 1937, p. 45; Annual Reports of the 
Chemical Society, 1926, p. 27, and 1930, p. 351. 
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HYDRATO-KANTEN-S and -y (v. Vol. I, 
163a). 

HYDRATOPEKTIN (r. Vol. Y, 162a). 

HYDRAZINES. The term “hydrazine” 
was first applied to the then unknown diamide, 
NHo-NH,, by E. Fischer, but is commonly 
understood to include those derivatives in which 
the hj’drogen atoms are replaced bj' other 
radicals. The reactions of such compounds 
divide them sliarph'' into (a) those still containing 
an NHo group and (b) those in which at least 
one of the hydrogen atoms of each amino group 
has been replaced. As all the compounds of 
any importance under (b) are hydrazo-com- 
pounds this account includes only those hydra- 


zines containing the grouping ^N-NHj 

bracing hv’drazine itself, mono- and unsym.-di- 
alkyl, -ar^'J, -acyl, and aralkyl hydrazines. 

Hydrazine, NgH^, was first obtained by 
Curtius (Ber. 1887, 20, 1032) in the foriM 
of its hydrate and its salts by hy’^drolj'sing 
azoacetic acid, (CH Ng-COgHlj. The formation 
of hydrazine from many other organic com- 
pounds has also been reported, but it was a 
considerable time before simpler preparations 
from inorganic materials were elaborated. Thus 
traces of hy-drazine are formed on exposing 
nitrogen and hydrogen to ultra-violet light, by 
passing a spark discharge through nitrogen- 
ammonia mixtures, by the direct oxidation of 
ammonia by cupric sulphate, by air alone 
(Raschig, Ber. 1907, 40, 4588), or in presence ot 
noble metals (Krauss, Z. phy'sikal. Chem. 1938, 


em- 


B, 39, 83) : 


ANHg-f 02=2H20+2N2H4. 


Hydrazine is also formed in small amount by 
fhe reduction with sodium amalgam of nitric 
oxide-potassium sulphite, K 2 S 03 - 2 N 0 (Duden, 
Ber. 1894, 27, 3498) prepared by the interaction 
of nitric oxide and potassium sulphite (Divers 
and Haga, J.C.S. 1896, 69, 1610). 

Hydrazine is most readily obtained, however, 
by’ oxidising ammom'a with sodium hypochlorite 
(Raschig. l.c. ; r,f. MoUer, Kong, dansk. Vidensk. 
Selsk. 1934, 12, No. 16) when chloramide initially 



HYDEAZINES. 


299 


formed reacts with excess of ammonia. The 
yield is remarkably dependent on the presence 
of glue or gelatin (see also Jojmer, J.C.S. 1923, 
123, 1114), an effect which has been attributed 
to the influence of the colloid on the "viscosity of 
the solution (dilution with a mobile solvent 
such as acetone exerts an unfavourable influence) 
or alternatively to the adsorbent j)roperties of 
the colloid (the action of other strong adsorbents 
such as charcoal, colloidal sihcic acid, etc., is in 
some measure comparable with that of glue). 
The base is conveniently isolated (preparation : 
Organic Syntheses, CoU. Vol. I, 1932, 302) as its 
sulphate, N 2 H 4 -H 2 S 04 , distillation of which 
with aqueous alkali yields hydrazine hydrate, 
N2H4,H20 (Curtius and Schultz, J. pr. Chem., 

, 1890, [ii], 42, 521), b.p. 119°. Its dehydration 
was achieved by de Bruyn (Rec. trav. chim. 
1894, 13, 433; 1895, 14, 83; 1896, 15, 174; 
1899, 18’, 297) using barium oxide (barium and 
sodium hydroxides, calcium oxide and sodamide 
have since been used) and yields anhydrous 
hydrazine as a corrosive liquid, b.p. 113-5°, m.p. 
+ 1-4°, fuming strongly in air. 

Pure hydrazine and its aqueous solutions are 
relatively stable but decompose rapidly in 
presence of aUrali and air to nitrogen and water. 
With stronger oxidising agents, c.g. hypo- 
chlorites, reaction is very vigorous with rapid 
evolution of nitrogen. 

Hj''drazine is basic in character and although 
the pure compound reduces sulphuric and other 
oxygen -containing acids, a range of compounds 
containing tetra- and hexa- valent sulphur, etc.^ 

. have been described. Hydrazine also forms 
metallic derivatives, thus excess of sodamide 
yields sodium hydrazine and an explosive zinc 
hydrazine has been described. Hydrazine is a 
good solvent for manj"- inorganic salts some of 
which, however, suffer reduction. 

Hydrazine condenses with carbonyl com- 
pounds to give azines which are often difficultly 
soluble compounds of high melting-point : 

2RR'C0-1-N2H4=RR''C:N-N;CRR'. 

Hydrazine is used only to a minor extent in 
technical practice, e.g. as an antioxidant (U.S.P. 
1973724) or in the application of azo-dyes (F.P. 
766957) but is a valuable laboratory reagent 
as a reducing agent and for the precipitation 
of metals. Thus it affords a sensitive micro- 
chemical test for zinc (Ray and Sirkar, Mikro- 
chem., Emich Festschr., 1930, 243) and may 
be used to separate aluminium and chromium 
(Maljarow, Chem. Zentr. 1930, II, 1408) ; iron 
from manganese (Jflek and Vicovsky, Coll. 
Czech. Chem. Comm. 1931, 3, 379) ; and to 
precipitate nickel, cobalt and cadmium in forms 
suitable for gravimetric estimation (Ray and 
Sirkar, J. Indian Chem. Soc. 1930, 7, 251). 

Hydrazine may be detected by its ability to 
reduce gold salts (Curtius and Schrader, J. pr. 
Chem. 1894, [ii], 50, 318) or by the red acid- 
sensitive coloration given with ferric chloride 
after oxidising with alkaline ethyl nitrite to 
hydrazoic acid. 

Semicarbazide, NH 2 -CO-NH-NH 2 , is pre- 
pared : ■ “ 

(1) By boiling hydrazine with (a) urea 
(Curtius and Heidenreicb, Bor. 1894, 27, 59), or 


(b) potassium cyanate (Biltz and Arnd, Annalen, 
1905, 339, 250 ; cf. Bouveault and Loequin, 
Bull. Soc. chim. 1905, [iii], 33, 163). 

(2) From nitrourea by reduction either with 
zinc dust (Thiele and Heuser, Annalen, 1895, 
288, 312) or electrolytically (Organic Syntheses, 
Coll. Vol. I, 1932, 472). The last method has 
the advantage of yielding the pure compoimd 
directly whilst in the older preparations it was 
necessary to convert it into a derivative (e.g. 
of acetone or benzaldehyde) from which the 
semicarbazide was regenerated. 

Semicarbazide forms prisms, m.p. 96°, but 
is usually employed as its more stable salts ^vith 
one equivalent of acid. It is used as reducing 
agent and both titrimetric (MaseUi, Gazzetta, 
1905, 35, i, 271) and gasometric (Datta, J. 
Amer. Chem. Soc. 1914, 36, 1014; 1916, 38, 
2737) estimations depend upon tliis property. 

Semicarbazide readily reacts with carbonyl 
compounds togivecharacteristicsemicarbazoneB : 

RR'CO-f NH2-NH-CO-NH2 

= RR'C:N-NH-C0-NH2+H20 

This reaction is usually carried out by mixing 
cold or warm solutions of a semicarbazide salt 
(hydrocliloride) and the carbonyl compound in 
water, -ivith alcohol if necessary, and buffering 
excess acidity with sodium acetate when the 
derivative crystallises out. Occasionally, if the 
solution is subjected to long heating, the product 
contains hydrazine dicarbondiamide. The re- 
action is normal for most carbonyl compounds 
though abnormal reactions as vdth chloral are 
sometimes encountered : 


CCl3-CHOq-NH2-NH'CO-NH2 


=CCl3-CH 


/ 

\ 


OH 

NH-NH-CO-NH 


2 


(Ifling, Compt. rend. 1909, 148, 569 ; Bull. Soc. 
chim. 1909, [iv], 5, 412), and a^S-unsaturated 
carbonyl compounds often yield semicarbazide- 
semicarbazones of the type (Rupe and Hinter- 
lach, Ber. 1907, 40, 4764) : 


\ I I 

^C— CHg— C:N-NH-C0-NH2 
NH-CO-NH-NHg 

Thiosemicarbazide, ■ NHg-NH-CS-NHg, 
m.p. 181-183°, is prepared by boihng hydrazine 
hydrate with aqueous potassium carbonate and 
thiocyanate (Freund and Schander, Ber. 1896, 
29, 2501). Thiosemicarbazones which are 
prepared similarly to the oxygenated com- 
pounds usually have low melting-points but are 
of value in that they give complex compounds 
with salts of heavy metals, particularly mercury 
(Neuberg and Neimann. ibid. 1902, 35, 2049 ; 
Jensen and Rancke-Madsen, Z. anorg. Chem. 
1930, 227, 25). -Thiosemicarbazide is a re- 
latively non-toxic antioxidant suitable for 
spraying dried fruits to prevent discoloration 
(U.S.P. 2088458) and for stabUismg adrenaline 
(U.S.P. 2047144). It exerts a specific influence 
on the quality of silver electroplating (Bgeherg 
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and Pxomisel, Trans. Electrocliem. Soc. 1938, 
74, Preprint 13) and acts as an anticorrosion 
assistant on iron or iron alloys (F.P. 652598). 
4-Phenylsemicarbazide, 


PhHN-CO-NH-NHa, 


m.p. 122°, is formed on boiling semicarbazones 
with aniline and then hydrolysing and separating 
the ketonic constituent (Borsche, Ber. 1905, 38, 
832), but is best prepared by heating phenylurea 
■«itli hydrazine hydrate (Organic Syntheses, 
Coll. Vol. I, 1932, 439). Phenylsemicarbazide 
is occasionally used as a ketone reagent (Braun 
and Steindorff, Ber. 1905, 38, 3097 ; Sah and 
Ma, J. Chinese Chem. Soc. 1934, 2, 32) giving 
derivatives which form complexes with heavy 
metals such as iron, cadmium, cobalt, etc. 
(Smith, J.C.S. 1937, 1354; Jensen and Rancke- 
Madsen, Z. anorg. Chem. 1936, 227, 25) ; it has 
also been incorporated in therapeutic prepara- 
tions (Svensk Farm. Tidskr. 1938, 42, No. 15, 
Suppl. 1). 

Benzhydrazide, o-, m- and p-nitrobenz- and 
other aryl Tiydrazides, obtained by heating the 
carboxj'hc amides or esters with hydrazine 
hj’^drate, give well-defined cr 3 ’'staUine aldehydic 
or ketonic derivatives which are sometimes more 
conveniently handled than the phenyl hj’^dra- 
zones (Curtius et al., J. pr. Chem. 1894, [ii], 50, 
275, 295; 1895, 51, [u], 165, 353). Like other 
hj’^drazides benzhydrazide undergoes chemilu- 
minescent oxidation by hypochlorite (Courtot 
and Bernanose, Compt. rend. 1937, 205, 989). 
Sah and his co -workers have prepared a large 
number of nitrobenzhydrazones (Sci. Rep. Nat. 
Tsing Hua Univ. Ser. A, 1934, 2, 357 ; Chen, 
J. Chinese Chem. Soc. 1935, 3, 251) some of 
which seem to be of distinct value, c.y. for the 
complete isolation of vanillin (Schorigin and 
Smoljaninova, A. 1935, 750; for microchemical 
use, see Griebel and Weiss, jlikrochem. 1927, 5, 
146). Aryl acid hydrazides are efficient oxida- 
tion-inhibitors (G.P. 504436). 

Einhom (Annalen, 1898, 300, 135 ; 1901, 317, 
190) has shown that hydroxj'^acyl hydrazones 
of the type ; 



/ 

\ 


R 

R' 


are formed particularly easily by aldehydes but 
much less readily by ketones and possess the 
property of dissolving in alkali and being pre- 
cipitated unchanged by acid. 

Semioxamazide, NHg-CO-CO-NH-NHg, 
m.p. 220-221°, prepared by boiling hydrazine 
with oxamethanein alcohol, is recommended as a 
reagent for aldehydes, e.gr. furfural and cinnamal- 
dehyde (Kerp and Unger, Ber. 1897, 30, 585). 

Phenylhydrazine, HgN-NHPh, is con- 
veniently prepared by reducing benzene di- 
azoniunx salts with stannous chloride (Hantzsch, 
ibid. 1898, 31, 346), zinc dust (Meyer and Lecco, 
ibid. 1883, 16, 2976), alkali sulphite (Fischer, 
ibid. 1875, 8, 590; Annalen, 1878, 190, 73; 
Organic Syntheses,. CoU. Vol. I, 1932, 432) or 
electrolyticaUy. (Fichter and Willi, Helv. Chim. 


Acta, 1934, 17, 1416). The manufacture by the 
reduction of nitrobenzene using lead oxides is 
the subject of patent claims (G.Pj 486598) 
and it is also produced by. the very remarkable 
action of fluoramine (NHoF) on aniline (FP 
735020). 

Phenylhydrazine has m.p. 19-6° (Fischer, Ber. 
1908, 41, 74), b.p. 24S-5°f760 mm. (corr.), 
1-0970 (Perkin, J.C.S. 1896, 69, 1209). It is 
very susceptible to oxidation and the hydro- 
chloride is usually used for the preparation of 
phenj'lhydrazones. It is weakly basic and forms 
mono-acid salts, although easily dissociable salts 
with two equivalents of inorganic acids have 
been described. The base and many of its 
derivatives are toxic. 

Phenylhydrazine may be detected by its colour 
reactions with sodium hypobromite (Delm and 
Scott, J. Amer. Chem. Soc. 1908, 30, 1422), 2:4- 
dinitrobenzaldehy^de (Sachs and Kemp, Ber. 
1902, 35, 1230) or formaldehyde and sodium 
nitrdprusside (Simon, Compt. rend. 1898, 126, 
483 ; Bull. Soc. chim. 1898, [iii], 19, 299). The 
oxalate crystallises well and provides a means 
of identification (Bamberger and Suzuki, Ber. 
1912, 45, 2752). More condusive is its character- 
isation as a phenylhydrazone (see Hydeazones). 
It is estimated by its reducing action on Febling’s 
solution (Strache, Monatsh. 1891, 12, 525; cf. 
Maclean, Biochem. J. 1913, 7, 611) or on arsenic 
acid (Causse, Compt. rend. 1897, 125, 712 ; Bull. 
Soc. chim. 1898, [iii], 19, 148). 

Phenylhydrazine is used in the laboratory to 
characterise carbonyl compounds, as phenyl- 
hydrazones and sugars as osazones (raecbanism : 
Kenner and Knight, Ber. 1936, 69 [B], 341) and 
as an analytical reagent, e.g. for molybdenum 
(see Schmidt, “ Anwendung der Ej'^drazine in der 
analytischen Chemie,” Stuttgart, 1907, p. 31), 
for aluminium in presence of iron (Ishimaru, 
Sci. Rep. Tohoku Imp. Univ. 1936, I, 25, 780), 
for mercury (Miller, Chem. -Analyst, 1938, 27, 9). 
In technical practice phenylhydrazine is the 
source of pyrazolone medicinals ('“ antipyrin, 

“ pyramidone ”), bactericidal azo-compounds 
(Jug.P. 13777) and of some azo dyes such as 
Eriochrome Red (U.S.P. 1856413). A.ttempts 
have also been made to put some of its den- 
vatives to therapeutic uses in the treatment of 
tuberculosis (review : Schnitzer, Z. angew. 
Chem. 1930, 43, 744). Phenylhydrazine is an 
efficient antioxidant (B.P. 312774) and an 
effective softener for natural and synthetic 
rubber (B.P. 488701) particularly when pro- 
tected by the presence of another antioxidant, 
and that it similarly improves ceUulosic matenals 
such as those intended for surgical use is claimed 
(Swiss P. 183210). 

Phenyl hydrazine-p-sulphonic acid, 


HaN-NH-CgH^-SOsH, 

m.p. 286°, is prepared by sulphonating phenyl 
hydrazine or reducing-^ diazotised sulphaiuhc 
acid. Its reactions are often abnormal as when 
it forms addition compounds with aromatic 
aldehydes and ketones (cf. however, its use m 
isolating the corpus luteum hormone, Swiss r. 
170618, and its reaction with sugars, B.P- 
340619). It nevertheless yields pyrazolones 
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with aliphatic diketones, and the yellow dyestuff 
tarlrazine with dihydroxytartaric acid, 

NaOjCC^N 

1 ^N-CgH^-SOgNa 


Na03S-H4Co-HN-N:C— CO 


(G.P. 34294 ; Swiss P. 119718) ; it is also the 
source of dipyrazolones (F.P. 44843) and nitro- 
colours (B.P. 409512). PhenylIiydrazine-^)-sul- 
phonic acid has been applied in the form of 
long-chain hydrazones (e.g. of lauric aldehyde) 
as a textile assistant (F.P. 756143). Its possible 
therapeutic action on malignant tumours has 
been investigated (Boyland, Biochem. J. 1938, 
32, 1207). 

^-Bromophenylhydrazine, 

HgN-NH-CeH^Br, 

m.p. 105-5°, prepared by brominating a phenyl 
_hydrazone and hydrolysing the product (Hum-, 
phreys, Bloom and Evans, J.G.S, 1923, 123, 
1708) or directly by brominating phenylhydra- 
zine and reducing the resulting bromodiazonium 
bromide (Michaelis, Ber. 1893, 26, 2190) is a 
useful reagent for carbonyl compounds and 
particularly for sugars (Neubcrg, ibid. 1899, 32, 
2395 ; Z. physiol. Chem. 1900, 29, 256 ; micro- 
chemical use, Feigl, J\Iikrochim. Acta, 1937, 1, 
127 ; Wagenaar, Pharm. Weekblad, 1934, 71, 
229). 

^?-Nitrophenyl hydrazine, 

H2N-NH-CoH4-N02, 

m.p. 157°. ^j-Nitraniline is diazotised, the 
diazonium salt reduced by alkali bisulphite and 
the resulting oyS-disulphonie acid hydrolysed by 
mineral acid (Bamberger and ICraus, Ber. 1896, 
29, 281 ; c/. G.P. 62004). The sparing solubility 
of p-nitrophenylhydrazones has been utilised in 
the estimation of aldehydes (Feinberg, J. Amer. 
Chem. Soc. 1927, 49, 105), and of acetone in urine 
- (Deliio, Z. anal. Chem. 1936, 104. 417); for 
chemical use, see Feigl (Mikrochim. Acta, 1937, 
1, 127). 

2;4-Dinitrophenylhydrazine, 


H2N-NH-CgH3(N02)2, 

m.p. 198°, is best obtained by the interaction of 
2;4-dinitro-ehloro- or -hromo- benzene with 
hydrazine in alcohohc solution. It yields an 
orange pigment, m.p. 298°, on heating with 
acetoacetanilide in alcohol (G.P. 269665) and 
is a valuable reagent for carbonyl groups (see 
Hydeazones) both for qualitative and quantita- 
tive purposes, e.g. for estimating furfural and 
camphor in galenical preparations (Hampshire 
and Page, Quart. J. Pharm. 1934, 7, 558). Its 
use according to the original method of Brady 
(J.C.S. 1931, 756) sometimes gives rise to hydra- 
zones of slightly varying melting-point, a 
phenomenon at one time ascribed to stereo- 
isomerism hut believed by Campbell (Analyst, 
1936, 61, 391) to be due to aldol condensation 
products. This worker re-examined the melting- 


points of dinitrophenylhydrazones of approxi- 
mately 100 aldehydes and ketones and recom- 
mends their preparation in isopropyl alcohol 
using hydrochloric acid. 

Methylphenylhydrazine, HaN-NMePh, 
b.p. 131°/35 mm., is best prepared by reducing 
N -nitrosomethylaniline with zinc dust (Fischer, 
Annalen, 1886, 236, 198) or eleetrolytically 
(Wells, Babcock and France, J. Amer. Chem. 
Soc. 1936, 58, 2630). This base is useful for 
identifying sugars in particular, the hydrazones 
or osazones being crystallised from glycerin 
(Wagenaar, Pharm. Weekblad, 1934, 71, 229). 
Methylphenylliydrazine heated with dihydroxy- 
naphthalenes, yields hydroxynaphtliocarba- 
zoles used as intermediates for azo colours 
(G.P. 548819). 

Diphenylhydrazine, HgN-NPhg, m.p. 44°, 
prepared by reducing N-nitrosodiphenylamine 
(Fischer, Annalen, 1878, 190, 175 ; Stahel, 
ibid. 1890, 258, 243), may be used to characterise 
simple aldehydes but is most valuable as a re- 
agent for reducing sugars with which it gives 
beautifully crystalline hydrazones. Its use as 
an antioxidant in gasoline and in petroleum 
cracking distillates has been claimed (U.S.P. 
1906044, 1793635). 

Benzylphenylhydrazine, 

HjN-NPh-CHjPh, 

b.p. 216-218°/38 mm., is prepared by the action 
of benzyl chloride on phenylhydrazine. When 
free from phenylhydrazine it reacts with 
sugars to give only hydrazones and not osa- 
zotios* 

)3-Naphthyl hydrazine, NH2-NH-CioH7(/3), 
m.p. 124-125°, is made by reducing j8-naphtbyl 
diazonium salts (Fischer, Annalen, 1886, 232, 
242) or by the action of hydrazine on ;8-naphthol 
in a sealed tube fFranzen, Ber. 190^ 38, 266). 
This hydrazine forms highly crystalline, very 
sparingly soluble hydrazones, particularly with 
Sugars, but it is remarkable that different pro- 
ducts, probably stereoisomerides, are obtained 
when they are prepared in acetic acid or alcoholic 
Solution (Hilger and Rothenfusser, Ber. 1902, 
35, 1841, 4444). Naphthocarbazoles may he 
obtained technically by heating naphthyl- 
hydrazine ■ivith hydroxynaphthalene carboxylic 
acids (U.S.P. 1948923). 

A number of new chloro- and bromo-nitro- 
phenylliydrazines and alkyl-aryl-hydrazines have 
been prepared by Maaskant (Rec. trav. chim. 
1937, 56, 211) by replacing halogen atoms in 
halogenonitrobenzenes by hydrazine, and repre- 
sentative hydrazones have also been described. 

A. H. C. 

HYDRAZOBENZENE, PhNH-NHPh, is 

prepared by reducing nitrobenzene in hot 
alcoholic solution with zinc dust or iron in 
presence of alcohol or solvent naphtha, and also 
by electrolysis. M.p. 126-127° (Darmstadter, 
G.P. 189312; Chem. Zentr. 1907, II, 2002; 
Ismailski and Kolpenski, ibid. 1933, II, 3049). 
Decomposes at the melting-point to give anihne 
and azobenzene. Hydrochloric acid converts it 
into benzidine. 

HYDRAZOIC ACID (v. Vol. I, 580a). 
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HYDRAZONES. Compounds obtained by 
ebminating water between carbonyl compounds 
and hydrazine or mono- or unsym.-disubstituted 
hydrazines ; 

RR'CO-fNH2-NR"R"' 

= RR'C:N-NR"R'"-f H2O 

Simple mono-carbonyl compounds react with 
hydrazine itself under mild conditions to give 
monohydrazones, or azines, R'RC:N-N:CRR', 
according to the proportion of base employed. 
On the other hand polycarbonyl compounds 
(e.g. benzil) usually afford polyhydrazones 
although 1:3- and l:4-diketone3 react with 
hydrazine itself to give pyrazoles and pyrazines 
respectively and ^-ketoesters react smoothly 
to give p3T’azolones (c/. Eusco and Justoni, 
Gazzetta, 1937, 67, 3), sometimes with inter- 
mediate formation of true hydrazones wliich can 
be isolated ; dihj'dropyrazoles (pjwazolines) are 
often obtained from a^-unsaturated carbonjd 
compounds in addition to unsaturated hydra- 
zones (Raiford and Peterson, J. Org. Chem. 1937, 


1, 544) : 

• 

i 

C NH 

1 

C N 

II 1 

^ \ 1 1 


An important technical application of such 
reactions is the interaction of ethyl acetoace- 
tate with phenyUiydrazine when the first-formed 
phenylhydrazone loses a molecule of alcohol to 
give (I), the N -methyl derivative of which is 
the drug “ antifynn." 

CO 

HC NPh 


MeC NH 

I. 

The substituted hydrazones of carbohydrates 
are readily oxidised by exeess of the hydrazine, 
an adjacent — CH-OH group being oxidised to 


a — CO group which condenses with the 
hydrazme to form a dihj^drazone or osazone : 

RCH(OH)-CHO RCH(OH)-CH:N-NHR' 

->RCO-CH:N-NHR' 

(A) 

or 

RC0-CH2-0H--^ RCON-NHRO-CHyOH 

-^RC(:N-NHR')CHO 

(B) 

(A) or (B) RC(:N-NHR')CH:N-NHR' 

Whilst the mono-hydrazones of sugars are 
appreciably soluble in water the osazones often 
cr^'stalhse well from water or very dilute acetic 
acid, and their characteristic crystalline forms 
serve as a ready means of identifying sugars 
microscopically {v. infra). 

All of these compounds are normally obtained 
by interaction of the components in cold or 
warm alcoholic, aqueous or weakly acid solution. 

Constitution . — ^Whilst hj^'drazones derived from 
bases N RR'-N can only have the constitution 
NRR'*N:CR"R'", a number of alternative 
structures have been proposed for the derivatives 
of primary hydrazines, N H R - N Hj, e.g. 

NHR-N:C/ NR:N-Ch/ 

II. ni. 

Although there is known to be a close connection 
between hydrazones (11) and azo-compoxmds 
(III) all normal hydrazones are believed to be 
of form (II). In other cases the problem is not 
easily decided. Thus manj’^ compounds which 
may be regarded as hydrazones are obtainable 
by the action of diazonium salts on phenols or 
compounds with reactive methylene groups. 
Hydrindene-l:3-dione gives a “ hydrazone 
w'hich is hydrolysed to ninhydrin (l:2:3-triketo- 
hydrindene) and jS-ketoesters exhibit similar 
reactions, usually with “ acid ” or “ ketonic 
hydrolysis (Japp and Khngemann, Ber. 1887, 
20, 2942, 3284, 3398; Annalen, 1888, 247, 190). 
So ethyl cycio-pentanone- and -hexanone-2- 
carboxjdates yield with phenylh5’'drazine, dione 
monophen3^1hydrazones or phenylhydrazones 01 
acyclic keto-acids according to the conditions 
(Linstead and Wang, J.C.S. 1937, 808 ; see also 
Dieckmann, Annalen, 1901, 317, 27 ; Lyons, 
J. Proc. Roy. Soc. New South Wales, 1932, 6b, 
516; Manske and Robinson, J.C.S. 1927, 240) • 


^CHg-CO 

CH2 

^CHg-CH 

COgEt 



^CHgCO 

CHg 

'^CHg-CH-NiNPh 

^CHa-COgH 

CH2 

'^CHg-CH-NrNPh 

COgEt 


.CH2CO 

I 


'\CH2-C:N-NHPh 


^CHg-COgH 

CH2 

\cH2-C:N-NHPh 

COgEt 


Among aromatic compounds the question of 
hydrazone ot'azo structure has given rise to 
discussion extending over many years. Zincke 


and Bindewald (Ber. 1884, 17, 3026) studied 

monophen3’’lhydrazone of a-naphtho quin one (Iv 1 

and observed that the same compound is oh- 
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tained from a-naplithol and benzene diazoiiium 
chloride and might be thought therefore to 
possess structure (V) : 

■ O 



= N-NHPh 


^ IV. 


OH 


-N:N-Ph 


V. 


In these instances the> configuration is rarely 
established with certainty as no general reaction 
is kno-wn to afford any distinction such as does 
the Beckmann rearrangement in the case of 
stereoisomeric oximes ; isomeric phenylacyla- 
mine hydrazones have been distinguished by the 
ability of one isomer to form cyclic condensation 
products with aldehydes 


Ar— C— CHa— NHR 
N— NHPh 


+ R'CHO 
Ar~C— CHg— NR 


Many similar instances among o- and p -hydroxy- 
azo-compounds have since been noted. The 
evidence in favour of one or the other form in 
these instances is conflicting and ranges, for 
example, from the formation by o-hydroxyazo- 
compounds of chelate bodies in support of the 
azo structure to their unwillingness to form 
alkali metal salts as would be anticipated from a 
hydrazone structure. The chemical evidence 
has been summarised by Auwers (Annalen,'1931, 
487, 79 ; 1933, 505, 283), who concludes on this 
basis that the p-compounds are azo bodies whilst 
their o- isomers behave as a-quinonoid derivatives. 
Kuhn (Naturwiss. 1932, 20, 622) had suggested a 
betaine structure, but his later spectroscopic 
evidence (Kuhn and Bar, Annalen, 1935, 516, 
143) indicates that the two forms are in equili- 
brium in solution, one or other form pre- 
dominating according to the solvent ; this inter- 
pretation, however, is not whoUy accepted by 
Burawoy (ibid. 1936, 521, 298 ; J.C.S. 1936, 36). 
(Bor a review of the spectrochemistry of 
hydrazones, see Bamart-Lucas, Bull. Soc. chim, 
1936, [v], 3, 723). 

Hydrazones of the form CRR':N-NR"R"', 
where R, R' are different, are theoretically 
capable of existing in two stereochemical modifi- 
cations according to the direction of the N-N 
linkage with respect to the double bond and a 
large number of isomers of this type are known 
(see Meisenheimer and Thielacher in Breuden- 
berg’s “ Stereochemie,” 1933, p. 1095 ) ; quite 
stable isomers of certain di- and tri-nitro- 
phenylhydrazones (e.g, of furfural) have been 
prepared (Bredereck and Britzsche, Ber. 1937, 
70 [B], 802) and Sempronj (Gazzetta, 1938, 68, 
263) starting with l:2-bromonaphthylmeth3d 
bromide prepared ethyl .a-acetyl-j3-(l-bromo-2- 
naphthyl) propionate, which on hydrolysis and 
treatment with benzene diazonium chloride gave 
two isomers of l-bromo-2-naphthyl-pyruvic acid 
phenyUiydrazone which must be regarded as 
stereoisomers as each gives rise to the same 
indole by the Bischer reaction : 



N— NPh— CHR' 

(Busch, Briedenberger and Tischbein, Ber. 1924, 
57 [B], 1785) and similar arguments have been 
advanced with reference to stannic chloride 
addition compounds of benzilosazones (Hieber 
and Sonnekalb, Annalen, 1927, 456, 86). The 
fact that no absorption in the infra-red spectra 
of o-hydroxyarylhydrazones can be traced to 
hydroxyl groups has suggested- that chelation 
normally exists. This can be so only, for 
example', in salicylaldehyde phenylhydrazone 
(VI), when the configuration of the aryl and 
— NHPh groups about the N linkage is Irans, 



O CH 

\ 

H — N-NHPh 
VI. 

and indeed if experience of azo compounds is 
a guide then this is the normal or more stable 
configuration of all hydrazones. 

Properties. — Hydrazones are usually well 
crystallised compounds, particularly when 
derived from arylhydrazines. On warming 
with mineral acid they are relatively smoothly 
hydrolysed to the parent carbonyl compounds, 
but regeneration is more conveniently effected 
by “ double decomposition ” using pyruvic 
acid : 

RjCrN-NHPh-i-CHs-CO-COaH 

R2C0-l-CH3-C(:N-NHPh)C02H 

(Bischer and Ach, ibid. 1889, 253, 57). Diffi- 
culties in regeneration, particularly of ketones, 
have been recently overcome by the use of 
tertiary ammonium acethydrazides, Girard’s 
Reagents (q.v.). 

Mild catalytic reduction of phenylhydrazones 
by hydrogen in presence of palladium affords 
substituted hydi'azines whilst more drastic 
reduction results in rupture of the N-N Bond 
with formation of a mixture of amines ; 

CHs-CHiN-NHCeHs 

-^CHa-CHa-NHg+CeHs-NHa 


N— NHPh 
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Oxidation of liydrazones witli iodine, amyl 
nitrite or mercuric oxide (Von Pechmann, Ber. 
1893, 26, 1045) jields tetrazanes (hydrotetra- 
zones). In some instances (Curtins, J. pr. Chem. 
1891, [ii], 44, 182, 200, 535), however, the pro- 
ducts do not contain 4 atoms of nitrogen but 
are true diazo-compoundS (Forster and Zimmerli, 
J.C.S. 1910, 97, 2156; Staudinger and Kupfer, 
Ber. 1911, 44, 2197), this providing a convenient 
method for their preparation. Thus benzo- 
phenonehydrazone and mercuric oxide yield 
diphenyldiazomethane, (€ 6 ^ 15)20 No (Stau- 
dinger, Anthes and Pfenninger, i5id."l916, 49, 
1932). 

3Iany hydrazones lose ammonia when treated 
with zinc chloride or often with hot dilute 
mineral acid to yield indoles (g.u.), although 
normal regeneration takes place in some in- 
stances and cold strong hydrochloric acid will 
normally hydrolj’-se osazones to the diketones. 

The imino hydrogen atom of phenj'lhydra- 
zones reacts with maleic anhydride with the 
formation of substituted maleiamido-acids ; in 
isolated instances these im'ght be of value as a 
further means of characterising the hydrazones 
(Parola, Gazzetta, 1935, 65, 624). 

Hydrazones may be oxidised by selenious acid 
into diazonium salts which may be detected in 
amounts as little as 0-04 fig. by conversion into 
azo-colours, the reaction therefore affords a 
sensitive test for hydrazones (Feigl, IVIikrochim. 
Acta, 1937, 1, 127). 

Aiylhydrazones of aliphatic aldehydes react 
with Grignard reagents; the addition com- 
pounds may be decomposed to give hydrazines 
and so provide a useftd source of substituted 
bases (Grammaticakis, Compt. rend. 1937, 204, 
1262) : 



N-NH 


N-NH 



SO,Na 


ySOgNa’ 


•iTn. 

The ^C=N linking in the hydrazones gives 

nse to considerable absorption of hgfif of 
A=3,500-3,700 a. and it has been proposed to 
utilise this property in more highly substituted 
hydrazones such as (IX) in the construction of 
ultra-violet light filters (U.S.P. 2129132). 

CHoCO-CCOoNa 

Ii 

N-NH-CgHg 

IX. 


R-CH:N-NHAr->RR'-CH-N(MgBr)-NHAr 

-^RR'-CH-NH-NHAr 

This last reaction is similar to the direct addition 
of HCN to hydrazones to form nitriles (c/. Miller 
and Plochl, Ber. 1892, 25, 2023). 


RoC:N-NHAr 


HCN 


R2C(CN)-NH-NHAr. 


Application . — ^Hydrazones have not found 
direct extensive industrial application, although 
the use, for example, of sulphonated atyl- 
hydrazones as a source of sulphonated indoles is 
the subject of patent claims (B.P. 340619). The 
derived pyrazolones are represented by some 
drugs (“ antipyrine ”) and by an important 
group of dyestuffs in which tartrazine {v. p. 30la) 
may be regarded as a hydrazone (v. Htdeazutes, 
this VoL, p. 298c). Isatin Yellow (VII), obtained 
by the action of phenylhydrazme-p-sulphonic 
acid on isatin (G.P. 40476), and Phenanthrene 
Bed (VTTT) from phenanthraquinone and 1- 
naphthylhydrazine-4-sulphonic acid (G.P. 40/45) 
are probably true hydrazones. 


CiN-NH-CsH^-SOa 


Na 


\ 

/ 


CO 


"NH 


vn. 


In the laboratory hydrazones, usually aryl 
compounds, provide a ready means of character- 
ising and, in some cases, of estimating carbonyl 
compounds. Phenylhydrazones are commonly 
employed, but p-nitro- and p-bromo-phenyl- 
hydrazones, j5-naphthyl-, methyl-phenyl-, and 
asym. diphenyl-hydrazones are also used. The 
2:4-dinitrophenylhydrazones crystallise well and 
are valuable (Brady et at.. Analyst, 1926, 51, 
77; J.C.S. 1929, 478; 1931, 756; Allen, J. 
Amer. Chem. Soc. 1930, 52, 2955) ; owing to the 
ease with which they are obtained in alcoholic 
sulphuric acid or hydrochloric acid solution and 
their relative insolubility, they can, in some 
instances, be isolated quantitatively (Iddles and 
Jackson, Ind. Eng. Chem. [Anal.], 1934, 6, 454). 
Instances have been recorded, e.g. the complex 
ketones tetracyclone, acecyclone, etc., where 
the commoner hydrazones are unobtainable but 
where 2:4-dinitrophenyIhydrazones have formed 
normally (Josten, Ber. 1938, 71 [B], 223(^. 
Xitroguanyl-hy’^drazones (Smith and Shoub, 
J. Amer. Chem. Soc. 1937, 59, 2077) and m-tolyl- 
(Sah and Tseu, Sci. Rep. Nat. Tsing Hua Umv. 
1936, 3, 403) have also been recommended tor 
this purpose. . . 

Some sugars can be identified by examine 
under the microscope the crystalline form of them 
osazones (u. supra) with phenyl-, tolyl- and otner 
hydrazines {see Sah and Tseu, ibid. 409 ; Fischer 

and Paulus, Arch. Pbarm. 1935, 273, 83). 

A. H. 

H YD R AZOTO L U EN ES, prepared by suit- 
able redaction of the corresponding nitro toluene. 
oo'-Hydrazotoluene, m.p. 156° (Rassow an 
Becker, J. pr. Chem. 1911, [ii], 84, 335; G. 
297019 ; U.S.P. 1225052). mm'-Hydrazotoluene 
is a yellow oil. pp'-Hydrazotoluene, m-p- 
134° (Rassow and Rulke, J. pr. Chem. 1902, [uj, 
65, 120, 108). 
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HYDRIDES. The hydrides, which include 
a number of the commonest inorganic com- 
pounds as well as some of those most difficult to 
prepare, may be classified as follows : — 

(a) Volatile hydrides. 

(b) Salt-like hydrides. 

(c) Solid hydrides of ill-defined composition, 

which are probably interstitial com- 
poimds (v. infra). 

{d) Certain other hydrides which cannot 
readily be included in classes (a)-(c). 

(d) Volatile Hydrides. — The most versatile 
hydride-forming element is carbon ; organic 
chemistry ma5'^ be regarded as the chemistry of 
carbon hydrides and their derivatives, which 
are, in general, to be assigned to the class 
of volatile hydrides. Other elements giving 
hydrides of this type are as follows : boron 
(VoL JJ, 40/7); silicDn; germanium (VoL V,. 
521d ) ; tin (Paneth ei al., Ber. 1919, 52 [B], 
2020) ; lead {idem, ibid. 1920, 53 [B], 1693) ; 
nitrogen {v. Ammonia, Hydbazine, Azoimide) ; 
phosphorus ; arsenic (Vol. I, 472d) ; antimony ; 
bismuth (Vol. I, 6996) ; oxygen («. Hydbogen 
Peeoxide) ; sulphur, selenium, tellurium, polo- 
nium ; fluorine (Vol. V, 218d), chlorine (Vol. Ill, 
69a), bromine (Vol. II, 117a), and iodine. It 
will be noted that formation of volatile hydrides 
is generally characteristic of non-metals, although 
a few metallic elements also give hydrides 
of this type. The linkings in volatile hydrides 
are usually covalent (v. Coobdination Com- 
pounds). 

(6) Salt-like Hydrides. — The known salt- 
like hydrides (viz. LiH, NaH, KH, RbH, 
CsH (Vol. II, 196c), CaHg (Vol. II, 205d), 
SrHg and BaHj) are white crystalline solids, 
generally ' prepared by heating the metal in 
hydrogen; for the preparation and properties 
of barium hydride, see Giintz, Compt. rend. 1901, 
132, 963 ; Dafert and Miklauz, Monatsh. 1913, 
34, 1685. These hydrides are probably similar 
in constitution to salts of the metals, since 
(i) the alkali-metal hydrides have crystal lattices 
similar to that of sodium chloride ; (ii) on 
electrolysis of the fused hydrides the metal is 
liberated at the cathode and hydrogen at the 
anode (Kasamowsky, Z. anorg. Chem. 1928, 170, 
311; Peters, ibid. 1923, 131, 140); (iii) the 
hydrides are exothermic and denser (cf. class (c)) 
than the parent metals (Sieverts and Gotta, 
ibid. 1928, 172, 1 ; Hagen and Sieverts, 1930, 
185, 239, 254; Proskumin and Kasamowsky, 
ibid. 1928, 170, 301). The salt-like hydrides 
react readily vuth water, affording hydrogen and 
the metallic hydroxide, e.g. 

NaH+H20 = Na0H-i-'H2. 

(c) Interstitial Hydrides. — Certain metals 
absorb relatively large quantities of hydrogen 
when heated in the gas and give ill-defined 
soUd “ h3ffirides,” the exact composition of 
which varies with the conditions of prepara- 
tion. .Typical products of this type may be 
represented by the folio-wing non-stoicheio- 
metric formulte, which merely serve to show the 
ratio between the numbers of metal and hydro- 
gen atoms in the crystal lattices of the solid 
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hydrides: LaH2.7G, CeHj.cg (given in Vol. II, 
508c, as “CeHa (?)”), PrHj.ss. 

TiHi.23, ThHg.Q^, VHq. 50, TaHQ.^g and 
PdHg.g (Hagen and Sieverts, ibid. 1929, 185, 
225 ; Sieverts and Gotta, ibid. 1928, 172, 1 ; 
1930, 187, 155; 1931, 199, 384; Z. Elektro- 
chem. 1926, 32, 105 ; Sieverts and Eoell, Z. 
anorg. Chem. 1926, 153, 289; Huber, Kirsch- 
feld and Sieverts, Ber. 1926, 59 [B], 2891). As 
in the case of the salt-like hydrides, heat is 
evolved when these substances are formed 
from their elements; the interstitial hydrides, 
however, are less dense than the parent elements 
(Sieverts and Gotta, ll.c.). This fact supports 
the view that the hydrogen atoms are accom- 
modated in the interstices of the metal lattice, 
which is expanded by the insertion of these 
atoms. The interstitial hydrides are powerful 
reducing agents, probably because the loosely- 
held hydrogen wliich they contain is in the 
atomic condition. 

The amount of hydrogen adsorbed by metals 
'such as iron, cobalt, nickel and platinum is in- 
sufficient to indicate formation of interstitial 
hydrides comparable with those cited above, but 
the mechanism of the adsorption process is 
probably similar to that of the formation of 
these hydi-ides {cf. Hydbogen — Adsorption). 

{d) Other Hydrides not Classified Above. 
— ^A copper hydride containing rather less 
hydrogen than is indicated by the formula 
CuH is precipitated on addition of sodium 
hypophosphite solution to a solution of cupric 
sulphate at 65°. Copper hydride is a brown 
explosive powder when freshly prepared, but 
it becomes black and more stable on keeping 
(Neunhoeifer and Nerdel, J. pr. Chem. 1935-36, 
[ii], 144, 63). It is an endothermic compound, 
the heat of formation being — 5'12 kg.-cal. 
(Sieverts and Gotta, Annalen, 1927, 453, 289). 
Solid hydrides of nickel, cobalt, iron' and 
chromium, NiHg, CoHg, FeHg and CrHg, are 
precipitated on passing hydrogen through an 
ethereal solution of phenyl magnesium bromide 
containing the appropriate anhydrous metal 
chloride in solution or suspension ; another iron 
hydride prepared by a similar method, FeHg, is 
described as a’ heavy oil (Weichselfelder and 
Thiede, ibid. 1926, 447, 64). There is evidence 
for the existence of a tungsten compound of a 
similar type {idem, ibid.). 

Further details relating to hydrides will be 
I found in articles dealing with the indi-vidual 
elements. For a general review, see Emeleus 
and Anderson, “ Modem Aspects of Inorganic 
Chemistry,” London,’ 1938. 

HYDRINDONE, Indanones. From the 
structure of hydrindene (I) it is evident that it is 
the parent substance of two cyclic mono-ketones, 
two di-ketones and one tri-ketone. 

a-Hydrindone (Indan-l-one) (n)has been pre- 
pared from ]8-phenylpropionyl chloride (25 g.) 
in light petroleum (40 g.) by the action of 
aluminium chloride (25 g.) with gentle warming 
for ^ hour (Kipping, J.C.S. 1894, 65, 485). 
Wedekind effected the condensation with ferric 
chloride in carbon disulphide solution (Annalen, 
1902, 323, 255). Other medications of the pre- 
paration from i?-phenylpropionyl cliloride have 
been devised (Thiele and Wanscheidt, ibid. 1910, 
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376, 271 ; Haller and Bauer, Compt. rend. 1910, 
150, 1475 ; Ingold and Thorpe, J.G.S. 1919, 115, 
149). It is also formed by dropping acrylyl 
chloride (20 g.) dissoh'ed in benzene (34 g.) 
into a mixture of alummium chloride (20 g.) 
and carbon disulphide (CO g.) (Jloureu, BuU. Soc. 
chim. 1893, [iii], 9, 570 ; Ann. Chim. 1894, [vii], 
2, 199 ; Kohler, .^^er. Chem. J. 1909, 42, 375). 
E. A. Pacaud and C. P. H. AUen (“ Organic 
Syntheses,” 1938, 18, 47) add hydrogen chloride 
to freshly distilled indene, the resulting a- 
chloroindene is then oxidised by chromic an- 
hydride dissolved in diluted acetic acid (1:1) at 
35-40°. After dilution and neutralisation nith 
sodium carbonate, the hydrindone is recovered 
by steam distillation. 



in. 


(zinc dust and acetic acid) and then hydrolysed 
by dilute sulphuric acid (Wallach and Beschke 
Annalen, 1904, 336, 3). Moore and Thorpe 
obtamed the compound by the action of sul- 
phimc acid 'on 2-aminoindene-3-carhoxylic acid 
winch reacts as 2-imino-hydrindene-3-carboxvlic 
acid (.J.C.S. 1908, 93, 186; see also Proc. C. S, 
1911, 27, 108). 

M.p. 58° or 60° ; b.p. 220-225°. Oxime, m.p. 
155°; semicarhazone, m.p. 218° (decomp.). 

l:l:3:3-Tetrachloro-/S-hydrindone results &om 
the action of bleaching powder on l:l:4:4-tetra- 
chloro-2:3-diketotetrahydronaphthalene (Zincke 
and Fries, Annalen, 1904, 334, 256). 
a^-Dikelohydrindene (Indan-l:2-dione), 

CeH / )C0 

\co/ 


results when fronitroso-a-hydiindone is hydro- 
lysed by hydrochloric acid in presence of 
formaldehyde (Perkin, Koberts and Eohinson, 
J.C.S. 1912, 101, 232 ; see earlier papers. Kipping, 
ibid. 1894, 65, 492 ; Gabriel and Stelzner, Ber. 
1896, 29, 2604. Cf. also Steinkopf and Bes- 
saritsch, ibid. 1914, 47, 2931). 
ay-Dil:etoTiydrindene (Indan-l:3-dione), 


/CO. 

:H4< >CH, 
\CO/ 


a-Hydrindone is colourless and crystalline, 
m.p. 39-42° (different observers), b.p. 24.3-245° 
(Gabriel and Hausmann, Ber. 1889, 22, 2018), 
d about 1-1, magnetic rotation (Perkin, J.C.S. 
1894, 65,489; 1896, 69, 1243). 

On halogenation, the hydrogen atoms in 
position 2 are first replaced, then those in 
position 3. The oxime has m.p. 144°; azine, 
m.p. 164-165°; semicarhazone, m.p. 239° (or 
233°) ; and ^-niirophenylhydrazone, m.p. 234- 
235°. The keto-group is also capable of re- 
acting with active methylene groups, thus 
Thorpe and Ingold obtained ethyl indenyl-S- 
cyanoacetate by condensation with ethyl cyano- 
acetate in presence of secondary bases (J.C.S. 
1919, 115, 150). 

The carbonyl group activates the methylene 
group in position 2 so that 2 mol. of a-hydrindone 
condense to give anhydro-bis-a-hydrindone 
(Kipping, I.C., p. 495) ; whilst both methylene 
groups react with p-nitrosodimethylaniline 
(Euhemann, J.C.S. 1910, 97, 1445). With 
isatin chloride, 2:2'-indoxylindan-l-one, 


/CO. /CO. 
CrH.C >C:C< >C 

'\ch/ 


6^4 


is formed (Felix and Friedlaender, Monatsh. 1910, 
31,60; KaUe and Co., G.P. 227862). , 
^-Hydrindone (Indan-2-one) (HI) has been 
obtained by distiliation of calcium o-phenylene- 
diacetate (Schad, Ber. 1893, 26, 222 ; Benedikt, 
Annalen, 1893, 275, 353), by heating hydrindene 
glycol with dilute sulphuric acid (Heusler and 
Schieffer, Ber. 1899, 32, 30) and from 2-nitro. 
indene which is reduced to ^-hydrindone oxime 


Acetic and phthalic esters are condensed by 
sodium ethoxide, the resulting diketohydiindene 
earboxj’^lic ester hydrolysed and carbon dioxide 
eh'minated from the resulting acid. M.p. 129- 
131° (Gabriel and Keumann, ibid. 1893, 26, 954; 
G. Ponzio and A. Pichetto, Gazzetta, 1923, 53, 
20; W. 0. Teeters and E-. L. Shriner, J. Amer. 
Chem. Soc. 1933, 55, 3026). 

The methylene group is very reactive and 
anhydrodiketohydrindone is produced by elimi- 
nation of water between 2 mol. (WisMcenus and 
Kotzle, Annalen, 1889, 252, 76). According to 
Hantzsch (ibid. 1912, 392, 322), anhydrodiketo- 
hj'drindone is 


/CO. .CH . 

CeH/ )CH-C^ >CO 

\C0/ ^CeH/ 


and not 


/CO. 

CcHZ >C:C<; >C0 

\co/ ^c.h/ 


Of. also Fischer and Wanag (ibid. 1931, 489, 97). 

The reactivity of the methylene group is also 
exhibited in the reaction with phenyidiazonium 
salts which give tidketohydrindene ^-phenyl- 
hydrazone. oy-Diketohydrindene also con- 
denses with isatin chloride to give 2:2'-indoxyl- 
mdan-l:3-dione, a compound of indigoid ty^ 
(Felix and Friedlander, Monatsh. 1910, 31, 55). 

Derivatives of indan-l'3-d to tie have been 
pared by Black, Shaw and T. K. Walker (J.C.S. 
1931, 272), and Walker, Suthers, Eoe and Shaw 
(ibid., p. 514). Malonyl chloride and several alkyl 
substituted malonyl chlorides, R*CH(COCI)2 
{R=H, CH3, C2H5, n-CaH-, 72-C4Hg, n-C-^Hn, 
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7i-C«Hjg, jsO'CgH-j ?5 o-C|Hjj> ?so- 

C 5 H 11 ) and (C 2 H 5 ) 2 C{COCI)o. have been con- 
densed Mitb resorcinol dimctlijd etlier and with 
jS-naplithjd inethjd ether hy aluminium olilorido 
in nitrobenzene solution. Dcincthylation occth's 
in the or/iio-position to carbonyl and tho re- 
sulting compounds have the following struc- 
tures : 

CHR 

. OCr^^CO 


OH CO 




CH 


The numerous derivatives prepared in this 
way have been studied with respect to their 
antiseptic powers, which are selective. 

Numerous compounds of tho type 

.CO\ 

CgH/ >CR2 
^CO/ 

have been S 3 mthesised bj' Freund and Fleischer 
(Annalon, 1913, 399, 182 ; 1913, 402, 51 ; 1915, 
409, 268; 1917, 414, 1), Das and Ghosh (J. 
Amer. Chem. Soo. 1919, 41, 1221), I’leischer 
(Anualen, 1921, 422, 231, 265, 272, 317). 

Such disubstituted dikctohj'drindcnos must 
nocessnrilj^ possess a dilcctonio structure, but 
anol tautomcrism is possible in tho case of tho 
parent substance and certain derivatives. Thus 
the anil (in.p. 208°) is probablj' 


C„H, 


CO 

^ ^CH„ 
\ / 
C:NPh 


in the free state, whilst the salts u’ith acids and 
bases are probably derived from tho forms 

CO 

CoH4( ^CH 


and 


C-NHPh 

COH 

CoH4<^ )cH 
C;NPh 


respectively. 


The enolisation of 2-monoacylindan-l:3- 
diones niaj' give compounds of tho tj^po 

/CO, 

CgH,< >C:CR-OH 

\co/ 


(Scheiber and Hopfer, Bor. 1920, 53 [B], 097). 

Trikeioliydrindcnc, Indanotriono, CoH^Og- 
Hydrate, Cf,H(. 04 . When diphthalylothano is 
oxidised with hj'drogen peroxide, diphthalyl- 
ethjdeno (“ indenigo ”) is obtained as tho chief 
product of tho reaction (a. Kaufmann, ibid. 
1897, 30, 387). A small amount of a by- 
product was isolated, which was supposed to bo 
trilvctohydrindonobutthcamountwasinsulTiciont 
for anatysia. 


lluhemann subscquontlj’- isolated tho trikotono 
ns its colourless hydrate and o.vamiued ils re- 
actions (J.C.S. 1910, 97, M3S, 14-16, 2025). 
Ifor tho preparation, use is made of tho fact that 
both the mothjdouo groups of a-hydrindono 
react with p-nitrosodimothj’lanilino. Solutions 
of 6 g. of tho former and 24 g. of tho latter, each 
in 50 o.c. alcohol, are mixed, cooled with ice 
and a small quantity of alcoholic i)otash added. 
After a dajq tho black solid is collected and cry- 
stallised from a largo quantity of mothjdated 
spirit. Tho product forms green jn’isms (solu- 
tion, bluish -black), jn.p. 174°, it is tho h.ydrato of 
2:3-1)18 (p-dimoth 5 daminoanilo)-a-hydrindone ; 

CoH,t— CiN-CoH^-NMea 
CO iiN-CoHpNMea 


By gently warming with dilute sulphuric acid, 
triketohydrindono hydrate is liberated (ibid.). 
On crystallisation from hot water, colourless 
prisms are obtained which turn red at 125°, 
froth at 139° and decompose at 239-240°. 
Ruhomann also prepared tho hj^drato from 1:3- 
diketohj'drindono and from |3-hj’^drindono using 
uitrosodimothjdanilino and hj'drol 3 fsing tho 
resulting anils (J.C.S. 1911, 99, 790 ; cf. I’foiffor 
and IIcsso, J. pr. Chom. 1941 [iij, 168, 315). 
It is also obtained in 31-35% 3 deld from 1:3- 
dikoloh 3 ulrindono and SeOj in aqueous dioxan 
(W. 0. Teeters and R. L.*" Shrinor, J. Amor. 
Chem. Soc. 1933, 55, 3020). 

For tho absorption spectrum, sec Purvis, 
J.C.S. 1911, 99, 1953. Tho alkaline solution is 
3 ’-ollowat first, becoming colourless, at which stage 
it contains o-h 3 'droxymnndolio acid. Tho aqueous 
solution reduces Fohling’s and ammoniacal silver 
solutions but is itself reduced to 2 -h 3 ulroxy-l: 3 - 
dikotohydrindono by sodium amalgam. Tho 
substance is marked^ poisonous. 

Under tho name of ninliydn'n, trikctoh 3 ^ 1 rin- 
deno hydrate has found application ns a reagent. 
It had boon observed that tho compound gave 
a deep blue coloration with amino-acids by 
means of which more traces of tho h 3 nlrol 3 dic 
products of proteins could bo recognised (lluhc- 
mnnn, J.C.S. 1910, 97, 2025 ; 1911, 99, 793, 1486). 
Tho presence of free amino- and oarbox 3 d-group 3 
was necessary for a positive result. 

Comparison of tho formula) of alloxan- and 
ninhy'drin : 


CO 




C{0H)2 


/CO. 

CoHZ >C(OH)„ 
NCO/ 


Suggests that ns alloxan reacts with amino-acids 
to give an aldehyde and muro.vido (Streokor, 
Annalon, 1802, 123, 363), so tho trikotohydrin- 
deno may act ns ati oxidising agent on amino- 
acids giving an aldehyde, carbon dioxide and 
ammonia, tho last of these compounds then re- 
acting with tho “ hyulrindantin ” formed by tho 
reduction of tho ninhydrin with formation of an 
ammonium salt of dikctohydrindylidenedikoto- 
liydrindamino, Hynlrindantin was obtained 
byf tho reduction of ninhydrin with hyulrognn 
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sulphide and gave the expected reactions; its 
formula and that suggested for the product from 
ninhydrin and ammonia are as follows : 






/C(OH)OCH. 

CQ/ \CO 


,CO 


CcH/ >C: 


.C(0NH4) 

N-C"^ H 

\co / ® ^ 


It was found that not only the a-amino-acids 
but also acids with an amino-group in fi-, y-, S-, 
or e-positions respond to the test. Ruhemann 
states that both amino- and carboxyl-groups 
must be intact so that the reaction is not given 
by phenylglycine or hippuric acid or by the 
esters of the amino-acids. Ruhemann found that 
the test was so delicate that Avhen hydrindantin 
is boiled with alcohol, it gradually dissolves to 
yield a dark reddish-violet solution. This was 
attributed to ammonia present in the air of the 
laboratory, and precautions should therefore be 
taken (H. Gardner, Lancet, 1930, ii, 525). 

Condensation of ninhydrin with proline can 
be effected in aqueous solution at pg 7. The 
products from proline and hydrox 3 q)roline have 
been assigned the constitutions (R — H or OH) 
(W. Grassmann and K. von Amim, Annalen, 
1934, 509, 288). 



(Numerous references to the use of ninhydrin 
as a reagent will be found in the biochemical 
literature.) 

Oximes of triketoliydrindene : 


2-Monoxime, m.p. 200-201° (decomp.). Ob- 
tained from l:3-dd£etohydrindone and nitrous 
acid (W. 0. Teeters and R. L. Shriner, J. Amer. 
Chem. Soc. 1933, 55, 3026). 

l:2-Dioxime, m.p. 233° (decomp.). By adding 
amjd nitrite (10 g.) and HCI (1 c.c. 30%) to 
2-hydrindone (4*5 g.) in alcohol (15 c.c.) (F. 
Heusler and H. Scliieffer, Ber. 1900, 33, 32). 

\:2-Dioxime, m.p. 168° (decomp.). From 2- 
oximino-l:3-diketohydrindone, hydroxylamine 
hydrochloride and sodium acetate in alcohol 
at 60-70°. (CgHsOgNglzNi and other de- 
rivatives have been prepared (G. Ponzio and 
A. Pichetto, Gazzetta, 1923, 53, i, 20). 

. Indenone, 


.CO 

=h<ch>" 


Some halogen substituted derivatives have been 
made (Zincke, Ber. 1887, 20, 1269 ; Schlossberg, 
ibid. 1900, 33, 2426). 

J. T. H. 

HYDROCERUSSITE. Until recently this 
mineral was known only from two localities in 
Scotland and Sweden as very thin, scaly crusts 
with pearly lustre on oxidized lead ores. The 


Scotch mineral had from its appearance been 
named “ plumbonacrite.” Analyses of the 
very small amount of material had given 
different results, and the formula 

2PbC03-Pb(0H)2 

was based on analyses of the artificially pre- 
pared crystalline material (L. Bourgeois, 1888). 
Later it was reeognised on specimens from the 
ancient lead mines in the hlendip Hills in 
Somersetshire, the best material haAing been 
preserved in the mineral collection of John 
Woqdward, which was bequeathed ‘ to the 
University of Cambridge in 1728. In the 
Mendip lead ores the mineral usually occurs as 
an intermediate stage in the alteration of 
mendipite (2PbO-PbCl2) to cerussite (PfaCOj), 
Crystals are rhombohedral with a tabular or 
lenticular (flat rhombohedral) habit, and are 
characterised by a perfect basal cleavage on 
which the lustre is markedly pearly. On a 
cross fracture the mineral closely resembles 
cerussite in appearance, for which it has no 
doubt often been mistaken. Cleavage flakes 
are optically uniaxial and negative ; sp.gr. C-80, 
hardness SJ. Analyses of the Mendip mineral 
show the presence of a small amount (0-3%) of 
chlorine, suggesting the presence of a com- 
pound 2 PbC 03 -PbCi 2 in isomorphous mixture 
with 2 PbC 03 -Pb( 0 H) 2 . Hydrocerussite as 
minute scaly crystals has also been detected in 
Roman lead slags from Laurion in Greece and 
from the Mendip Hills (L. J. Spencer, Min. Mag. 
1923, 20, 80). 

Hydrocerussite is identical in composition 
with the white lead (Latin, cerussa) of com- 
merce, and the purer flake-white no doubt 
owes its scaly form to the lamellar habit and the 
perfect basal cleavage of the crystalline material. 


HYDROCHLORIC ACID (v. Vol. HI, 69). 

HYDROCINCHONICINE (v. Vol. HI, 
163c). 

HYDROCINCHONIDINE (v. Vol. HL 
I62a). 

HYDROCINCHONINE (a. Vol. Ill, lC2d). 

HYDROCINCHONINONE (r. Vol. lU, 
163(f). 

HYDROCINCHOTOXINE (a. Vol. HI, 
I63c). 

HYDROCUPREICINE (v. Vol. HI, 108(?). 

HYDROCUPREIDINE (v. Vol. Ill, lOUc). 

HYDROCUPREINE (t>. Vol. Ill, 167c). 

HYDROCUPREINOTOXINE (v. Vol. 
fll, 168fl). 

HYDROCYANIC ACID (a. Vol. IH, 49ic). 

HYDROFLUORIC ACID. Use of m 
itching glass (v. Vol. V, 281c). 

HYDROFLUOSILICIC ACID (v. Vol. 
>826). 

HYDROGEN. - , , _ 

History. — ^The existeucc of a gas, which ha.-, 
lince been shown to be predominantl 3 ' hydrogen, 
ras recognised in very early times. Its m- 
lammability was noted by Van Helmont and 
jy Turquet de Ma}mrne in the .seventeenth 
:entur 3 ^ It hence 'becarae known a.s ‘ in- 
lammable air” and was somewhat naturally 
tonfused with other inflammable gases such as 
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hydrocarbons, carbon monoxide and hydrogen 
sulphide. 

Cavendish (Phil. Trans. 1766, 56, 141) showed 
that in the reaction between dilute sulphuric or 
hydrochloric acids and iron, zinc or tin the same 
gas Avas liberated. He confirmed its combusti- 
bility, and measured its specific gravity and the 
amount of gas evolved relative to the amount 
of metal used. During most of the eighteenth 
century, however, the ideas on the nature of 
hydrogen were confused by the phlogiston 
theory. 

Occurrence. — In the free state hydrogen 
occurs widely hut in small quantities. To a 
very slight extent it occurs free in the atmo- 
sphere (Gautier, Ann. Chim. Phys. 1901, [vii], 
22,5 ; Liveing and Dewar, ibid. p. 482 ; Rayleigh, 
Phil. Mag. 1902, [vi], 3, 416 ; Leduc, Compt. 
rend. 1902, 135, 860, 1332). According to 
Claude [ibid. 1909, 148, 1454) there is less than 
1 part of hydrogen in 1 million parts of air. 
It occurs in the upper atmosphere hut is virtually 
absent from certain layers (Kaplan, Nature, 
1935, 136, 549 ; Pederson, Kgl. Danske Vidensk. 
Selsk. Math-fysi. Medd. 1927, 8, No. 4; Amer. 
Chem. Ahstr. 1928, 22, 2873). It occurs in 
fumaroles in Tuscany and other places. The 
gases issuing from the salt beds of Stassfurt 
(Reichardt, Arch. Pharm. 1860, 103, 347 ; 
Precht, Ber. 1880, 13, 2326) and at Wieliczka 
(Rose, Pogg. Ann. 1839, 48, 353) contain hydro- 
gen, and it also occurs in the gases given off by 
the oil-wells of Pennsylvania, West Virginia, 
Ohio and Indiana (Engler, Ber. 1888, 21, 1816 ; 
U.S.A. Geol. Sur. 1909, 2, 297). Hydrogen has 
been found occluded in certain meteorites 
(Graham, Proc. Roy. Soc. 1867, 15, 502 ; Mallet, 
ibid. 1872, 20, 365), and in a large number of 
minerals (Ramsay and Travers, Proc. Roy. 
Soc. 1897, 60, 442 ; Tilden, ibid. 1897, 60, 453)', 
and in clays. It occurs in the gaseous mixtures 
evolved from certain volcanos (Bvmsen, Ann. 
Chim. Phys. 1853, [iii], 38, 259 ; Deville, Compt. 
rend. 1862, 55, 75). 

Spectroscopic observations have shown that 
hydrogen completely surrounds the sun, forming 
an envelope Avhich has received the name of the 
chromosphere. Hydrogen also occurs in certain 
stars and nebulaj. 

In a combined form hydrogen has even a wider 
distribution on the earth’s surface than in the 
free state, and occurs much more abundantly. 
In the region comprising the earth’s crust, the 
ocean and the atmosphere, hydrogen is the ninth 
most plentiful element from the point of view 
of weight (0-95%) and the second most plentiful 
element from the point of vieAV of the number of 
atoms (16-3%) (Clarke, “ The Data of Geo- 
chemistry,” Washington, 1916, p. 34). The 
forms in which combined hydrogen occurs are 
well knoAvn : water and hydrates, acids, alkalis, 
hydrides, hydrocarbons and virtually all organic 
compounds. 

POBMATION. 

(1) Electrolysis. — ^If a dilute solution of an 
acid is electrolysed betAveen electrodes which 
are vmattacked by hydrogen, there is an evolu- 
tion of hydrogen at the cathode as a primary 
decomposition product. Under comparable con- 


ditions the electrolysis of a salt or alkaline solu- 
tion yields hydrogen at the cathode as a 
secondary decomposition product. Thus Avitb 
NajSO^: 

Primary decomposition, 

Na 2 S 04 -^ 2 Na+-fS 04 ’= 

Secondary decomposition at cathode, 
2Na-l-2H20->2Na0H-}-H2 

In dilute solutions of acids and of alkalis the 
final products are in both cases Hj and Oj, and 
the process is referred to as the electrolysis of 
water, since the acid or alkali decomposed by 
electrolysis is reformed by secondary decom- 
position and only the elements of Avater are 
removed from the reaction medium. The energy 
required for evolution of equivalent amounts of 
Hg and Oj (apart from over-voltage and the 
resistance of the solution) is thus independent of 
the electrolyte. The total energy required Avith 
smooth platinum electrodes was determined by 
Le Blanc (Z. physikal. Chem. 1891, 8, 299; 
1893, 12, 333) as about 1-7 volts for W-solutions, 
which is thus the minimum voltage required for 
the electrolysis of water. Ideally 1 g.-equivalent 
of hydrogen (for that matter of any element) is 
hberated by 96,600 coulombs of electricity. In 
practice the amounts of hydrogen and oxygen 
evolved are not exactly equivalent to each other 
or to the amount of current. This is due to the 
different solubility of and Og in water, to 
recombination of Hg and Og in solution, and (if 
a sulphuric acid solution is used) to the formation 
of persulphuric acid and to other minor causes. 

Hydrogen is also evolved in the electrolysis 
of certain solutions where oxygen is not given 
off at the anode, e.ff. in the electrolysis of acids 
such as HCI whose anion does not undergo 
secondary decomposition. Here the products 
are Hg and Clg and the decomposition voltage 
is about 1*31 volts for a W-solution. 

In the electrolysis of solutions of certain salts 
of strong acids and strong bases, e.g. NagSO^, 
Ca(N03)2, the final decomposition products are 
again hydrogen and oxygen. The secondary 
decomposition, however, results not in the 
re-formation of the neutral salt but of acid 
(H2SO4 in the ease of Na2S04) at the anode, 
and alkali (NaOH in the case of Na2S04) at 
the cathode. The anions are thus discharged 
from an acid solution and the cations from an 
alkaline solution. The degree of acidity and 
alkalinity are practically the same for aU salts 
of strong acids and strong bases, and the 
decomposition potential is about 2-2 volts for 
AT-solutions. 

In the electrolysis of metal halides, hydrogen 
is formed by secondary decomposition at the 
cathode, but there is no corresponding decom- 
position resulting in oxygen at the anode. The 
decomposition voltage therefore depends upon 
the halide. For an N-solution of NaCI it is 
1-98 volts. 

(2) Ionic Displacement of Hydrogen 
from Water. — ^The action which certain metals 
exhibit of displacing h3^drogen from water 
depends upon the electropositiveness of the 
metal being greater than that of hj'drogen. 
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/W^hen an electropositive metal is immersed in 
^4 solution of its o'vni salt it forces some of its 
ions into the solution by virtue of its electrolytic 
solution-pressure. This process continues until 
the osmotic pressure produced by the additional 
ions equals the electrolytic dissociation pressure, 
leaving the metal with a negative charge which, 
for a given strength of solution and at a given 
temperature, is dependent upon the electro- 
positiveness of the metal. 

The following are the electrometric values for 
some of the principal elements, measured against 
normal solutions ; Fritz Ephraim, “ Inoreauic 


Chemistry,” Gurney 

and Jackson, 1939. 


Cs . . 

. -2-91 

Co-^+ . 


-0-29 

Rb . . 

. -2*74 

Ni . . 


-0-22 

K . . 

. -2-61 

Pb . . 


-0-12 

Na . . 

. -2-45 

Sn . . 


-0-10 

Ba . 


H . . 


0-00 

Ce+++ . 

. -2-10 

Sb . . 


+0-1 

Li . . 

. -2-09 

Bi . . 


-kO-2 

Sr . . 

. -2-07 

. 


-4-0-24 

Ca . . 

. . -1-90 

As . 


-rO-3 

La . . 

. -l-7o 

Cu+- . 


-bO.34 

Th . . 

. -1-75 

Re . . 


4-0-6 

Nd . . 

. -1-6.0 

Ag . . 


4-0-80 

Mg . . 

. -1-55 

Hg^+ . 


4-0-80 

Pr . . 

, -1-44 

Pd . . 


4-0-82 

A1 , . 

. -1-28 

Pt . , 

>+0-86 

Mn . . 

. -1-04 

Au"^. 


4-1-5 

Be . 

. -0-81 

Te . . 


-0-84 

Zn . 

. -0-76 

S . . 


-0-55 

Ga . 

<-0-76 

0 . . 


4-0-39 

Cr++ 

. -0-6 

1 . . 


4-0-54 

Fe^ . 

. -0-43 

Br . . 


4-1-08 

In . 

>-0-40 

Ci . . 


4-1-36 

Cd - . 

. -0-40 

F . , 


4-1-92 

Tl . . 

. -0-33 





Any of the metals above hydrogen -will there- 
fore displace it from a solution containing 
hydrogen ions. In the case of water where the 
number of hydrogen ions is low, the rate of 
evolution is lower than with acids, but it never- 
theless does occur very readily in the cold with 
the alkali metals, but decreasing in extent on 
descending the series. The same considerations 
which apply to the liberation of hydrogen from 
water also govern its displacement from N Hg. 

In many cases the hydroxides formed protect 
the metal from further action and any method 
of increasing the solubih'ty of the hydroxide, 
such as an increase in temperature or the appli- 
cation of a mass-action effect, increases the 
extent of the reaction. 

The effect of metallic couples is to decompose 
water electrolytically. Metallic impurities, by 
forming couples, have a marked effect on the 
apparent readiness of a metal to replace hydrogen 
from water (and acids). 

(3) Displacement of Hydrogen from 
Acids. — Hydrogen ions can be displaced as 
hydrogen atoms (and thence as molecules) from 
acid solutions similarly to their displaceinejit 
from water. The greater concentration of H ions 
in this case, and the usually greater solubility 
of the salt compared with the hydroxide, facQi- 
tate the reaction. In practice it is found that 
the ease of di.splacement of hydrogen seldom 


follows the senes given above, since this series 
refers to normal solutions and the order of the 
metals varies with concentration. Traces of 
impurities also have a marked effect on the 
reaction for reasons which have been mentioned 
earlier. The reaction is facilitated hy anv factor 
winch increases the number of hydrogen ions 
(dilution), decreases viscosity of the acid and 
facilitates replacement of the H ions removed 
from the sphere of action (increase in tempera- 
ture), increases the sphere of action (powdering 
of the metal), or removes a protective gaseous 
or solid coating from the metal (dilution, etc.). 
Well-kno%m examples of the inhibition of the 
reaction are Fe in cone. H 2 SO 4 and Pb in 
H 2 SO 4 , in which protective coatings of different 
types are formed. On exposure to an oxidising 
agent many metals, particularly iron, form a 
protective oxide coating, even when the 
oxidising agent is itself an acid, e.g. nitric, 
chloric, chromic. The passive metal is then 
insoluble even in dilute acids until another 
metal is introduced to set up a couple,- or until 
the coating has been removed by reduction 
or other means. The salts of many weak acids 
are readily hydrolysed to an insoluble hydroxide 
or to a basic salt, so that weak acids usually 
have but little action on metals. 

(4) Displacement of Hydrogen from 
Alkalis. — ^Many elements displace hydrogen 
from hydroxides, e.g . : 


2 

2 

2 



Eeactants. 

Products. 


Na 

. NaOH 

NagO , . 

H 

AI 

. NaOH 

NagAIOg . 

H 

Zn 

. NaOH 

NajZnOg - 

H 

Sn 

. NaOH 

Na 4 Sn 04 . 

H 

B 

. NaOH 

NagBOg . 

H 

Si 

. NaOH 

Na 4 Si 04 . 

H 

P 

. NaOH 

Na 3 P 04 . 

H 

Ci 

. NaOH 

NaCIO. . 



HCl->NaCI 


The 


anion 


element concerned forms part of the 
in the resulting compound and the re- 
action is favoured by the metal of the hydroxide 
being a strong cation. Thus NaOH is better 
than Ca(OH) 2 . "Where possible the hydrogen 
combines -with excess of the element so that 
the method apph’es principally to metals and 
those elements having metallic aJJotropcs, e.g. 
PHg as well as Hg is formed with P, and only 
HCI with Cl. 

(.5) Reduction of Water. — The ionic dis- 
placement of H from water has already been 
described, but H can also be produced from 
water by non-ionic reaction with man 3 ' raefab. 
The reaction of water -with the metals other 
than those at the top of the electrometric .series, 
is probablj’’ non-ionic, e.g. in the high tempera- 
time reaction -with Fe. 


H 


HgO-fFe^ FeO-J-Hj 
,0-f 3FeO ^ Fe., 04 -bH, 


4 H 2 O J-3Fe ^ Fe 304 -f 4 H 2 

For the references to the equih'hriiim con- 
stants, heats and rates of these reactions, eee 
Mellor, “ Comprehensive Treatise on Inorganic 
and Theoretical Chemistiy,’’ 193-1, XIIT, p- 800. 
The values given have .oinee been modified (Chip- 
man, J. Amer. Cbem. Soc. 1933, 55, 3131 ; 1931, 
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56, 2011 ; Emmett and Shultz, 1933, 55, 
1376 ; Shibata, J. Chem. Soc. Japan, 1935, 56, 
736; Tschufarov and Averbuch, Acta Physico- 
chim. U.R.S.S. 1936, 4, 617). When no attempt 
is made to discriminate between ionic and non- 
ionic reactions, the metals can be divided into 
groups according to their action on water — 
concept which played an important part in early 
attempts to classify the metals (Thenard, 
“ Traite de Chimie Elementaire,” Paris, 1816; 
Regnault, “ Cours elementaire de Chimie,” Paris, 
1840). 


Group. 

Metals. 

Condition for dccom- 
jjosition of water. 

1. 

1 

Alkali and alkaline 
earth. 

Cold. 

2. 

Be, Mg, etc., and 
rare earths. 

50-100°C. 

3. 

Zn, Cd, Sn, Fe, Ni, 

Bed heat, ca. 


Co, Cr, Os. 

550°C. 

4. 

Cu, Pb, etc. 

White heat, ca. 
1,300°G. 

5. 

Hg, Ag, Au and Pt 
family except Os. 

No reaction. 


Further data, including equilibria, etc., of 
these reactions, have since been obtained, e.ff, : 

Cr, Aoyama and Kanda {J. Chem. Soc. 
Japan, 1934,55,1174). Co, Shibata and Mori 
(ibid. 1933, 54, 50 ; Z. anorg. Chem. 1933, 212, 
306). Ni, Skapslii and Dabrowski (Z. Elektro- 
chem. 1932,38,365). Sn, Emmett and Shultz 
(J. Amer. Chem, Soc. 1933, 55, 1390); Meyer 
and Scheffer (Roc. trav, chim, 1936,54,294). Mn, 
Aoyama and Oka (Sci. Rep. Tfilioku, 1933, 22, 
824 ; Amer, Chem. Abstr. 1934, 28, 1915). Metals 
generally, Guertler (Z. MetalUi. 1926, 18, 365) ; 
Kembaum (Compt. rend. 1911, 153, 1668) ; Pour- 
baix (Bull. Soc. Beige Ing. Ind. 1934, No. 7-8, 
67 pp.). Mo, Chaudron (Compt. rend. 1920, 
170, 182). Al, Scala (Atti. R. Accad. Lincei, 
1913, [v], 22, i, 43; Amer. Chem. Abstr. 1913, 
7, 1684). ,Mg, Piccardi (Gazzetta, 1930, 60, 
337 ; Amer. Chem. Abstr. 1930, 24, 3960) ; 
Knapp (Chem. News, 1912, 105, 253) ; W, 
Chaudron (Compt. rend. 1920, 170, 1056). Ca, 
Lettermann (Z. physikal. chem. Unterr. 1911, 
13, 176). Zn, Schacherl (Gazzetta, 1932, 62, 
839). Cu, Gallo (Annali Chim. Appl. 1937, 27, 
269). 

Water is also decomposed by non-metallic 
elements. The reaction with C is best Ioioto. 

C+H„0:^C0+H2 

C-t-2H20^C02-t-2H2 

(see Chemical Reactions, p. 318a, and Gas, 
Water). 

Si and B act similarly. Se and Te liberate 
from H2O, T e more readily than Se (Mon- 
tignie, Bull. Soc. chim. 1934, [v], 1, 507). S does 
not normally liberate Hg in its reaction %vith 
HgO, but at 1,000° Hg b^ins to appear in the 
products (Randall and Bichowsky, J. Amer. 
Chem. Soc. 1918, 40, 362, 368; Lewis and 
Randall, “ Thermodynamics,” New York, 
1923, p. 547). Similarly, P, under some con- 
ditions, yields (Ipatiev and Freitag, Z. anorg. 
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Chem. 1933, 215, 388), The halogens do not 
liberate Hg from water. 

Besides the elements many compounds react 
with water to give Hj, e.ff, : 

00 H2O — >■ OO2-I- H2 
CH^-l-HaO-^CO +3H2 

(see Chemical Reactions, pp. 3186, 319a). 

Among liquid-phase reactions in which hydro- 
gen is produced are water with manganous 
o.xide, uranium oxide, chromons oxide, titanous 
oxide, potassium cobaltocyanide, molybdenous 
chloride, etc. Hydrogen is sometimes evolved 
during the hydrolysis of some carbides (Mn^C) 
(v. Vol. II, 281c) and silicides (CaSi2) (a. Vol. II, 
227c). 

(6) Decomposition of Hydrides. — The salt- 
like hydrides (NaH, CaH2, etc.) are readily 
hj'-drolysed by water to yield hydrogen, 

NaH-t-HgO -5- NaOH-i-Hg. 

This reaction could also be regarded as a decom- 
position of water to give Hg. 

The volatile hydrides behave in various ways 
with water. The halogen hydrides tend to 
ionise as acids HCI H+-f Cl“, a tendency 
which appears less strongly with the VI group 
hydrides, e.ff. HjO, HgS. The V group 
hydrides, such as N Hg, by virtue of the lone 
pair of electrons on the central atom, co- 
ordinate with an H of HgO and ionise as bases, 
HOH-f NHs-^^HO'-f+HNHa, With the IV 
group hydrides on the other hand the O of water 
tends to co-ordinate with the central atom, e.ff. 
Si, resulting in a hydrol3'-sis which yields Hj, 
SiH4-b2H20 -vSiOg+dHg. Similarly with the 
higher silanes. C is however unable to e.xpand 
its octet and consequently CH4 is stable to HgO 
at ordinary temperatures. In the III group a 
similar hydrolysis occurs and the boranes yield 
Hg-bHgBOg. Silane, but not methane, yields 
HgWith HCl, SiH4-)-HCI -^SiHaO-f Hg. 

Thermal decomposition of hydrides is also 
possible and includes all types of hydrides, e.ff. 
NaH, CH4, NHg, HgO, HgS, HBr. The 
more important of these are dealt with either 
under Decomposition of Hydrocarbons (see 
below (7)) or Chemical Reactions, p. 319a. 

(7) Decomposition of Hydrocarbons and 
other Organic Compounds. — Hydrocarbons 
readily yield hydrogen at elevated temperatures, 
either through rupture of the molecule info 
smaUor fragments including Hg (cracking) or by 
simply splitting off Hg (dehydrogenation). These 
reactions are endothermic. The development 
of catalysis in relation to these reactions has 
’made great progress in recent years. 

In general the reactions obey certain principles; 

(i) The decomposition tends to favour the 

product which involves least rearrange- 
ment in the molecule. 

(ii) The C — C is more stable than the C — H 

link in aromatic compounds, and less 
stable in aliphatic compounds. This is 
Haber’s rule and is of wide but not of 
universal application. 

(iii) Radicals of low electron-attraction are 

formed preferably to those of high 
electron-attraction. 
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See Hurd, “ The Pyrolysis of Carbon Com- 
pounds,” Chem. Cat. Co., 1929, Chap. II; Ellis, 
“ The Chemistry of Petroleum Derivatives,” 
Vol. I, Chem. Cat. Co., 1934; Vol. II, Rhein- 
hold Pub. Corp., 1937, pp. 74-76 ; Egloff, “The 
Reactions of Pure Hydrocarbons,” Amer. 
Chem. Soc. Monograph Series, No. 73, New 
York, 1937, p. 167; Egloff, Levinson and 
BoUman, “ Thermal Reactions o£ Aromatic 
Hydrocarbons,” Chicago, 1934; Motovilova, 
“Catalytic Dehy^dration and Dehydrogenation 
of Alcohols,” J. Chem. Ind. U.S.S.R., 1935, 12, 
1184, 1260. 

Preparation of Pure Hydrogen. — The 
preparation of small amounts of hydrogen raises 
completely different problems from those of 
industrial production. For the preparation of 
hydrogen on a laboratory basis the best sources 
of information are Gmelin, “ Handbuch der 
anorganischen Chemie,” Aufl. 8, Verlag Chemie, 
Berlin, 1927, System No. 2, p. 18, and Parkas 
and MelviUe, “ Experimental Methods in Gas 
Reactions,” Slacmillan, New York, 1939. 

The standard method is by the action of 
acids (dd. HCl or dil. HgSO^) on metals (Mg, 
AI, Zn or Fe), preferably Zn4-H2S04 (diluted 
1 in 8). Further details are given by Loffler 
(Amer. Chem. Abstr. 1927, 21, 1071) and 
Edwards (J. Ind. Eng. Chem. 1919, 11, 961). 

The electrolysis of acids can yrield reasonably 
pure hydrogen, e.g. 10% H2SO4, with Pt 
electrodes set wide apart to avoid contamination 
by Og, followed by passage of the gas at slight 
pressure through alkah'ne pyrogallol and then 
water. 

It is more usual, however, to electrolyse 
alkaline solutions, e.g. pure bar^a (Baker, J.C.S. 
1902, 81, 400) or 30% NaOH with pure Ni 
electrodes (Vfezes and Labatut, Z. anorg. Chem. 
1902, 32, 464 ; Sivkov, Amer. Chem. Abstr. 
1935, 29, 53 ; Fink and Mantell, Trans. Electro- 
chem. Soc. 1927, 52, 109). The procedure given 
by Farkas and jMelville, op. cit., involves purifi- 
cation by passing over CaClg (to remove most 
of the HgO), over Pt asbestos or Pd asbestos at 
300°C. (to remove O2), over P2O5 and through 
a h'quid air trap (to effect complete diying). 
Specially pure hydrogen is best obtained by al- 
lowing the gas to diffuse through a palladium 
tube into an evacuated reservoir. 

Pure water may be electrolysed at 200 volts 
between Cu electrodes to give pure hydrogen 
(Saxon, Chem. News, 1931, 142, 49). 

Hydrogen at pressure can be generated in a 
portable apparatus, depending on the ferrosilicon 
— NaOH reaction (Lefebvre, Chim. et Ind. 
1928, 20, 231). 

Hydrogen for ordinary use is conveniently pur- 
chased in cylinders at about 100 atm. pressure, 
or is generated in a Kipp’s apparatus. In the 
latter case the gas contains AsHg, PHg, hydro- 
carbons, O2 and COg and, according to Farkas 
and Melville {op. cit.), can be purified by being 
passed successively through 50% KO H, saturated 
KMn04 twice over, CaCig, over Pt asbestos at 
800°C. in a silica tube, CfaCIa and P205- A 
more detailed account of individual impurities 
and their method of removal is given in Gmelin, 
“ Handbuch der anorganischen Chemie,” Aufl. 
8, 1927. Pure hydrogen may also be obtained 


by evaporation from liquid hydrogen (U.S.P. 
2022165). 

When drying is effected either by passing the 
gas over dj^g agents or through cooled traps 
the weight of HgO in grams per cubic metre 


remaining when the systems are 
is: 

in equilibrium 

Cold traps : 


-193°C 

0-7x10-23 

-115°C 

Diying agents (at 25°C.) : 

2-4 xlO-^ 

P2O5 

<2x10-5 

Mg(CI 04)2 

<5x10-^ 

Mg(C104)g,3H20 . . . . 

2x10-2 

KO H (fused) 

2 X 10-2 

^^2^3 * • . . . . 

3x10-2 

HgS04 

3x10-2 

CaClg 

2-5x10-1 

Estimation of Hydrogen.- 

-On passing a 


gas containing hydrogen slowly over paUadised 
asbestos heated to dull redness, hydrogen is 
removed completely, leaving paraffins rmaffected. 
CO, COg, HgO, benzene, alcohol, HCl or NH3 
interfere. Hg destroys the activity of the Pd. 
See Lxmge and Ambler, “ Technical Gas 
Analysis,” Gurney and Jackson, 1934. 

■ PHYSICAIi PeOPEBTIES. 

Unless otherwise specified, the following data 
refer to molecular hydrogen containing the 
naturally existing ratio of protium and deuterium 
atoms (about 5,000 to 1), the molecules being 
normal in respect to ortho and para, i.e. 0'7492 
ortho and 0’2508 para. 

Atomic Weight. — H on the physical scale is 
1-0081, on the chemical scale this becomes 
1-00785 ; allowance for ^H with the abundance 
ratio 1:5000 gives 1-00805 for chemical hydrogen, 
and 1-0081 has been adopted (Eighth Report of 
the Committee on Atomic Weights of the 
International Union of Chemistry, in Baxter, 
Honigsehmid and LeBeau, J. Amer. Chem. Soc. 
1938, 60, 737). A complete review on the atomic 
weight of hydrogen is given by Brescia and 
Rosenthal (J. Chem. Educ. 1939, 16, 491). 

Pressure/Temperature/Volume Relation- 
ships, etc . — {See table on opposite page.) 

The figure for 1 atm. 0°O. is taken frotn 
Blanchard and Pickering (U.S. Bureau of 
Standards Sci. Paper, No. 529, 1926). The 
remainder are from Deming and Shupe (Physical 
Rev. 1932, [ii], 40, 848). 

The equation of state put forward by Beattie 
and Bridgeman (J. Amer. Chem. Soc. 1928, 50, 
3133; Proc. Amer. Acad. Arts. Sci. 1928, 63, 
229) is applicable over a wide range of tempera- 
ture and pressure. The equation is 

p=[ET(l-e)/V2] X [V-fB]-A/V2 
Mol. -wt. adopted 2-0154. 

VTiiere A=Ao [l-(a/V)] 

B=Bo Cl-(5/V)] 
c=c/\"T2 
R=0-0820G 
V=Iitres per g.-niol. 
;p=atmospheres 
T=°K=°c-f-273-13=’ 
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p. 

V, 

d. 

/. 

—V /dv\ 

V \dj>lTl 

T idv\ 

V [dT/p 



l=- 

50°C. 



25 

lU-l 

2-707 

25-41 

0-983 


100 

196-3 

10-27 

107-1 

0-927 


1,000 

34-10 

59-11 

2,262 

0-524 

0-5592 



f=( 

)°C. 



1 


0-08988 




25 

910-3 

2-214 

25-38 

0-985 


100 

238-6 

8^447 

106-4 

0-936 


■EH 

38-35 

52-56 

1,993 

0-686 




i=lt 

)0'’C. 



25 

1,240 

1-625 

25-31 

0-988 



322-0 

0-269 

105-2 

0-949 



46-75 

43-12 

1,696 

0-671 




1=50 

o°c. ■ 



25 

2,554 

0-7891 

26-16 

0-993 



651-7 

3-093 

102-7 

.0-972 



•79-91 

25-22 

1,312 

0-814 

0-7987 


3J= pressure in atniosplieres. 

D=volume in cubic centimetres per g,-mol. 
£i= density in grams per litre. 

/ =fugaoity in atmosplieres. 


V expansion with pressure. 

?(^)^=coo/ncicnt of expansion with temperature. 


and for Ao=0-1975 

a=-0-00506 
Bo= 0-02096 
&=-0-04369 
c=0-0504 X 10« 

For the compression of mixtures the com- 
pressibility of each actual mixture is required. 
The compregsibiliiy of binary mixtures of hydro- 
gen is treated in general terms by Kleeman (J. 
Franldin Inst. 1930, 209, 229). Mixtures suit- 
able for ammonia synthesis have been examined 
•over a very wide range of temperature and 
pressure (Bartlett, J. Amer. Chem. >Soc. 1927, 49, 
1955 ; 1928, 50, 1275 ; Deming and Shupe, ibid. 
1930, 52, 1382). 

Specific Heat. Probably the best values for 
the specifie heat of hydrogen gas at 16°C are : 


cp (cal. per g.) ... . 

. . 3-40 

Gp (cal. per g.-mol.) 

. . 6-86 

cy (cal. per g.) ... . 

. . 2-41 

Cy (cal. per g.-mol.). 

. . 4-87 

y 

. . 1-41 


The variation of Cp with temperature is given 
to mthin 1% of theoretical by the expression : 

Cp (cal. per g. mol.) 

=6'88-l-0-00006CT+0-000000279T2 

(Bryant, Ind. Eng. Chem. 1933, 25, 820). 
Similarly the variation of Cu is given by 

Cy (cal. per g. mol.) 

=4:-87-i-0-000539T+0-00000014f)T2. 

(Kemble and Van Vleck, Physical Rev. 192.3, 
[ii], 21, 653). See also Schuster (Warme, 1935, 
58, 39) ; Gumz (Feuerungstech. 1935, 23, 85) ; 


Chipman and Fontana (J. Amer. Chem. Soc. 
1936, 57, 48) ; Spencer and Justice {ibid. 1934, 
56, 2311) ; for high temperatures and pressures, 
Gclperin and Rips (ICliimstroi, 1934, 6, 465); 
for high temperatures, Brucloier (Z. anal. Chem. 
1935, 100, 281) and David and Leah (Phil. Mag. 

1934, [viij, 18, 307) ; for high pressures, Godnev 
and Sverdlin (Khimstroi, 1934, 6, 8) ; for low 
temperatures and high pressure, Gelperin and 
Rips (ibid. 1934, 6, 599); for quantum theory 
and specific heat. Van Vleck (Physical Rev. 
1926, [ii], 28, 980) ; for Cp/Cv ratio. Workman 
{ibid. 1931, [ii], 37, 1346); and for total heat 
content, Leivis and Elbe (J. Amer. Chem. Soc. 

1935, 57, 612), De Witt (Chem. Met. Eng. 1935, 
42, 333) and Taylor (Ind. Eng. Chem. 1934, 26, 
470). See also Partington and Shilling, “ The 
Specific Heats of Gases,” Benn Ltd., 1924. 

Thermal Conductivity.— The best value of 
fcx at O-O^C. is claimed to be 414 X 10“® g.-cal, 
per cm. per 1° per sec. There is, however, a 
certain amount of variation in reported values 
at 0-0°. 

423- 8x10-® (Weber, Ann. Physik. 1927, fiv], 

82, 479.) 

406-0 „ (Hercus and Laby, Phil. Mag. 

, 1927, [vii], 3, 1061.) 

413- 0 „ (Kanmiluik and Martin, Proc. 

' Roy. Soc. 1934, A. 144, 496.) 

414- 0 „ (Ulsamer, Z. Ver. dout. Ing. 1936, 

80, 637.) 

424- 5±2-9 (Nothdurft, -Ann. Phy.sik. 1937, 

Xl0-« [v], 28, 137.) 

Critical surveys are given by Ulsamer and 
also by Trautz and Ziindel (Z. tech. Phvs 1931 
12, 273). J' -5 . 
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The temperature coefficient is given by 
where A and n are constants. The 
value at 29.5-l°K is 4o9-0 X 10“® and at .593*4°K 
is 708-0 X 10-G. 

^fixtures of industrially important gases are 
considered by Ibbs and Hirst (Proc. Roy. Soc. 
1929, A, 123, 134). 

Entropy. — ^^^alues in g.-cal. per mol. per 
degree : 



-50’C. 

0°C. 

lOO'-C. 

S00“C. 

1 atm. . 

29-265 

30-648 

32-843 

37-903 

,, 

22-84 

24-24 

26-44 

31-50 

100 „ . 

20-01 

21-44 

23-66 

28-74 

1,000 „ . 

15-14 

16-67 

18-97 

24-13 


(Deming and Deming, Ph3'sical Rev. 1934, [ii], 
45, 109). 

Solubility, — The solubility of in water 
obeys Henry's law fairly closel}’’ at moderate 
temperatures and pressures. The values at 
1 atm. pressure in c.c. Hg (0°C., 760 mm.) per 
c.c. water are : 

0=C. 10=C. 20’C. 50°C. 100“C. 

0-02148 0-01955 0-01819 .0-01608 0-0160 

(Winkler, Ber. 1891, 24, 89 ; Landolt-Bornstein, 
“ Tabellen,'’ 1923, 1, 763). 

At higher pressures c.c, Hg (0°O,, 760 mm.) 
per g. water are : 


Pres- 

sure 

(atm.). 

0°C. 

1 

lO’C. 

20’C. 

50»C. 

lOO'C. 

25 

100 

1,000 

0-5363 

2-130 

18-001 

0- 4870 

1- 932 
16-623 

0- 4498 

1- 785 
15-592 

0- 4067 

1- 612 
14-404 

0- 4615 

1- 805 
15-775 


(Wiebe and Gaddy, J. Amer. Chem. Soc., 1934, 
56, 76). 

For solubility of Hg in liquid ammonia, see 
Wiebe and Tremeame, ibid. 1934, 56, 2357 ; 
for Hg and Ng in water at 25°, see Wiebe 
and Gaddy, ibid. 1935, 57, 1487 ; for Hg in 
individual hydrocarbons, see Ipatiev and Levin, 
J. Phys. Chem. U.S.S.R. 1935, 6, 632; for Hg 
in other organic solvents, see Frolich, Tauch, 
Hogan and Peer, Ind. Eng. Chem. 1931, 23, 
548, and Maxted and Moon, Trans. Faraday Soc. 
1936, 32, 769. 

Dielectric Constant , — At 0°C./1 atm. the 
dielectric constant is 1-0002697 (Mchels, Sanders 
and Schipper, Phj^sica, 1935, 2, 753). 

Spectrum. — The spectrum of hydrogen ex- 
hibits four prominent lines : t^a 6562a (red), 
4861a (greenish-blue), Hy 4340a (blue) and 
H8 4102a (indigo). The hj-drogen spectrum is 
one of the most complicated of aU, and for j 
further details and discussion, see Richardson, 
“ aiolecular Hj’^drogen and Its Spectrum,” 
Yale University Press, 1934; Sommerfeld, 
“ Atomic Structure and Spectral Lines,” 
Dutton & Co. 1935 ; Kronig, “ Band Spectra 
and Molecular Struc^re,” SlacmiUan Co., 1930 ; 
Jevons, “ Band Spectra of Diatomic Mole- 


cules,” ^^Cambridge University Press, I932. 
White, “ Introduction to Atomic Spectra,” Few 
York, 1934; Condon and Shortley, “Theory of 
Atomic Spectra,” Cambridge University Press 
1935 ; Tolansky, “Fine Structure in Line Spectra 
and Nuclear Spin,” Methuen, 1935 ; Herzberg, 
“ Atomic Spectra and Atomic Structure,” trans- 
lated by Spinks, New York, 1935; “Molekiil- 
spectren und hlolekiilstructur,” Bd, I, Dresden 
1939. 

Adsorption . — ^The development, particularly 
over the last two decades, of many catalytic 
processes in which hydrogen is employed, has 
given considerable impetus to the study of 
catalysis and has led, in its turn, to the close 
study of the adsorption of hydrogen and other 
gases on the various substances used as catalysts. 
The substances which have received most atten- 
tion are metals such as copper and nickel, metal 
oxides such as those of zinc, chromium, man- 
ganese, together with such well-known general 
adsorbents as charcoal and silica gel. Develop- 
ments in this field are summarised in Faraday 
Society’- Discussion, Trans. Faraday Soc. 1919, 
14, 173 ; 1932, 28, 129, by Wansbrough-.Jone3 
(Science Progress, 1932, 26, 398) and Gregg 
(“ Adsorption of Gases by Solids,” Methuen & 
Co., 1934). 

The existence of at least two quite different 
types of adsorption has been shown by various 
investigators. Benton and White (J. Amer. 
Chem. Soc. 1930, 52, 2325), in a study of the 
adsorption of hydrogen on copper and m'ckel, 
found that adsorption at low temperatures 
(belo-n’ — 190°C.) is small but rapid, involving a 
small heat of adsorption ; above — 190°C., with a 
maximum at — 100°C., the amounts adsorbed are 
greater, -with a high heat of adsorption. 

Similar results were obtained by Gamer and 
Kingman (Nature, 1930, 126, 352) for hydrogen 
and carbon monoxide on zinc-chromium oxides ; 
by Taylor and Williamson (J. Amer. Chem. Soc. 
1931, 53, 2168) for hydrogen on manganese 
oxides and manganese-chromium oxides; and 
by Taylor and Sickman (ibid. 1932, 54, 602) of 
hydrogen on zinc oxide. 

The concept of activated adsorption was in- 
troduced by Taylor (ibid. 1930, 52, 5298 ; 1931, 
53, 578) to differentiate the high temperature, 
high-energy type of adsorption from the 
“ molecular ” or “ Van der Waals ” type which 
occurs at lower temperatures and with small 
energy changes. Various other names have 
been suggested — “ chemical,” “ primary,^ or 
“ activated ” adsorption as against “ physical, 

“ secondary',” or “ molecular ” adsorption but 
in general the conception is the same. 

“ Activated ” adsorption proceeds with a 
measurable velocity, as if a considerable energy 
of activation is required. As show-n by Benton 
and White, for hydrogen on copper and ni^el 1 
begins around liquid-air temperatures ; with zmc 
oxTde, manganous oxide or their mixtures with 
chromium oxide, it becomes measurable between 
0 ° and 100°, whilst w-ith alumina and glass it does 
not appear -until 400°. With charcoal, tempera- 
tures of 400-530° are required (Kingman, Trans. 
Faraday Soc. 1932, 28, 269). In all cases, the 
heat of adsorption lies within the h'mits 10 da 
kg.-cal. per g.-mol. Ha adsorbed. 
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“ Molecular ” adsor 2 )liou on metal or oxide 
surfaces shows heats of adsorption of lower order, 
1-2 kg.-cal. per g.-mol. These are in close agree- 
ment with the values obtained for adsorbents 
such as charcoal, silica, etc. 

“ Activated ” and “ molecular ” adsorption 
overlap to a considerable extent, particularly at 
medium temperatures, adsorption isotherms 
being normally compounded of two super- 
imposed isotherms corresponding to the two 
different tjrpes of adsorption. 

A close correlation is found between adsorption 
of hydrogen on catalysts such as those cited 
above and the activities of these catalysts 
in hydrogenation reactions, hlixed zinc- 
chromium oxides, for example, adsorb con- 
siderably greater quantities of hydrogen than 
either oxide alone, while the mixed oxides are 
weU Imown as more active catalysts than the 
separate components for the synthesis of 
methanol (v. Vol. II, 350ff, 425c). 

From experiments over a wide range of tem- 
perature Benton (ibid. 1932, 28, 202) considers 
that three different processes occur, physical 
adsorption, activated adsorption and probably 
solubility. Ward (ibid. 1932, 28, 399) is of the 
opinion that solution alone is sufficient to 
account for all the observed facts. 

Palladium “ occludes ” hydrogen so much 
more strongly than any other metal that earlier 
researches on the phenomenon were devoted 
almost entirely to palladium and in particular 
to the precise nature of the substance or sub- 
stances formed after occlusion is complete. 
Though there is still some uncertainty, consider- 
able evidence has been accumulated indicating 
that the adsorbed hydrogen is in the atomic 
form. The equation of Sieverts, according to 
which adsorption at low pressures is practically 
proportional to the square root of the pressure, 
is usually explained by the assumption that 
hydrogen is in the atomic form. Some objec- 
tions have been raised to this interpretation 
(cf. Ward, Proc. Roy. Soc. 1931, A, 133, 531 ; 
Tammann, Z. anorg. Chem. 1930, 188, 396). 
But the strong effect of occlusion of hydrogen 
on the electronic properties of palladium, such 
as electrical resistance, magnetic susceptibility, 
colour, photo-electric sensitivity and the thermo- 
e.m.f. against alloys of palladium with silver 
and gold, aU tend to the conclusion that the 
adsorbed hydrogen is atomic (cf. Coehn and 
Specht, Z. Physik, 193,0, 62, 1). 

The fact that, while palladium adsorbs hydro- 
gen with ease during electrolysis, adsorption in 
the gas phase depends very considerably on the 
previous history of the metal, is now explained 
by the assumption that hydrogen can only enter 
the metal lattice as atoms. In electrolysis 
hydrogen atoms are produced directly ; in 
adsorption from the gas phase the molecules 
must first dissociate on the adsorbing surface, 
and according as the surface is more or less 
poisoned, so wiU its catalytic activity in the 
reaction Hg ~>2H be less or greater. Evidence 
has been brought fom^ard by Smith and Derge 
(Trans. Electrochem. Soc. 1934, 66, 26) that 
occlusion occurs in the intergranular fissures, 
rather than on the grain faces. 

The heat of occlusion is about 9 kg.-cal. per 
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g.-mol. Hg (Gillespie and Hall, J. Amer. Chem. 
Soc._ 1926, 48, 1207). 

Liquid Hydrogen. — The boiling-point of 
hydrogen is 20-37 °k. (i.e. — 252-81°C.) at 1 atm. 
(Blue and Hicks, J. Amer. Chem. Soc. 1937, 59, 
1962). The molecular heat of vaporisation 
=219-7 — 0-27(T — 16-6)^ g.-cal. per g.-mol. 
(Simon and Lange, Z. Physik. 1923, 15, 312). 
The vapour pressure of liquid h 3 'drogen is given 

by 

logPHj (mm.) = -37-7882(l/T)-}-l-75 log T 

+ 0-0023127T-f 2-39078 

(Henning, ibid. 1927, 40, 775; Henning and 
Otto, Physikal. Z. 1936, 37, 633). The molar 
heat capacity of liquid hydrogen is 0-33-f0-206T 
(Simon and Lange, l.c.). 

The density of the hquid 

=0-084404-223 x 10 -®Tk-21-S3 x IO-sT^k- 

(Int. Grit. Tables), i.e. 0-07085 at the boiling- 
point, and 0-07709 at the triple point. 

Liquefaction of hydrogen is worked on the 
Linde principle (see below), and liquid hydrogen 
has been increasingly used recently in research 
work. Simple forms of apparatus for its 
preparation are described by Ruhemann (Z. 
Physik, 1930, 65, 67), Keyes, Gerry and Hicks 
(J. Amer. Chem. Soc. 1937, 59, 1426) and Ahl- 
herg, Estermann and Limdherg (Rev. Sci. Instr. 
1937, 8, 422). 

Solid Hydrogen. — The melting-point of 
hydrogen is 14-13 °k. (Henning, Z. Physik, 1927, 
40, 775). The triple point is 13-94 °k. (Blue and 
Hicks, J. Amer. Chem. Soc. 1937, 59, 1962). 
The critical data are : temperature 33-25 °k., 
pressure 12-80 atm., density 0-3102 g. per c.c. 
(Woolsey, ibid. 1937, 59, 1677). 

Solid hydrogen has a density of 0-0890 
±0-0004 at 4-2 °k. (Megaw and Simon, Nature, 
1936, 138,242 ,- Megaw, Phil. Mag. 1939, [vii], 28, 
129); 0-08077 at II-2 '’k. and 0-0763 at 13-3 °k. 
(Int. Grit. Tables). 

Solid hydrogen is formed by pumping off 
liquid hydrogen. 

CiiEjncAL Reactions. 

The heats of reaction given refer to kilogram 
cal. (16°C.) per g. mol. at 0°C., 1 atm. pressure ; a 
positive sign is given to values of AH and AF 
to represent endothermic reactions and a 
negative sign to represent exothermic reactions. 

Dissociation . — ^At high temperatures Hg dis- 
sociates into atoms : 

log 1-765 logioT-9-85 x IQ-^T 

-0-256, e.ff. : 

The degree of dissociation at 1 atm. is : 

2-56 X 10-34 at 300 °k. 

1-22 X 10-3 at 2,000 °k. 

0-9469 at 5,000 °k. 

0-9996 at 10,000°K. 

(Langmuir, J. Amer. Chem. Soc. 1912, 34, 1310 - 
1914, 36, 1708; 1915, 37, 417; 1916, 38, 1145; 
Ind. Eng. Chem. 1927, 19, 667). . 

The heat of dissociation is 102-72 according to 
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Beutler (Z. physikal. Ghem. 1935, B, 29, 316), 
and 103-680 according to Poole (Proc. Roy. Soc. 
1937, A, 163, 404). The reaction is endothermic. 

The following free energy equation was pro- 
visionally put forward by Lewis and Randall, 
“ Thermodynamics and the Free Energy of 
Chemical Substances,” IMcGraw HiU Book Co., 
1923, p. 471. 

aP= 81,000-3-5T log T-f 0-00045T2-i-l-17T. 

A more recent expression is given by E. N. 
Erjemm (Acta Physicochim. U.R.S.S. 1935, 3, 
147), 

aE= 102,000-7-185T log T-b0-000033T2 

-fO-0000000465T3-2-332T 

Halogens. — ^The afSnity of hydrogen for the 
halogens decreases on passing from F to I, as 
indicated by the following data. 

Heats of Formation : 

HF(g.) A H=— 64-45 Von Wartenburg and 

Schutza (Z. anorg. 
Chem. 1932, 206, 65). 
HCI(g.) aH=— 22-0 International Critical 

Tables. 

HBr(g-) aH— -8-5 Ditto. 

Hl{g.) aH= -^6•0 Ditto. 

Equilibrium Constants. — 2HX^ Hj-fXg. 

X=C1, log Zj,=(-9586/T)-f 0-440 log T-2-16 
(Wohl and Kadow, Z. physikal. Chem. 1925, 
118, 460). 

X=Br, log X;p=(-5223/T)-b0-553 log T-2-72 
(Nemst, Z, Elektrochem. 1909, 15, 691). 

X=I, log A'p=(-540-4/T)-f-0-503 log T-2-35 
(Von Ealckenstein, Z. physikal. Chem. 1910, 68, 
270; 72, 113). j 

The heats of activation of the reactions j 
X-}- Hg and H-fXg are as follows : 


Cl-f Hg-^HCl-f H . . . . 

... 6-0 

Br-f Hg-^HBr-i-H . . . . 

. . . 17-7 

l-bHa-^Hl-fH 

. . . 33-0 

H-fCl2->HCl-bCl . . . . 

... 3-0 

H-}- Br2 — • - 

... 1-0 



... 0 


(Morris and Pease, J. Chem. Physics, 1935, 3, 
796), and for the reactions Xg-b Hg ; 

Br2-rH2 .... 40 

(Semenoff, “ Chemical Kinetics and CTiain 
Reactions,” Clarendon Press, Oxford, 1935, 
p. 140), 

^2+^2 

(Bdnshelwood, “ Kinetics of Cliemical Change 
in Gaseous Systems,” Clarendon Press, Oxford, 
1933, p. 79). 

Hydrogen and fluorine combine explosively 
under all conditions, even in the dark at — 2.52’C. 
Hydrogen and chlorine readily combine (ex- 
plosively tmder some conditions), either light or 
heat inducing the reaction. Both the thermal 
and photochemical reactions are also known for 
hydrogen and bromine (explosive under some 
conditions). In the reaction between hydrogen 
and iodine, only the thermal reaction has been 
obseived. 

The reaction, between hydrogen and chlorine 
has received e^austive study, and has played 


a very important role in the development of the 
theoiy of chain reactions. Accordihg to Nemst 
the reaction proceeds through the absorption of 
a quantum of light by the Clg molecule : 

Cig-f'hr -> Ci+CI 
Ci-hH2 -> HCI-bH 
H-bClg^ HCI-bCI 
Cl-bH2-> HCI+H 
etc. 

The reaction is provoked by light or heat ; 
there may be a long induction period, due to the 
formation of NCIg (from nitrogenous im- 
purities) and persisting until this inhibitor dis- 
appears ; the quantum yield is very high (up 
to 10® molecules HCl per quantum of h'ght); 
traces of moisture are claimed to be essential. 
The relationships of rate with light intensity, 
CI 2 , H 2 and Oo pressures are given by the 
formula : 

d[HCl] 2hfL\CU[Hf\ 
dt 

I=intensity of the light. 

See Semenoff {op. cit.) and Binshelwood [op. 
cit.). Hg-fFg, Eyring and Kassel (J. Amer. 
Chem. Soc. 1933, 55, 2976); Bodenstein and 
Jockusch (Sitzungber. Preuss. Akad. Wiss. 
Berlin, Phys. Math. Klasse, 1934, 27; Amer. 
Chem. Abstr. 1934, 28, 2978). Hg-i-Clj, 
Semenov (J. Phys. Chem. U.S.S.R., 1933, 4, 4); 
Gotsky and Gunther (Z, physikal. Chem. 1934, 
B, 26, 373) ; Griffiths and Norrish (Proc. Boy. 
Soc. 1934, A, 147, 140).. Hg-fBrg and 
H 2-1-1 2 , Bodenstein (Helv. Chim. Acta, 1935, 
18, 743). 

Oxygen. — The heat of formation of water 
measured at 25° and at a constant pressure of 
1 atm. is : 


H 2 (g-)+i02 (g-) = H20 (1.), 

AH^-68-313 kg.-cal. (15°) per g.-mol. 


(Rossini, Bur. Stand. J. Res. 1931, 6, 1; Proc. 
Nat. Acad. Sci. 1930, 16, 694). 

Taking HgO (l.)=H20 (g.), c 

AH=-{-9-721 kg.-caL (15°) per g.-mol. (Intern. 
Grit. Tables); (g.)-bi02 (g.)=H20 (g-), 
aH=— 57-592 kg.-cal. (15°) per g.-mol. 

The equilibrium for 2 H 2 O ^ 2H2-f02’ 
given by 


Kc=(-24900/T)-f 1-335 log T-9-6o X 


(Siegel, Z. physikal. Chem. 1914, 87, 659). 
Equilibrium constants for the reactions : 

H2=2H; O 2 - 2 O; 




HzO^Hz-h 




H„0=H-b0H 


are given by Zeise (Z. Elektrochem. 193/, 43, 
704). 

According to Haber’s view the reaction 
proceeds : 

H2-r02->20H . - 1. 

OH-fH2-^H20-bH . 2. 

H-f Og-f H2->H20+0H 3. 
etc. 
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Hinslrelwood proposed the initial formation of 
HjOj. Owing to the equilibrium H202^20H, 
the views may not bo irreconcilable. 

At temperatures below about 550°C. the rate of 
reaction is moderately slow and bears no unusual 
relationship to pressure. Above this tempera- 
ture, however, the rate of combination of a given 
mixture of Hg and Og increases gradually with 
pressure exhibiting a regular curve, Until a 
pressure is reached at which the reaction pro- 
ceeds explosively. The explosive reaction occurs 
over a certain range of pressure, above which the 
slow reaction reappears and proceeds, with in- 
crease in pressure, at rates which are a continua- 
tion of the interrupted curve. Finally the rate 
reaches a value comparable with the rate of the 
explosive reaction. 

The explosion is due to the fact that, whereas 
normally the reaction proceeds according to 
the chain, branching occurs in the explosive 
reaction, in particular : 

H-hOa-^OH-t-O . . 4. 

O+Hg-^OH-hH . . 5. 

Thxis both products of the first branching (4) 
are capable of giving rise to fresh chains. 

The probability of the branching reaction 
occurring is given by 

. 2-5X10VH/RT 


where U is the energy of activation of reaction 
(4) and is equal to about 27'8 (Semenoff, l.c. See 
also Kontorova and Nalbandyan, Physikal Z. 
Sovietunion, 1933, 4, 758). 

The lower pressure limit of explosion is deter- 
mined by the de-activation of the chains at the 
stirface of the vessel; the upper limit by the 
de-activation in the gas phase (u. Explosions, 
Gaseous). 

At 550°C. the lower explosive limit is a few 
mm. pressure, whilst the upper limit is about 
100 mm. 

These limits vary according to many factors. 
The lower limit, immediately above the mini- 
mum temperature, is decreased by rise in 
temperature, but subsequently remains indepen- 
dent of temperature. The upper limit is in- 
creased regularly by increase in temperature. 

Ratios of H 2 /O 2 far removed from 2;1 narrow 
the explosive ranges. The optimum ratio 
requires the oxygen to be in slight excess 
(Mitscherhch, Z. anorg. Chem. 1916, 98, 145). 

Inert gases tend to buffer the chains in their 
approach to the walls where they would be 
de-activated. They thus lower the lower limit 
and also somewhat lower the upper limit. 

A decrease in the size of vessel raises the lower 
limit but is without effect on the upper limit. 

The halogens lower both limits and if present 
in sufficient quantity prevent the explosion alto- 
gether (Hinshelwood and Garstang, Z. physikal. 
Chem., Bodenstein Festband, 1931, 656). Tri- 
chloroethylene, tin tetramethyl, dimethyl sele- 
nide and telluride and ethyl bromide can also be 
used to suppress the reaction (Tanaka and Nagai, 
Broc. Imp. Acad. Tokyo, 1929, 5, 80, 418, 422, 
etc.). 
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The limits of inflammability of Hg are given 
in the U.S. Dept. Int. Bulletin 279 : 

Lower. Upper. 
HainOa . . 4% 94% 

Hginair. . . 4% 74% 

Bibliography. — Hinshelwood, “ Kinetics of 
Chemical Change',” Oxford, Clarendon Press, 
1940 ; Hinshelwood and Williamson, “ The 
Reaction between Hydrogen and Oxygen,” 
Clarendon Press, Oxford, 1934 ; Semenoff, 
“ Chemical Kinetics and Chain Reactions,” 
Oxford Clarendon Press, 1935. 

Sulphur, Selenium, Tellurium. — Combina- 
tion with H 2 takes place less readily on passing 
from S to Te. The heats of reaction (Inter- 
national Critical Tables) are : 

Hg-I-S -^H 2 S(g.); aH=— 5-3 (exothermic) 
Hg-fSe H 2 Se(g.) ; AH=-f 15-8 (endother- 
j mic) 

Hj-fTe ->• HaTeig.) ; AJ/=-t-34-5 (endother- 
mic) 

The equilibrium for the reaction 

2H2S^2H2-1-S2 
is : 

°C. . . . 750 830 945 1,065 1,132 

KpXlO^ . 0-89 3-8 ■ 24-5 118 260 

(Preuner and Sehupp, Z. physikal. Chem. 1909, 
68, 157). 

The heat of activation is about 43 kg.-cal. 

The kinetics of the reaction have been studied 
by Cook and Robinson (J.C.S. 1936, 454). See 
also Jones and Sherman (J. Chem. Physics, 
1937, 5, 375). 

Nitrogen. — ^The direct reaction between Hg 
and Ng is of immense industrial importance 
{v. Aatmonia, Vol. I, pp. 332-338). 

"‘For the reaction PNHg^SHg-l-Ng, 

log irj,=(2098-2/T)-2-509 log T-1-006 X lO-^T 

-t-l-859xl0-’T2-i-2-10 

(Haber, Z. Elektrochem. 1914, 20, 603). For 
high pressures the values determined by Larson 
(J. Amer. Chem. 1924,46,367) are more accurate. 

The heat of the reaction is given by the 
equation : 

iN2(g.)-l-3/2H2(g.)=NH3(g.)-{- 10-95 kg.-cal. 

(Haber, Tamaru and Oeholm, Z. Elektrochem. 
1915, 21, 206) ; for the heat of reaction at higher 
temperatures, see HaberandTamaru(i5id.p. 191). 

The heat of activation of the homogeneous 
reaction is extremely high and only the hetero- 
geneous reaction is important for the formation 
,of NH 3 , in which case the heat of activation 
depends upon the particular catalyst. 

The best catalysts are reduced Fe promoted 
by oxides such as AlgOg, in addition to KgO 
(Larson, Ind. Eng. Chem. 1924, 16, 1002). 
S and O compounds poison the catalyst. 

The reaction probably proceeds through the 
following mechanism : (i) N 2 is adsorbed on the 
catalyst and is activated or even dissociated, 
(ii) Hg is similarly adsorbed and forms N H with 
the N, (iii) N H is reduced by molecular Hg to 
NHg (Frankenburger, Z. Elektrochem. 1933, 
39, 45, 97, 269). 
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Since the mechanism is incompletely \mder- 
stood, no kinetic expression is entirely satis- 
factory but the arbitrary formula of Benton 
(Ind. Eng, Chem. 1927, 19, 494) agrees with the 
experimental data over a wide range, 

X 3P2/giS 
t 

X = volume fraction of NHg formed. 

t =time of passage over catalyst, 

P =total pressure, 

=velocity constant of synthesis reaction, 
S =constant depending on catalyst. 

a = constant depending on temperature. 

Pnhs =partial pressure of N Hg. 

Phosphorus, etc. — ^Nascent hydrogen reacts 
with the elements to give PHg, AsH^, SbHg 
and BiHg as well as lower hydrides. The heat 
of formation (Ephraim, “ Inorganic Chemistry,” 
Gurney and Jackson, 1939), 

PHg, aH==— 11-6 (exothermic) 

AsHg, AH=-j-36-7 (endothermic) 

SbHg, AH^-J- 81*8 (endothermic) 

indicate the usual decrease in affinity on passing 
down the group. 

Carbon . — Pure carbon does not react readily 
with Hg, but at high temperatures, especially if 
catalysed by Co or Ni, reaction occurs to an 
appreciable extent 

C(amorph)+ 2 H 2 -> CH4-|-21'7 kg.-cal. 

(see Riley, Phil. Mag. 1924, [vi], 48, 126). 

The equilibrium constant 7f=[CH4]/[H2]- 
may be calculated from the data of Pring and 
Fairlie (J.C.S, 1912, 101, 91). 

T (° absolute) : 

823 - 1,473 1,548 1,573 1,648 

K: 

0-64 0-00244 0-00147 0-00146 0-00100 

This equilibrium is discussed fuUy by Gordon 
and Barnes (J, Physical. Chem. 1932, 36, 2601), 

Carbon Dioxide. — 

(a) COg-i-Hg-^CO-f HgO 
aH=- 1-10-1 (endothermic). 

Kp : log Xj,=(-2150/T)-l-8 x 10-7T2-f 2-2 
(Neumann and Kohler, Z. Elektrochem. 
1928, 34, 218 ; also Scheibel, Monatsh. 
1931, 58, 183 ; Kassel, J. Amer. Chem. 
Soc, 1934, 56, 1838 ; see also Gas, 
Water). 

{b) COg-f- Hg — > HCOOH (see Bredig, Carter 
and Enderli, Monatsh. 1929, 53/54, 
1023). 

Carbon Monoxide. — Carbon monoxide and 
hydrogen react under varying conditions of con- 
centration, pressure, temperature, catalyst and 
purity to give a great variety of products, many 
of which are of the greatest importance. The 
following are known reactions, though not neces- 
sarily representing the reaction mechanism : 

(a) C 0 -fH 2 ->C-}-H 20 (g.). 

Ai?i —31-4 (exothermic). The reverse of 
this reaction is, of course, the basis of 
water-gas production {v. Gas, Water), 


(b) 2CO-l-2H2->CH4-fC02. 

aH : -61-8 (exothermic). 

'AF : -56,9504- 15-075ThiT-0-01078T2 

-I-0-00000031T3-30-34T (D. F. Smith 
Ind. Eng. Chem. 1927, 19, 801). ’ 

Kp: 1/log Kp=(-57,903/4-573T)-{-13-875 
(Fischer and Pichler, Brennstoff-Chem., 

, 1931, 12, 365 ; Schmidt and Neumann, 
Z. Elektrochem. 1932, 38, 925 ; Ghosh, 
Chakravarty and Bakshi; Z. anorg. 
Chem. 1934, 217, 277). 

(c) CO-f Hg-^HCHO. 
aH : —2-0 (exothermic). 

Kp : log /ir2,=(l,710/4-573T)-5-431 (New- 
ton and Dodge, J. Amer. Chem. Soc. 
1933, 55, 4747). 

{d) CO-l-2H2-^CHg-OH(g.). 

Ali: -33-6 (exothermic). 

AF: -20,857-f-17-88TZ7iT-0-01423P 

— 64-04T (Smith, l.c.). 

Kp : log X^=(17,030/4-573T)-9-12931ogT 
4- 0-00308T-1- 13-412 (Newton and Bodge, 
J. Amer. Chem. Soc. 1934, 56, 1287; 
Fracasso, LTnd. chimica, 1934, 9, 293). 
(e) 2CO4-4H2^C2H5-OH(g.)4-H20(g.). 
aH ; -70-8 (exothermic), 
aF : - 55,190 4- 24-72TfeT 4- 0-0145T2 

-0-00000037T3-60-74T (Smith, l.c.). 

(/)mCO4-2jiH2->C„H2„+i-OH4-(?i- 1)H20. 
(!7) C04-3H2-^CH4-f-.H20(g.). 

aH : 4-51-6 (endothermic), 
aF: -46,8504- 13-265TlnT-0-00633P 

-0-00000037T3-31-60T (Smith, l.c.). 
Kp:°K 673 703 723 744 763 

l/-logX;p3-74 3-02 2-56 2-12 1-72 
(Ghosh, Chakravarty and Bakshi, Z. 
anorg. Chem, 1934, 217, 277 ; see also 
Kubelka and Wenzel, Metallborse, 1931, 
21, 1227, 1275, 1372, 1421). 

(70 2C04-5H2->C2Hg4-2H20(g.). 
aH —88-1 (exothermic). ■ 

AF: - 81,2224- 14-46T7wT4-0-01855T“ 

-0-00001207T34-0-70T (Smith, l.c.). 

{i) 7iCO-4-(2?74-l)H2 -> C}jH2n+24-Jiki20- 

The equihbrium relationships given have been 
determined experimentally and these are niore 
accurate than those calculated from the free 
energy relationship quoted. 

Since nearly aU these reactions are exothermic 
the product depends not so much on the tempera- 
ture as on the pressure and particularly on the 
catalyst. In general, hydrocarbons are formed 
over Vin group metal catalysts. The products 
range from methane to liqm'd hydrocarbons as 
in the Fischer process (Fischer, Brennstolf-Chem. 
1935, 16, 1 ; Underwood, Ind. Eng. Chem. 194d, 
32, 449), or to solid waxes of high 
weight (Pichler, Brennstoff-Chem. 1938, 19, 22h)- 
In most instances the reactions are conducte 
at atmospheric pressure. For a discussion of t e 
mechanism, see Herington and Woodward (Traus. 
Faraday Soc. 1939, 35, 958) ; Craxford (ibul- 
1939,35,946). „ ^ , 

On the other hand, methanol is usually forme 
over catalysts such as Zn, Cr, almost invanab y 
at high pressures (Smith and Hirst, Ind. Eng. 
Chem. 1930, 22, 1037; Z. angew. Chem. 192i, 
40, 166 ; Pier, Oel u. Kohle, 1933, 1, 47). By 
modihcation of the catalyst, for instance by tlie 
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addition of I, VII or VIII group metals, higher 
primary alcohols are also produced (Graves, Ind. 
Eng. Chem. 1931, 23, 1381). For the mechanism 
of these reactions/ see Frolich and Cjyder {ibid. 
1930, 22, 1051), Morgan, Taylor and'Hedley 
(J.S.C.I. 1928, 47, 117T). 

Hydrocarbons. — ^Reactions of this type in- 
eluding both the for\yard and the reverse re- 
actions are very numerous and verj' important. 
The following simple types serve merely as 
examples. 

(a) 

Ahf : — 21‘4 (exothermic). 

Kp : 1/log h:=-27,798/4-573T-i-2-01 log T 
— o 471 (Frey and Huppke, Ind. Eng. 
Chem. 1933, 25, 54). 

{b) CoHe+Ho-^CaHg. 

aH: =— 21-7 (exothermic). 

Kp: 1/log Jfp=-26,920/4-573T-b2-01 log 
T-{- 0-047 (Frey and Huppke, l.c.). 

(c) CgHg-f 3H2 — > CqHi 2. 

aH : =—21-6 (exothermic). 

Kp : log Z;,=43,850/4-573T-9-91 94 log T 
4-2-285 X 10~^T-t- 8-666 (Sharkdwa and 
Frost, Chem. Zentr. 1933, 1, 726).^ 

Metals of the VIII group are frequent^, 
though by no means exclusively, used as 
catalysts. See Egloff, “ Reactions of Pure 
Hydrocarbons,’’ Rheinhold Pub. Corp., 1937, 
and Hurd, “ The Pyrolysis of Carbon Com- 
pounds,” Chem. Cat. Co., 1929 (see also this Vol. 
Hydkosenation of Coae). 

Silicon, Boron. — ^Direct combination, 

Si-i-2H2 Si H 4, 

occurs at very high temperatures, though the 
usual method of formation of silanes is by the 
acid decomposition of magnesium silicide. The 
silanes comprise a series SiH4 to SigH44. 

Boron and hydrogen do not react, even at high 
temperatures. The boron hydrides are formed 
by the action of acid on magnesium boride {v. 
Boeon, Vol. II, 40d). 

Alkali Metals, etc. — The alkali metals, the 
alkaline earth metals (excluding Be and Mg), 
and many of the rare earth metals react directly 
with hydrogen, particularly with atomic hydro- 
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gen, to give solid salt-like hydrides, in which the 
hydrogen is the anion. 

Metal-Hydrogen Alloys. — The direct re- 
action of the above type gradually merges into 
another type in which the hydrogen is held in 
an atomic state, as an aUoy rather than as a 
compound. “ Copper hj^dride,” for instance, is 
intermediate between the two types, and there 
has been much discussion as to whether or not 
it is a true hydride. Most metals take up some 
hydrogen, but particularly the rare earths (some 
of which maybe regarded as forming salts), Th, 
U, V, Nb, Ta, Cr, Mn, Fe, Co, Ni, Pt, Cu, 
and especially Pd. The alloys are metallic in 
nature; the solubility of Hj is increased by 
pressure, but the effect of temperature depends 
on the metal. For further details, see pajiers by 
Sieverts, e.g. Stahl u. Eisen, 1914, 34, 262 ; Z. 
physikal. Chem. 1907, 60, 139, 151, 169, 184; 
Z. angew. Chem. 1929, 21, 37 ; Z. physikal. 
Chem. 1935, 174, 359; 1937, 180, 249; B, 
38, 46. 

The hydrides of the elements are classified by 
Paneth (Ber. 1920, 53 [BJ, 1710) into {a) those 
in groups 1-4 positions before an inert gas in the 
periodic system and also boron, wliich form 
gaseous hydrides. Here the H is normally 
linked covalently but, in some instances, e.g. 
HCI in solution, it is ionised as a cation, and in 
the boron hydrides some of the hydrogen atoms 
are linked by a singlet bond. (6) Compounds 
which are like alloys, e.g. hydrogen — palladium, 
(e) Field valency compounds, comprising the 
compounds rvith Fe and Ni which are usually 
classed under (b). (d) Salt hydrides, e.g. KH 
Avhere the H is negatively ionised. 

Metallic Oxides. — Metallic oxides tend to 
be reduced by Hg to the metal. The process 
occurs readily with oxides of metals low in the 
electrometric series, where the heat of reduction 
is considerable and where the necessary tempera- 
ture is low. On ascending the series, however, 
the reaction becomes more and more strongly 
endothermic and the requisite temperature 
increasingly higher. 

In the following list, T (the minimum tempera- 
ture for reduction) refere to reduction to the 
metal. Reduction of highly oxidised to less 


Metal. 

T. 

AH. 

Sr 

* • 


Electric spark. 

-f 83-2 (SrO) 

(endothermic) 

Th 

• * 


1,100° C. 15 atm. 

-)-]07-7 (ThOg) 


A1 

• 9 


2,800° 

4-73-9 (AI2O3) 


Mn 

• « 


1,300° 

4-33-0 (MnO) 


2n 

• • 


454° 

4-26-5 (ZnO) 


Cr 

• • 


1,000° 

4-31-2 (Cr203) 


W 

• • 


1,100° 

4-5-9 {WO2) 


Fe 

• • 


306° 

4-6-2 (FeO) 


Cd 



300° 

4-7-6 (CdO) 

99 

Co 

• • 


228° 

-0-2 (CoO) 

(exothermic) 

Ni 

• • 


270° 

{Ni20) 

— 

Pb 

• • 


235° 

-6-3 (PbO) 

(exothermic) 

Bi 

• • 


300°-310° 

(BiO) 


Cu 

• • 


155° 

-22-9 (CuO) 



* • 


100° 

-50-8 (AggO) 

99 

Hg 

• • 

• • • • 

80° 

-36-3 (Hg20) 


Pd 

• - 

• • • • 

Without heating. 

-36-3 (PdO) 

99 


1 
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oxidised oxides occurs at lower temperatures. 
These data are collected from Gmelin, “ Hand- 
buch der anorganishen Chemie,” Aufl. 8, System 
No. 2. The heats of reduction {AH) are calculated 
from International Critical Tables V, and refer to 
reduction at 18°, 1 atm., per mol. of HnO formed. 

For further data, see references given above for 
“ Reduction of Water.” 


Active Hydrogen. 

Many methods have been given in the litera- 
ture for preparing active modifications of 
hydrogen, since the original experiments of 
Wendt and Landauer (J. Araer. Chem. Soc. 1920, 
42, 930). In these experiments bombardment 
■with X-rays, high potential electrical discharge, 
the corona discharge and the ordinary ozoniser 
were used, all with positive results. 

Other authors have found the following 
methods effective : desorption from platinum or 
palladium, or diffusion through a closed pal- 
ladium tube heated at temperatures up to 800°C.; 
the action of water and heat on metallic hydrides, 
of acids on metallic magnesium under certain 
conditions; continuous combustion of oxygen 
and hydrogen on platinum ; electrolysis ; elec- 
tronic bombardment in a thermionic tube ; 
activation by excited mercury atoms (Venka- 
taramaiah and co-workers, Chem. News, 1922, 
124, 323 ; J. Amer. Chem. Soc. 1923, 45, 261 ; 
Nature, 1923, 112, 57 ; Anderson, J.C.Sl 1922, 
121, 1153; Grubb, Natme, 1923, 111, 671; 
Stead and Trevelyan, Brit. Assoc. Rep. 1923, 
425 ; Taylor and Marshall, J. Physical Chem. 
1925, 29, 1140; Bonhoeffer and co-workers, 
Z. physikal. Chem. 1924, 113, 199 ; 1924, 113, 
422 ; Z. Elektrochem. 1925, 31, 521). 

Of the methods described, some are not above 
suspicion. According to Scana-ry-Grigoriewa 
(Z. anorg. Chem. 1926, 159, 55) positive restdts 
with glo-vviog platinum capillaries are probably 
due to adsorption of HgS from the air (c/. also 
Paneth and co-workers, Z. Elektrochem. 1927, 
33, 102 ; Copaux, Chim. et. ind. 1930, 23, 267). 

In general, the active hydrogen produced by 
these various methods- reduces S, Se, Ye, P 
and Sb to their hydrides. Most of these re- 
actions have been studied in some detail by 
Bagdasaryam (J. Phys. Chem. U.S.S.B. 1937, 
10 389, 401). Many metallic oxides, e.g. those 
of W and Cu, are reduced to the metal (Bag- 
dasaryam, ibid. 1935, 16, 1033). Active hydro- 
gen also reduces ethylene, carbon monoxide and 
oxygen (forming some forinaldehyde ■svith carbon 
monoxide), and reacts ■with nitrogen to form 
ammonia. It does not follow, however, that 
these reactions are general for active hydrogen 
produced by each of the various methods given. 

The active hydrogen produced by X-ray or 
./.F^tronic bombardment, or by electric discharge, 

ptsVesses in all cases t 

Wendt and Landauer>, ^ definite volume 

removed by its formation (Stead 

contraction is noticeable ^ co-workcm, 

and Trevelyan, l.c ; :^nhv ],owever (Z. 

he). Accortog to aedej^g’ 
physikal. Chem. 1931, 153,^ ^ mixture of 

properties are characteristic “active” or 
silicon hydrides, and all sue 


“ triatomic ” hydrogen may be either H„S 
or silicon hydrides— or a mixture of both. ■■ 

For more comprehensive descriptions of the 
reactions of active hydrogen, - see Harteck and 
Roeder (Z. Elektrochem. 1936, 42, 536— re- 
actions in aqueous solution), Bagdasarj-am 
(Uspeklii Khim. 1936, 5, 39) and particularly 
Geib (Ergebn. exakt. Naturwiss. 1936, 15, 39). 

Wendt and Landauer (he.) consider the 
properties to be those of triatomic hydrogen, 
but, although the existence of the ion is 
probably beyond dispute, there is as yet no 
definite evidence of the existence of neutral Hj 
(Paneth and co-workers, l.c.}. 

It appears probable that hydrogen activated 
by the electric discharge is' monatomic, not tri- 
atomic. If a long, vdde discharge tube is used 
at low pressures, as sho^wn by Wood (Phil. 
Mag. 1921, [vii], 43, 729), the secondary spectrum, 
characteristic of molecular hydrogen, is confined 
to the ends of the tube, and the centre of the 
tube gives only the Balmer series, characteristic 
of atomic hydrogen. If the hydrogen is dry, the 
Bahner series is suppressed. Experiments by 
Boehm and Bonhoefer (l.c.) have demonstrated 
fairly conclusively that this active form is atomic 
hydrogen. The bulb of a thermometer moistened 
with a salt solution, and held in the gas stream, 
shows a rise in temperature, due to the re- 
formation of molecular hydrogen. The for- 
mation of HgOg with oxygen, and HCHO with 
carbon monoxide, suggest the presence of free 
atoms, whUe the immediate destruction of the 
active form by HCi, HBr, etc., is thought to be 
due to the reaction H-f HCI=H 2 -f Cl. It has 
been shown, however, that hydrogen e.xposed to 
electronic bombardment will reduce copper oxide 
in the cold as soon as the potential apphed to the 
electrons exceeds 11-4 volts. This is exactly the 
first resonance potential of the hydrogen 
cule, and it is therefore possible that “ excited 
molecules may form a part of “ active ” hydrogen 
(Glockner, Baxter and Dalton, J. Amer. Chem. 
Soc. 1927, 49, 58). ' 

One form of “ active ” hydrogen is beymnd 
doubt atomic. This form, the discovery of v'hicli 
is due to Langmuir, is produced by' an in- 
candescent tungsten filament heated above 
1,300°k. in an atmosphere of hydrogen, or by 
an electric discharge between tungsten elec- 
trodes (Langmuir, ibid. 1912, 34, 1310; 191L 
36, 1708; 1915, 37, 417; 1916, 38, 1145; Ind. 
Eng. Chem. 1927, 19, 667). 

The abnormal rate at which heat is conducted 
from such a filament at temperatures aboic 
1,700°K. (the heat carried away is proportional 
to for most gases and for hydrogen np 
1,700°k., but increases more rapidly above this 
temperature imtil at 2,600°k. and above, it is 
proportional to T®) led to the conclusion that 
strong dissociation of Hg must take place under 
such conditions. ' . 

Data at higher pressures have demon.strafcd 
conclusively that atomic hydrogen H, and no 
Hjj, is responsible for the abnormal conductivity 
effect. 

Atomic hy'di’ogen produced by the Langmuir 
method reacts rapidly with oxygen at room tem- 
peratures and slowly even at liquid-air tempera- 
tures. It reduces oxides of tungsten, copjicr, 
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iron (Fe 203 ) and zinc. No atomic liydrogen, 
however, jiasses through a trap cooled in liquid 
air. Ethylene is decomposed to form acet^dene, 
benzene and' other hydrocarbons being formed 
in smaller quantity '(Yon AVartenberg and 
Schultze, Z. phj'sikal. Chem. 1929, B. 2, 1 ; 
Bonhoeffer and Harteek, ibid. 1928, 139, 64). 
The life of atomic hydrogen is short, the half- 
period being about 1 second (Bav and Steiner, 
ibid.'l929, B, 2, 146). 

The Stkucthke of Htdeogex Atoms ajxd 
Moleccxes. . 

The hj’drogen (prbtium) atom consists of a 
single proton, around wliich a single electron 
revolves in an elliptical orbit. A’ariation can 
occur in the size of the orbit, but only dis- 
continuously, i.e. there is a finite number of 
possible orbits. The condition prevailing when 
the electron is revolving in a given orbit is a 
• “ stationary state ” ; no energy changes occur and 
the coulomb force between the electrical charges 
is balanced by the centrifugal force due to the 
inertia of the electron. 

The stationary states may be numbered 1, 
2, 3 ... » outwards from the nucleus, and are 
characterised by the fact that in them the elec- 
tron bears 1, 2, 3 ... n quanta of energy, 
respectively. Thus the energy of the electron 
at the ?!th orbit, E— 7?hi’. 

n is an integer denoting the particular orbit. 

h=Planck’s constant = 6-554 x 10"-' erg- 
seconds. 

v=the frequency of rotation. 

On transferring from one orbit to another, say 
from the first to the second, an energy change 
occurs. 

Ej^— E2=hr 

Some of the characteristics of the stationary 
states for hydrogen are : 


Quantmn 

nmnber. 

Radius. 

Frequency 
of revo- 
lution. 

■Work of 
removal. 

Telocity 
In orbit. 

1 

1 

1 

1 

1 

2 

4 ; 

1/8 

1/4 

1/2 

3 

9 

1/27 I 

1/9 

1/3 

4 

16 

1/64 i 

1/16 

1/i 

n 

7i2 

71-3 

n~~ 



The work of removal of the electron from the 
nth orbit to infinity is thus proportional to n~^, 
i.e. 


where E is a constant. 

The energy radiated when the electron jumps 
from the 7!th orbit is 
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AYhen n=l and n^=2, 3, 4 . . . the resulting 
series of spectrum lines constitutes the Lyman 
Series; when n=2 and Jii=3, 4, 5 . . . the 
Balraer Series occurs; when 7;=3 and 77^=4, 5, 
6 . . . the Paschcn Series occurs; and when 
71=4 and 77j=5, 6, 7 . . . the Brackett Series 
results. 

The constant 

E= =1-09675 X 105 

where 7a=the mass of the electron 

e=the charge on the electron - 
N=the charge on the nucleus 
c=the velocity of fight. 

Owing to the fact that the orbits are elliptical, 
the velocity of the electron varies with its posi- 
tion, and hence the energy varies. This results 
in each of the spectrum fines becoming spread 
and really consisting of a number of “ fine 
spectrum ” fines. 

The number of atomic and molecular struc- 
tures, accorded the title of “ hydrogen ” has 
greatly increased during recent years. The 
nomenclature and symbols of these structures 
are as follows : 

Let “ hydrogen ” be represented by 

I 

I X z 

In the position of “ lo ” the prefix “ o ” 
(ortho), “ p ” (para), “ e ” (equilibrium between 
o and p) or “ n ” (normal in relation to “ o ” 
and “ p ”, i.e. in equilibrium at ordinary 
temperatures) gives the condition of the mole- 
cule in relation to nuclear spin. AVhen omitted, 
n may be assumed. The subscript in the 
position of “ a: ” gives the atomic number. 
This is 1 in the case of hydrogen and is firequently 
omitted. 

The superscript in the position “ p ” gives the 
atomic weight relative to hydrogen (protium), 
i.e. is the hydrogen (protivm) atom; jH or 
D is the deterium atom ; or T is the isotope 
atom of mass 3, tritium ; |H is the isotope atom 
of mass 4. AATien omitted it may be assumed 
that a mixture is meant with the “ natural ” 
amount of deuterium, i.e. 5,000 jHg to Dg and 
ncgfigible amounts of higher isotopes. 

The subscript in position z represents the 
number of atoms in the molecule, i.e. H (atom), 
Hg (ordinary diatomic molecxile), Hg (triatomic 
molecule, hyzom). 

In addition the usual -f or — indicates positive 
or negative ionisation. 

Ortho- and Para- Hydrogen. — ^In the hy- 
drogen atom, both the electron and the proton 
which comprises the nucleus have two possible 
directions of spin. The electron spins of any 
pair of H atoms maj' therefore be parallel or 
anti-paraUel, and similarly with the protons. 
Only those atoms -with auti-paraUel electron- 
spins, however, are able to enter into combina- 
tion, so there occurs in the hydrogen molecule 
two possible spin isomers — ^those -with parallel 
nuclear spins (ortho-hydrogen), and those with 
anti-parallel nuclear spins (para -hydrogen). The 
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existence of these two modifications was ex- 
perimentally demonstrated by Bonhoeffer and 
Hartcck (Natunviss, 1929, 17, 182). 

A fnrther difierence between the isomers is 
that in the para-molecule only the even rota- 
tional levels are occupied, whereas in the ortho- 
molecule it is only the odd levels. Consequently 
at extremely low temperatures when all the 
molecules tend to pass into the lowest rotational 
level {J=0), equilibrium lies entirely on the 
side of para-. At infinitely high temperature the 
equilibrium lies at 3 ortho- : 1 -para-. Equili- 
brium is, however, only reached imder favotir- 
able conditions and the mixture occurring at 


normal temperatures (which approximates very 
closely to 3 ortho- : 1 para-) may be cooled to 
low temperature without change in composition. 
Distinction may therefore be drawn between this 
normal mixtiue (Ji-Hg) and the equihbrinm mix- 
ture (c-Hg), as well as between the pure o-Hg 
and p-Hg. The following table taken from 
Farkas (“ Orthohydrogen, Parahydrogen and 
Heavy Hydrogen,” Cambridge University Press, 
1935) shows the rotational levels occupied at 
different temperatures. The sum of the even 
J numbers and the sum of the odd J numbers 
for e- H 2 indicate also the equihbrium amounts 
of para- and ortho- respectively. 


Temp. ®K. 

Hydrogen. 

J=0. 

J=l. 

J=2. 

mmm 

J=4. 

J = 5. 

50 

e-Ho 

76-88 

23-11 

0-01 





P-Hg 

99-98 

— 

0-02 

— 



_ 


o-Hg 

— 

100-0 

— 

— 



_ 


71- H 2 

24-995 

75-00 

0-005 

- — 

— 

— 

100 

e-Hg 

37-36 

61-46 

1-15 

0-02 

_ 

.. - 


P-Hz 

97-02 

— 

2-98 

— 


— 


o-Hg 

— 

99 - 9 . 5 . 

— 

0-05 



— 


Tl-Hg 

24-25 

74-97 

0-74 

0-03 

— 

— 

200 

e-Hg 

18-65 

71-67 

7-27 

2-38 

0-03 

0-002 


P-Hg 

71-82 

— 

28-05 

— 

0-13 

— 


o-Hg 

— 

96-78 

-J— 

3-21 

— 

0-003 


Tl-Hg 

17-95 

72-59 

7-01 

2-41 

0-03 

0-002 

300 

e-Hg 

12-89 

65-78 

11-78 

9-07 

0-40 

0-08 


P-Hz 

51-40 

— 

47-00 

— 

1-59 

— 


o-Hg 

— 

87-80 

— 

12-10 

— 

0-10 


Tl-Hg 

12-85 

65-84 

11-75 

9-08 

0-40 

0-08 


Pure para-hydrogen is prepared by con- 
verting 71- H 2 to e-Hg (i.e. p-Hg) at hquid-air 
temperatures, using active charcoal or Ni- 
kieselguhr catalyst (Bonhoeffer and Harteek, 
Naturwiss, 1929, 17, 182; Z. physikal. Chem. 
1929, B, 4, 113 ; B, 5, 292 ; Z. Elektrochem. 1929, 
35, 621 ; Taylor and Sherman, Trans. Faraday 
Soc. 1932, 28, 247). It is impossible to convert 
71- H 2 into o-Hg, since at no temperature does 
the equilibrium lie entirely on the o-Hg side, 
and failing a physical method of separation, 
pure o-Hg cannot be prepared. For the heat 
of transformation, see Elbe and Simon (Z. 
physikal. Chem. 1930, B, 6, 79). 

The composition of o-p-Hg mixtures is con- 
veniently eslimated by thermal conductivities 
(Bonhoeffer and Hartec^ ibid. 1929, B, 4, 113). 

The following properties of p-Hg may be com- 
pared with those of n-H-g : 

72 -H 2 , p-’B.f,. 

Boiling-point °K. . . 20-37 =*= 20-26 f 

Triple point “k. . . 13-94 * 13-83 f 

Vapour pressure mm. — 

20-18°k. . . . 708-2 1 ■ 732-9 J 

17-18°k. . . . 250-51 261-7 J 

1o-18^k. . . • . 108-7 f 103-5$ 

* See above under “ Physical Properties of Hydro- 
gen.” 

t JBonboeOer and Harteek, Z. physikal. Chem. 1929, 
B, 4, 113 ; eee Farkas (op. dt.). 

t Keesom, Bijl and Horst, Proc. K. Acad. "Wetensch. 
Amsterdam, 1931, 34, 1223; see Farkas (op. cit.). 


Heavy Hydrogen — Deuterium (7.V.). 

Other Isotopes of Hydrogen. — the re- 
action, |D-}-|D -7-®H-f JH, a hydrogen isotope 
of mass 3 is formed (Dee, Nature, 1934, 133, 
564). 

The possibihty of the higher isotope of mass 4 
has been discussed by Flugge (Z. Physik, 1937, 
105, 522). 

Triatom ic Hydrogen (Hyzone ). — One of 
the theories explaim'ng the activity of “ active ” 
hydrogen is that it is triatomie. Actually the 
existence of a neutral triatomie molecule Hj is 
under considerable doubt (see e.g. Smallwood and 
Urey, J. Amer. Chem. Soc. 1928, 50, 620). The 
ion Hg"^ however is known to exist and was first 
observed by J. J. Thomson in canal rays. He 
claimed later (Phil. Mag. 1934, [viij,17, 1025) that 
two kinds exist, the one formed by passing the 
discharge through ordinary hydrogen is very un- 
stable, the other, formed by bombarding solid 
KOH with elecrions and passing a discharge 
through the evolved gases, is fairly permanent. 
When KOD is used, H^ is also present (as well 
as Hj~ and Hg”*). 

Hybbogex BrBLioGEAPHY.-T-Further details 
on the properties and reactions of hydrogen can 
be found in the following sources. Much of the 
data given there, however, has been amplified 
or corrected by more recent work : 

Mellor, “ A Comprehensive Treatise on In- 
organic and Theoretical Chemistiy,” Vol. I, 
1922. 
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Newton Eriend, “ Textbook of Inorganic 
Chemistry,” Vol. II, 1924. 

Abegg, “ Handbuch der anorganischen 
Cbemie,” 1908, Band II, Abt. 1. 

Gmelin, “ Handbuch der anorganischen 
Chemie,” Aufl. 8, 1927, System No. 2. 

Pascal, “ Traite de Chimie mindrale,” Vol. I, 
Masson, Paris, 1931. 

International Critical Tables 192G-1933. 

Tables AnnueUes Internationales de Con- 
stantes et Donnies Numeriques. 

TECHNICAL PRODUCTION. 

General Literaixire .- — From 1918-21 a number 
of books were published dealing with the com- 
mercial production and usage of hydrogen, and 
' they form excellent summaries of the state of 
development of the various processes up to the 
time they were written. These books are there- 
fore valuable for early history of the subject, 
including patent references, and the following 
may be cited : 

Martin, “ Industrial Gases ” (Crosby Lock- 
wood & Son), 1918. 

Teed, “ The Chemistry and Manufacture of 
Hydrogen ” (Edward Arnold), 1919. 

Greenwood, “ Industrial Gases ” (Bailli^re, 
Tindall & Cox), 1920. 

H. S. Taylor, “ Industrial Hydrogen ” (Chemi- 
cal Catalogue Co., U.S.A.), 1921. 


applied E.M.F. must overcome three opposing 
forces : (a) the reversible decomposition voltage 
of water, which is 1'23 volts, {b) the actual resist- 
ance of the electrolyte, (c) the Og and Hg over- 
voltages at the anode and' cathode respectively, 
both of which rise with increasing current 
density. The aims of commercial cell design 
are'to reduce {b) and (c) to as low a figure as is 
practicable, to keep separate the hj'drogen and 
oxygen, to avoid corrosion of the electrodes, 
and to minimise current leakage, electrolytic 
leakage, and repair requirements. In com- 
mercial practice (a), (6) and (c) total 2 to 4 volts. 
To keep (b) at a minimum, the electrolyte most 
commonly used is KOH, sometimes NaOH, 
at as' high a concentration and temperature as 
possible, consistent with avoiding corrosion. 
Early type cells (e.g. Schoop cell) employed 
H2SO4, but these are now almost obsolete. 
Electrolyte concentration is usually 20% NaOH 
or 20-25% KOH, and the operating tempera- 
ture up to TO^C. Since the E.M.F. dissipated in 
overcoming (6) and (c) above appears as heat, the 
temperature is maintained without additional 
heating, and in many cases provision for cooling 
must be made. A further method of reducing 
(6) is to bring anode and cathode as close as 
possible, but the limit here is set by the necessity 
of keeping oxygen and hydrogen separate. 

Electrodes are usually of mild steel, and to 
reduce (c) above and at the same time to avoid 


For reference on the subject 
from the standpoint of ammonia 
synthesis, see Ammonia, Vol. I, 
331d, and from the standpoint of 
hydrogenation, see Groggins, “ Unit 
Processes in Organic Chemistry ” 
(McGraw-Hill Book Co.), 1935, 
Chapter VIII, Hydrogenation 
(Fenske). Two general articles cov- 
ering the whole field of commercial 
hydrogen production are Brownlie, 
Ind. Eng. Chem. 1938, 30, 1139, 
and Heinrich, Chem.-Ztg. 1933, 57, 
933-934, 950—952. Apart from the 
above, the original references and 
the patents quoted must be con- 
sulted to obtain more information 
on the processes dealt with below. 



Fig. 1. 


The various processes used commercially for 
the production of hydrogen may be classed as 
follows ; 

(1) Electrolytic Decomposition of Water. 

(2) Direct Reduction of Steam by Carbon. 

(3) In^rect Reduction of Steam by Carbon, 
Using an Intermediary. 

(4) Reduction of Steam by Hydrocarbons. 

(5) Cracking of Hydrocarbons. 

(6) Hydrogen Recovery from Commercial 
gases (e.j7. Cokh-Oven Gas) by Partial 
Liquefaction. 

(7) Production of By-product Hydrogen. 

(1) Eleotkolytic Decomposition of 
Wateb. ■ 

Before oxygen and hydrogen can be evolved 
from the electrodes' of an electrolytic cell, the 


corrosion, the anodes and, in many cases the 
cathodes also, are nickel plated. In the Levin 
or Electrolabs cell cobalt plating is used. Other 
methods of reducing (c) are special treatment of 
electrode surfaces, and decrease of electrode 
current density by the provision of subsidiary 
electrodes held away from the main electrode by 
small metallic studs {e.g. the Bamag Zdanslty 
battery). 

Two main types of cell have been developed 
to ensure the separation of anode and cathode 
gases ; 

(a) The open or bell type, in which gases are 
collected in bells placed above the elec- 
trodes. Asbestos “ petticoats ” are fixed 
roimd the bottom of the bells to improve 
separation (Pig. 1). Examples: Fauser, 
Knowles and Holmboe. 

(5) The enclosed or filter press type in which 
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the Trails of the vessel contaicing the elec- 
trolyte themselves serve as electrodes. In 
this case a battery of cells is formed by 
vertical electrodes kept apart from one 
another by insulating material along their 
edges, with diaphragms alternating with 
the electrodes for keeping separate the 
oxygen and hydrogen. The cells are 
completely filled with electrolyte, and on 
passing current from one end of the 
battery to the other, each electrode acts 
as cathode on one side and anode on the 
other (Fig. 2). Some of the advantages 
of this type are that a single battery may 
contain up to 160 cells in series, permitting 
the use of high voltages without the neces- 
sity of copper conductors to connect a 
h'ke number of bell-type cells in series. 
As the electrolyte is not exposed to the 
atmosphere, COg absorption is avoided,’ 
and the floor space required is usually 
smaller than with bell-type cells. The 
diaphragms may be of perforated nickel 
sheet (“ PecMcranz ”), asbestos, or asbestos 
with steel wire inlay (“ Bamag ”). Other 



examples of the filter press type are 
Schmidl-Oerlihon, Siemens, Both (I.G.) and 
the National Electrohjser. liletallie dia- 
phragms are permissible unless the voltage 
applied across the cell is so high {i.e. about 
4 volts) that the potential difference 
between one electrode and the diaphragm 
exceeds the decomposition voltage of the 
electrolyte. Then the diaphragm itself 
will act as an electrode, and impure gases 
will be obtained. The principal difficulty 
in the construction of the filter press type 
is to obtain a material suitable for insula- 
tion between the electrodes which at the 
same time is not attacked by the elec- 
trolyte, and does not allow electrolyte; 
leakage. 

T})c Z/Cvin or Eleclrolabs cell is of the 
enclosed type, but in this case the elec- 
trodes are separate from the walls of the 
containing ves=el, being electrically in- 
sulated at the point where the electrode 
connections pass through the electroUde 
container. The cathode is s centra! 
vertical plate, and there are two\ anodes, 
one on either side. The anod^ are 


separated from the cathode by vertical 
diaphragms. 

The electro-chemical eflBciency of all com- 
mercial electrolysers approaches 100%; the 
slight inefficiency is not due to unwanted chenii- 
cal reactions, but to the small leakage of current 
through the insulation. The water supplied to 
the cells must be very pure. Chloride im- 
purities are particularly undesirable since thev 
may lead to corrosion of the anodes. Any sus- 
pended iron in the feed water -will deposit on the 
cathodes and build across to the diaphracni 
causing this to act as a cathode, resulting in 
hydrogen impurity in the oxygen. 

The purity of the electrolvtic gases is norniallv 
99’5-99’8%, Og 98’5-99’0%. Decrease of 
purity may be due to the causes given above, 
or to the rupture of the diaphragms. Where 
very high-purity gases are required (e.g. Hj for 
ammonia sjmthesis) they may be obtained b}’ 
passing the Hg over a catalyst such as platinised 
asbestos or copper, when the oxygen impurity 
bums to water and is condensed. 

The labour requirement for the electrolytic 
process is small, and correctly designed cells 
or batteries may be operated 5 5*ear3 or longer 
without need of repair. With open type cells, 
earbonation of the electrolyte may necessitate 
installation of a causticising plant; regulation 
of the feed water to these cells may also present 
difficulty, because with variation of the gas 
jmessure inside the bells, overflow of electrolyte 
may occur. With certain ty’pes of cells it is 
necessary at intervals to remove deposits of 
spongy iron from the cathodes, clean the dia- 
phragms and replate the anodes. The principal 
operating cost is power, which may vary from 
o-O to 6-0 kw.h. per cu. m. of H, plus I cii. m. of 
Oo. Owing to the fall in overvoltage on lower- 
ing the current density, the power consumption 
per cubic metre of hydrogen of an clectrol 3 'tic 
plant will fall Tvith reduction of output. Pub- 
lished figures may therefore be misleading, and 
for a given output the relative merits of different 
designs can only be determined by comparison 
of power requirements at similar capital costs. 
Alternative^, comparison of capital costs should 
be made with plant of similar efficiencies. It 
follows also that the economic size of an elec- 
trolytic plant wall depend on the cost of power, 
because for a given hT'drogen output, capital 
expended on increasing the number of cells or 
batteries wall decrease the power requirement. 

Pressure electrolj’sers have been proposed and 
developed onasemi-tcchnicalscnlehyNoeggeratli, 

Nicderreither and others, to operate up to 150 
atm. presmre. It is claimed that the increase 
in pre.ssure reduces the oxygen and hj'drogen 
overvoltages, -adth consequent reduction in 
power requirements. Thus it may be said tliat 
the electrical energy fed to the_ cell appears 
partly as compression energj' in the ga^cs 
evolved, instead of as heat. Clearly one of the 
major problems ari^-ing in the design of a ]>Te=nirc 
electroivser will be to avoid anj' marked diiser- 
ence of pressure at the cathode and anode. 
The power required to comprc=s oxygen or 
hvdrogen i= small compared uith that u=fd m 
the proce.’s of electroU’.sis. Tims in spite of 
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advocacy of the use of pressure cells as a method 
of storing off-peak electrical power, no large 
installations have been reported. 

The modern tendency of battery design is to 
obtain a greater output for a given capital cost 
by increasing the operating current density. 
This necessitates increased provision for cool- 
ing. In the Bamag Zdanshy battery the elec- 
trolyte is circulated by the lifting effect of the 
bubbles of gas evolved, and the liquor circuit 
includes coolers and filters. It is claimed that 
this S3’’stem reduces the oxygen and hydrogen 
overvoltages and prevents iron deposits on the 
cathodes. 

Literature. — ^Allmand and Ellingham, “Applied 
Electro - chemistry ” (Edward Arnold), 1924, 
pp. 458-464, discuss the foUorving types : 
Sclioop, Knowles, Integral Oxygen, Levin or 
Electrolabs, International Oxygen, Schmidt-Oerli- 
Icon, Geeraard or Ohurchill. Takimenko, Khims- 
troi, 1934, 6 and 7, describes and gives operating 
data for the following : Bamag Zdanshy, Fauser, 
Knowles, Pechkranz, Steward, Kent, Siri. See 
also H. S. Taylor, “ Industrial Hydrogen “ 


(Chemical Catalogue Co., U.S.A.), 1921, 

Zdansky, Chem. Fabrik. 1933, 6, 49, describes 
the Bamag Zdanshy battery and gives operating 
costs. Diamond, Ilrans. Inst. Min. Met. 1934, 
442—460, describes electrolytic hydrogen plant 
at Trail, B.C., and Knowles, Fauser, Stuart and 
Pechkranz batteries. Noeggerath, Chem. Met. 
Eng. 1928, 35, 421, and Heinze, Engineering, 
1933, 135, 399. Niederreither, G.P. 600583 and 
U.S.P. 1983294.’ 

(2) Direct REnircTioir of Steam bv 
Carbon. 

The commonest industrial reducing agent for 
obtaining Hg from steam is carbon in the form 
of coke. In the so-called Water-gas catalytic 
process, the reaction takes place in two stages, 
the first of which involves reaction of a solid, 
and the second is entirely gaseous. 

(а) C-bHgO ^ C0-}-H2; A£r=+31-4kg.-cal. 

per g.-mol. (endothermic). 

(б) CO+HgO ^ COg+Hg; AH=-10-1 kg.- 
cal. per g.-mol. (exothermic). 
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Fig. 3. — ^Equilibrium Curve (Neumann and Kohler) of the Water-Gas Reaction. 

CO-fHjO^COa-bHa. 


Kb - 

° f>co, » f>Hj 


36 

32 

2a 

24 

20l 

16 

12 

081 


The first reaction is that which takes place in 
a standard blue water-gas generator (see Gas, 
Water). The second is carried out at a tem- 
perature of 400-550°C. over a pelleted catalyst 
of iron oxide containing promoters. The equilib- 
rium for the so-called water-gas reaction (6) 
is stated on p. 318c. Fig. 3 gives the values 
of the equilibrium constant over the usual 
operating range of temperatures. The lower 
the temperature, the greater the equilibrium 
hydrogen content. Hence it is usual to carry 
out the reaction in two stages, firstly at 500- 
600°C., where the high temperature favours a 
rapid approach to equilibrium, and then at a 
lower temperature 400-500°C., where, because 
of the more favourable equilibrium, the reaction 
proceeds further. The resulting plant is as 
given in Fig. 4. The catalyst is brought up to 
operating temperature by burning air in water- 
gas at the top of one or both converters. With 


adequate heat exchange and insulation the sys- 
tem maintains its own temperature, and in 
practice some of the heat of reaction and some 
of the unconverted steam are recovered by 
heating water with the hot converted gas after 
it leaves the final interchanger. This hot water 
is then used to heat and saturate with water 
vapour the unconverted water-gas before it 
passes to the heat exchanger (v, Vol. V, 496a). 
The range of steam : water-gas ratios most 
commonly employed is 3:1 to 1:1 by volume. 
The higher the steam ratio, the lower the CO 
content of the converted gas, which in practice 
varies from 5 to 1% CO. 

The reaction is usually carried out at a pressure 
of 1-2 atm. absolute, although some plants 
operate at higher pressures. The equilibrium is 
no more favourable than at lower pressures, but 
it is more quickly attained. The' catalyst is 
contained in mild steel vessels and is supported 
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on trays in a manner similar to that used for the 
catalyst in the contact method of oxidising SOg. 
A number of catalysts have been patented vhich 
improve the equilibrium by absorbing the COg 
produced, but no large scale installations 
operating on this principle are reported. The 
original Badische (no\r the I.G.) units had a 
capacity of 2-5,000 cu. ft. per hour although 
very much larger units are now common. 

With most of the catalysts employed in- 
dustrially, removal of H gS from the inlet water- 
gas improves the catalj'st activity and lowers 
the CO content of the exit gas. The standard 
iron-oxide box process is commonly used for 
HgS removal, and a recent development has 
been the construction of tower purifiers which 
utilise a very active oxide mass and can be 
rapidly emptied and refilled.' Active carbon 



Fig. 4. 


can also be employed for oxidising HgS to S 
and HgO, and there are a number of wet pro- 
cesses usually involving gas-scrubbing with iron 
oxide suspensions or alkaline solutions (examples 
— Ferrox, Thylox, Koppers, etc.). The solution 
is regenerated by aeration, and the HgS is 
oxidised, liberating a sulphur scum which may 
be recovered from the surface of the solution. 

To obtain pure hydrogen from the converted 
gas, CO, is removed usually by water-scrubbing 
at pressures from 10-50 atm. The scrubbing 
water is freed from CO, by air-stripping and is 
used again. With large plant the energy ex- 
pended on injecting the water into the scrubbing 
tower is frequently p-artly recovered by pass- 
ing the water from the tower through a Felton 
wheel or other form of water-motor (Fig. 5). 
As an alternative to water-scrubbing for CO, 


removal, solutions of orgam’c bases may be 
u^d which are regenerated by heating (the 
Girbotol and the Alhacid (I.(J.) processes). 
The requirements for the absorbing solution are 
that its volatihty should be low to avoid losses, 
that the COg capacity of the solution should be 
high, and that the COg partial pressure above a 
carbonated solution sho^d he low at room-tem- 
peraturps, but to effect easy regeneration should 
rise rapidly with increase in temperature. These 
processes for COg removal are to he preferred 
where the final gas mixture is not required at 
pressurd (e.g. the Fischer -Tropsch process, ste 
later). 



PUntFIED Hz 

OR Hj/Nj MWTURE 

Fio. 6. 


The CO not converted in the conversion stage, 
and any COg still remaining, are removed at still 
higher pressures by scrubbing with an am- 
moniacal euprous salt solution, which is re- 
generated for further use by Jieating. The gas 
given off during regeneration consists largely of 
CO, and is returned to the inlet of the CO con- 
version unit. Thus all the CO entering the 
system is finally oxidised to CO,, and the 
of water-gas required to pure hj'drogen obtained 
is very little above 1:1. The impuritj- remaining 
in the final gas is nitrogen contained in the 
original water-gas. For ammonia sj-ntbesis 
where a final HjtN, ratio of .3:1 is required, pro- 
ducer gas is added before the CO conversion 
plant or semi-water-gas may be employed. 

The most recent developments b.avc been not 
in the CO conversion or purification stages of 
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tlie process, but in the production of the water- 
gas. Coal is frequently a cheaper starting 
material than coke, and may therefore be pre- 
ferred. Processes utilising coal have the 
additional advantage that the hydrogen in the 
coal is also usefully recovered. The dis- 
advantages are the production of tar and the 
presence of hydrocarbons in the water-gas. For 
many purposes (e.g. the synthesis of ammonia)" 
even small amounts of hydrocarbons are a 
serious drawback, because they build up in the 
synthesis system and must be purged there- 
from, resulting in the simultaneous loss of con- 
siderable quantities of hydrogen. Thus the aim 
of the coal -gasification processes is to destroy 
the tar and hydrocarbons given off as the coal 
is heated, by cracking or decomposition with 
steam, before they pass to the exit gas. Tins 'is 
achieved by passage of the hydrocarbons. 


HEATING 
BRICKWORK 
WITH 
RECUPETWTDR 



gasification 

ZONE. 


Fig. 6. 

through a- hot zone, which is frequently the 
incandescent coke formed after the initial heat- 
ing of the coal. For processes maldng gas for 
the Fischer-TropscJi process an additional objec- 
tive is the production in one stage of a gas con- 
taining the required HgrCO ratio of 2:1. 

In general, coal-gasification processes are most 
easily applied to brown coals and lignites, 
because these produce very active cokes after 
initial heating. The following are typical 
examples : 

The Winkler Generator is described under 
Gas, Water (Vol. V, 501). The hydrocarbons 
are cracked in the fuel bed itself or in the large 
hot gaseous zone above the bed, into which 
secondary air is introduced. For the final 
production of H,, or 3Ho-l-N„ for ammonia 


synthesis, an oxygen-enriched air is used, 
oxygen cost is a disadvantage, 


The 


The Btibiag Didier Retort (F'j. 6). — In this 
plant the heat necessary for the gasification of 
coal with steam passes to the fuel bed through 
the walls of a bench of brickwork retorts very 
similar to 'standard gasworks vertical retorts. 
Steam is added at the top and bottom of each 
retort, and the gas exit is about one-third of the 
way from the bottom. Fuel is added at the top, 
and thus the tar and hydrocarbons given off in 
the upper or coking zone of the retort must pass 
through the hot coke in the centre of the retort 
before they pass to the exit main. They are 
thereby cracked or decomposed with steam. 
The unreacted coke from the bottom of the 
retorts is fed to producers heating the retorts. 
An exit gas containing <T0% methane is 
claimed, and the process is suggested as par- 
ticularly suitable for Fisclier-Tropsch gas, owing 
to the ease of control of the COiHj ratio. 

The Viag Generator (Vergasungs-Industrie 
A.-G.) (Fig. 7). — This is in effect a twin water-gas 
generator fed with coal. On the down run the 
gases given off in the coking or upper zone of 
the generator pass through the coke bed and 
are thereby decomposed. On the up run the 
hydrocarbons pass forward with the make gas, 
but decomposition is assured by passage down 
through the incandescent coke bed of the twin 
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generator. Periodically steam is shut off from 
each generator in turn and a blast of air 
admitted as in standard water-gas practice. 
Recuperators are u.“ed to improve the heat 
eificiency of the process. 

The Pintsch-Hillebrand Generator is also 
described under Gas, .Water (Vol. V, 502), but 
the principles of operation are shown in Fig. 8. 
In this case the hydrocarbons are decomposed 
firstly in the recuperator (or regenerator) and 
then in the fuel bed. 

The Lmgi Process. — This process utiUses 
oxygen for gasification of brown coal at about 
10 atm. pressure. A somewhat similar process 
has been proposed by Fauser. The advantage 
claimed for pressure operation is that it enables 
the fuel bed to be operated at a lower tempera- 
ture. Thus, for example, for Fischer synthesis 
a gas of suitable composition may be obtained 
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in one stage. As there is no special attempt to 
crack or decompose hydrocarbons, the methane 
content of the make gas is higher than -witL 
other processes, but it is nevertheless suitable 
for Fischer synthesis. As vith the Winlder 
process the cost of oxygen vill be a disadvantage. 

Literatvre. — For general description and 
operating costs of stages of process employing 
coke -water-gas, see Laupichler, Chem. Met. Encr. 
1936, 43, 122, and Gas World, 1936, 105, 71. 
Held, Petroleum, 1939, 35, 435, discusses pro- 
duction of ammom'a-syn.thesis gas from coal 
and describes Pintsch-liillehrand, Didier, Lvrgi, 
Winfershall-ScJimalfeldl and Rappers processes. 
Schultes, Gliickauf, 1936, 72, 273, gives cost 
estimates for production of Fischer s5mthesis-gas 
by numerous processes, and describes Winlder 


and Didier processes; see also Giordaui, J 
Usines Gaz, 1937, _61, 170, 196, 229. Miiller^ 
Chemical Engineering Congress, World Power 
Conference, 1936, Paper 5E, discusses complete 
gasification of coal and describes the Pintsch- 
Hillebrand process. For Didier process, «ee 
Szigeth, Z. Ungar. Ing. u. Arch. Verein, 1934, 
,37 and 38, and Thau, Brennstoff-Chem. 1935, 
16, 61. Complete gasification with oxygen, 
Fauser, 11th International Congress Pure and 
Applied Chemistry, Madrid, 1934; Drawe, Gas- 
u. Wasserfach, 1933, 76, 541, and Blackburn, 
Williams and JliUett, Inst. Gas Engineers, 1936, 
Communication No. 141. Van der Wertb, 
Chem.-Ztg. 1935, 59, 276, levievrs German 
patents covering CO conversion. Tower purifi- 
cation process, Lenze and Borchardt, Ga®- u. 
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Wasserfach, 1933, 74, 445. AlMcid process, Bahr, 
Proc. Amer. Petroleum Inst. 8th ISIid-year 
Meeting, Sect. IH, 1938, 19, 37. 

(3) PsDIEECT EeDUCTIOX' OF StEAXI IVITH 
Caeboit Usixg A3: Ixtebmediaey. 

The Iron-Steam Process . — ^Ih this process 
oxides of iron form the intermediary in reducing 
steam with carbon. The carbon is first con- 
verted into water-gas or producer-gas by the 
standard process, and the gas is "ased at tempera- 
tures varying from 550'^C. to 7.50'’C. to reduce 
oxides of iron, generally in the form of spathic 
ore, because this is porous and at the same time 
robust. Silica is undesirable in the ore since it 
forms a glaze which prevents reaction. The 
reducing gas is then shut off and steam is passed 
over the oxide mass, resulting in the oxidation of 


the mass and the production of hydrogen. The 
equations can be -written : 

(o) Reduction F,e304-bC0^3Fe0-rC02 or 
FesO^-b Hg ^ 3FeO-f HgO 
Steaming 3FeO-f HgO H2-i-Fe304 

(6) Reduction FeO-fCO ^ Fe-fCOg or 
FeO-f Ha Fe-bHsO 

Steaming Fe-f-H20 FeO-l-Ha 

The process is thus a cyclic one, the reduction 
stage being endothermic and the steaming stage 
exothermic. When reduction is by CO, the 
final result is the reaction of steam -with CO 
as in the water-gas catalytic process already 
described, and thus there is a net heat evolution. 
Nevertheless the inevitable heat losses from any 
industrial plant are such that heat must be 
continually supplied to the system, and this is 
usually obtained by burning spent water-gas 
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obtained during the reducing stage, which from 
equihhrium considerations still contains a con- 
siderable percentage of combustibles. The com- 
bustion of producer-gas has been suggested as 
an alternative source of heat, and partly burnt 
coke-oven gas or even coal dust have been pro- 
posed as alternatives to water-gas for the re- 
ducing stage. 

Taylor (op. cit.) has shown that from published 
data on iron oxide-Hj-CO equilibria, re- 
action (a) above will require less water-gas than 
(b) to produce the same amount of hydrogen, 
although it is clear from the equations that for 
a given amount of iron (6) would be expected to 
give the greater hydrogen output. Further, 
assuming reaction (a) and quite apart from the 
gas that it is necessary to bum to maintain tem- 
peratures, the equilibria involved necessitate 
that at 750°C. the minimum possible ratio of 
water-gas consumed to hydrogen produced is 
In actual practice this ratio will be 2 
to 3:1. A method of overcoming 
equilibria considerations proposed by 
Rogers is to circulate the spent water- 
gas, together with the steam that it 
contains, back to the water-gas genera- ■ 
tors where it is used in place of steam. 

The COg in the spent gas is reduced to 
CO and the steam to hydrogen. A 
purge from this closed circulating 
system is necessary to remove CO or 
COj produced from coke gasified in 
the generator, and also the nitrogen 
inevitably introduced. Nevertheless an 
improvement on the ordinary open 
cycle is claimed. Other workers suggest 
the condensation of steam and removal 
of CO 2 from the spent gas before re- 
turning it to the retort. 

The cycle usually claimed as most 
efficient is 20 minutes reducing and 10 
minutes steaming, and there is a short 
purge after reducing before the hydro- 
gen is turned to the collecting main. 

It is necessary periodically to bum out 
deposits of carbon from the iron mass, 
and if unpurified water-gas is employed, 
of sulphur as well. Carbon results from 
the decomposition of CO thus ; 


bench is continuous. The bench is heated by 
burning producer-gas or spent water-gas. 

In the Bamag process the iron mass is heated 
indirectly by means of a recuperator (single- 
retort process). Water-gas is passed through the 
iron mass and the spent gas is burned with air 
before it passes to the recuperator. After reduc- 
tion, the water-gas is shut off and steam is passed 
through the recuperator and through the reduced 
mass. There are suitable purge periods, and 
air for burning off carbon deposits is admitted 
every cycle. 

The MesserscJimitt Process (Eig. 9) combines 
direct heating with the use of a recuperator. The 
iron mass is containedin an annular space between 
two iron cylinders. Water-gas is burned at the 
base of the inner cylinder with a quantity of air 
very much less than that required for complete 
combustion. The hot gas passes up through the 
chequer-work, down through the iron mass, and 
is Snally completely burnt in the outer chequer- 
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2CO C-fCOg 

and is avoided or minimised by a high COj con- 
tent of the water-gas, driving the above reaction 
from right to left. The same effect . may be 
obtained by the addition of small amounts of 
steam to the inlet water-gas, which will produce 
COj by the “water-gas” reaction. However, 
since COj and steam are the products of reduc- 
tion of the iron mass, this method of preventing 
carbon deposition ■will slow down the rate of 
reduction, and its appheation is therefore limited. 

The various proprietary plants operating the 
process differ chiefly in the methods of heating 
the iron mass. The simplest is the Lane process 
in which the iron ore is contained in vertical cast 
iron or mUd steel retorts arranged in a heating 
furnace. A bench of such retorts is usually laid 
out in groups of retorts so that one group may 
be Reaming while one qr two groups are re- 
ducing. Thus hydrogen production from the 


work. After 20 minutes reducing, the water-gas 
and air are shut off and steam is passed down- 
wards through the outer recuperator where it is 
superheated, and upwards through the iron 
mass, hydrogen passing from the top of the 
retort. There is a short purge period. 

The crude hydrogen from an iron-steam plant 
■wiU contain small quantities of HgS (greater if 
the water-gas is unpurified), COj, CO and Nj. 
The HgS may be removed by standard methods, 
and the COg by hme boxes. Final purities 
claimed are 99-5r99-75% (Lane process) and 
98-5-99-2% (MesserscJimitt). 

Both multi- and single-retort processes have 
similar efficiencies (2 or 3 vol. water-gas per 1 
vol. of Hg). The costs of retort renewal in the 
multi-retort process may bo heavy, and it has 
the disadvantage of a large number of hot 
joints. In a single-retort plant the volumes 
requiring purging are greater, and gas purities 
may he expected to he less than with a multi- 
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retort plant. This is home out by the fioiires 
quoted above. * 

This process is not used to anrthing like the 
extent of the Watcr-goft catalt/iic, elecfrolylic or 
Linde processes. For the specific production of 
hydrogen for fat hardening it appears to have 
been replaced fay electroh-tic hydrogen. There 
have been no marked advance.^ in industrial 
plant for a number of years. 

The Liljenrot Process. — ^In this process, de* 
yeloped largely by the I.G.. phosphorus is the 
intermediary "^vhen reducing steam. Thus ele- 
mental phosphorus is produced by reduction of 
pento.xide by carbon in the normal manner, and 
this reacts with steam thus : 

2P-^8H20=5H2-h2H3P0^ 

The reaction is carried out in the presence of a 
catah'st and improvements in the catalyst have 
enabled operating temperatures to be reduced 
from IjOGO-C. to 350-400'C. jipparently the 


principal technical difficulty in- operating this 
process is to avoid the production of phosphine 
and phosphorous acid, and two stages are 
apparently necessanx ° 

The process was originally developed to allow 
synthesis of ammonia from the hydrogen ob- 
tained. Biis yvas to be neutralised irith the 
phosphoric acid to pve ammonium phosphate, 
a dual-purpose fertiliser, Ko large-scale instal- 
lations of this process, however, have been 
reported. 

The Silicoi Process. — Here the intermediary 
is silicon or ferro-silicon. The silicon reacts with 
alkalis according to the following equation : 

2Na0H-fSi-|-H20=Na2Si03P2H2 - 

In practice less than the theoretical quantity 
of alkali is required. IThere ferro-silicon is 
employed, the h3-drogen yield only approaches 
theoretical when the silicon content is 80-90%. 
The process is exothermic and maintains itself at 


Hydrocarbon Gas 



operating temperature. Careful control of ad- 
mission of ferro-silicon is required to give the 
best results and to avoid carry-over of froth 
from the reaction vessel. 

The process was originally developed during 
1914—18 for producing hydrogen in the field or 
aboard ship for lighter-than-air craft. For this 
- purpose the disadvantage of expensive raw 
materials was more than coimterbalanced by 
the following advantages : a simple plant with 
low labour and power requirements, hydrogen 
rapidly produced and reasonably pure, with 
raw materials not excessively heavy or bulky. 
The only recent developments appear to -be the 
generation of hydrogen under pressure by this 
process, and the development of a dry reaction 
by introducing water in crystalline compounds 
as. for example, gypsum. 

The Hydrolith Process. — ^Tbis was developed" 
for the same purposes as the Silicoi process. 
Calcium hydride reacts with water, thus : 

CaH3-p2HgO -?-Ca(OH)2-b2Hg 


Commercial calcium hydride yields upwards of 
34,000 cu. ft. of hydrogen per ton. The reaction 
is markedly exothermic. Traces of nitride m 
the hydride lead to the production of ammonia 
which must be removed by water-scrubbing. 
The process is no longer used extensively. 

Literaljiire. — ^For reaction equilibria in the 
iron-steam process, see p, 310d, also Taylor, 

Industrial Hydrogen,” Chem. Cat, Co. U.S.A., 
1921, p. 25. Kecent patents are Rogers, B-P- 
249925 and 251124. For the Silicoi and Eydro- 
liiTi processes, see Teed, Chemistry and Manu- 
facture of Hydrogen,” Edward Arnold. 1921, 
pp. 45, 67 ; also Janbert, Compt. rend. 17th 
Congr. Chim. ind. Paris, 1937, 1130. For the 
Liljenrot Process, see G.P. 406411, 409344, 
4S5068; B.P. 324122, 325533. 

(4) REDtrenox of Steam bt 
Hwdeocaeboxs. 

Gaseous hydrocarbons here replace coal m 
the extended form of the water-gas catalytic 
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process already described. The hydrogen in 
the hydrocarbons is usefully recovered, and the 
process can be written thus : 

CH 4 + 2 H 2 O ->C02+4H2 

The reaction is usually carried out in two 
stages, approximately thus : 

{a} CH 4 +H 2 O ^CO+SHa; A7/=+61-6kg. 

cal. per g. mol. (endothermic). 

(6) CO+HaO^COa+Ha; AH=-10-lkg. 
cal. per g. mol. (exothermic). 

Stage (6) is exactly similar to the second stage 
of the water-gas catalytic process already 
described. 

Since the total reaction is endothermic, the 
higher the temperatures the lower the equili, 
brium percentage of hydrocarbon. The reaction 
is therefore carried out at temperatures above 
about 700°C., over a catalyst which may be con- 
tained in tubes of special steel which retains 
its strength at liigh temperatures. A typical 
composition for this steel is Cr 24, Ni 20, Mn 
0-7, Si I'O, C 0-22%. The tubes are contained 
in a brickwork furnace and are externally heated 
by combustion of fuel gas. There is a very ex- 
tensive patent literature covering catalysts for 
this process.. Fe, Ni, Ca promoted with Cr, 
V, Ce and K, Mg or Al have all been proposed. 

The Standard Oil Company’s plant at Bay- 
way, N.J., U.S.A., has a capacitj'-of 300,000 cu. 
ft. per hr. of hydrogen, and operates on refinery 
gases at atmospheric pressures and temperatures 
up to 1,000'’C. There is less than 1% uncon- 
verted hydrocarbons in the exit gas. 

Literature. — ^Ind. Eng. Chem. News Edition, 
1932, 10, 205, describes the Bayway plant. 
Petroleum Zeitschrift, 1932, 28, 10 (Standard 
I.G.) describes an improved type of apparatus 
from which Figs. 10 and 11 are taken. 

' (5) CkACKING of HrDEOOAEBONS. 

Previous to the development of steam reduc- 
tion by hydrocarbons, there was considerable 
activity in the development of processes for the 
production of hydrogen by the cracking of 
hydrocarbons thus : 

CH4->C+2H2 

.The commercial success of any such process 
appears to depend largely on the value of the 
carbon black produced. There is only one large 
plant reported as operating on hydrogen obtained 
in this manner, that of the Shell Company in 
California. The methane-steam process has 
now clearly superseded cracking where hydrogen 
production is the sole consideration. It should 
be noted, however, that there is very consider- 
able development now talcing place in the 
petroleum industry in the direction of catalytic 
dehydrogenation of hydrocarbons. These pro- 
mise to yield substantial quantities of fairly 
pure -by-product hydrogen, and although no 
extensive use has yet been made of this source, 
it may become of considerable commercial 
importance. 

During 1914-18 the Carbonian Gesellschaft 
developed a process for hydrogen produetion 


from acetylene by decomposing with an electric 
spark at 2 atm. pressure. A number of Zep- 
pelins were actually filled with gas thus pro- 
duced, but the process is now no longer used. 

Literature . — ^The Plant of the Shell Chemical 
Co., California, has been described by Rosen- 
stcin, Chem. Met. Eng. 1931, 38, 636. 

(6) Reooveey feom Commeeoiai. Gases 
BY Paetial Liquefaction. 

Gases such as coke-oven gas and water-gas 
contain considerable quantities of Hg which 
may be separated from the remaining consti- 
tuents by the physical process of partial lique- 
faction. Two main processes were developed 

Hydrocarbon Gas 


Steam 



Gas Gas 


Fig. 11. 

from about 1912 onwards, by George Claude in 
France, and by Linde and Bronn in Germany. 
The original main difference between these pro- 
cesses was the method adopted for obtaining 
the necessary low temperature. Claude used 
expansion of a compressed gas through a 
specially developed engine, which because of 
the low temperatures employed was lubricated, 
with liquid nitrogen. Linde and Bronn used 
the Jdule-Thomson effect by expansion through 
a porous plug, in actual practice an expansion 
valve. The following is a description of the 
Linde process as apphed to coke-oven gas, which 
is the commonest case found industrially. It is 
significant that a number of plants originally 
obtaining hydrogen by the partial liquefaction 
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of water-gas have changed over to the Badische 
process. 

The coke-oven gas is first purified from HgS, 
usually by passage through iron-oxide boxes in 
the standard manner. It is then compressed to 
10-12 atm. and is cooled with anhydrous am- 
monia to about — 45°C., a suitable cold ex- 
changer being provided to economise power. 
This prehminary cooling effects the separation 
of water, followed by benzol and relatively high 
boiling substances. After warming in the cold- 
exchanger of the benzol removal plant, the com- 
pressed gas is scrubbed with water to remove 
CO 2 and acetylene, and finally complete removal 
of COg is obtained by scrubbing with caustic 
soda solution. The compressed gas is then 
cooled by cold exchange with gases coming from 
a colder part of the system, then by anhydrous 
ammonia, and by further cold exchange rmtil 
at a temperature of — ■145°C. a fraction condenses 
out which contains practically all the CgH^ and 
some CH^. The ethylene in this fraction may 


CO 



Fig. 12. 


be separated from the methane by further rectifi- 
cation, should it be required for other chemical 
processes. The temperature of the gas thus 
freed from CgH^ is further reduced by cold 
exchange, and final cooling is by liquid Ng at 
— 193°0. when practically all the methane con- 
denses out. In the last stage of pmHication the 
gas is washed counter-currently at 10 atm, 
pressure and — 190°C. with hquid nitrogen, which 
dissolves out the CO and at the same time 
partly evaporates to give the SHg-l-Ma i^ix- 
ture required for ammonia synthesis. To obtain 
the liquid Ng, pure compressed Ng from an air 
fractionation plant is supplied at about 1 10 atm. 
pressure. This is cooled by anhydrous ammonia 
'and then by cold exchange to about — 180°C. 
Finally it is let dovm through an expansion 
valve when cooh'ng by the Joule-Tliomson effect 
causes liquefaction at — 193°C. The Ng ■nliich 
evaporates is warmed by cooling the inlet gases 
and passes from the S 3 ^stem for rcconipression. 
That portion of the liquid Ng required to scrub 
out CO is let do-\vn to 10 atm. only and cooled 


to — 190°O. with the liquid which has been 
expanded to a lower pressure (Fig. 12). 

The very greatest care is taken to utilise all 
available cold and the latent heat of the con- 
densed fractions, etc., so that all gases pass 
from the system at substantially room tem- 
perature. The 3 H g-l- N 2 mixture, which is very 
pure, leaves at about 10 atm. pressure. Thus 
all the energy required for supplying cold to the 
system is provided by the evaporation of an- 
hydrous ammonia, and the Joule-Thomson 
expansion of compressed cooled Ng. It is usual 
to mix the CgH^, the CH^ and the CO fractions 
(the latter containing considerable quantities 
of N g), and to return them as a heating gas of 
high calorific value to the coke ovens whence 
the original supply of coke-oven gas was 
obtained. 

Plants for the partial liquefaction of coke-oven 
gas have also been built by Messer, and are 
apparently somewhat similar in operation to 
Linde plants. 

Literature. — Borchardt, Gas- u. Wasser-fach, 
1927, 70, 662,- gives description of Linde process, 
analyses of gas fractions and estimated operating 
costs. See also Borchardt, Chem.-Ztg. 1930, 
54, 649. For Claude process, U.S.P. 1135355, 
1212455 ; Claude, Z. angew. Chem. 1930, 43, 
417. For Messer plant. Van Iterson, Ingenieur 
(Holland), 1932, A, 47, 427, also Berthelot, 
Genie Civil, 1936, 108, 573. 

(7) PeODUCTION of By-PeODTJCT HYDBOaEk. 

In the process of electrolysis of brine to pro- 
duce caustic soda, a substantial quantity of 
hydrogen is obtained as a by-product, and in 
many cases this is recovered and utilised. 

In the Fernbach or Weizmann process for the • 
production of acetone and butyl alcohol by the 
fermentation of maize, a gas is given off which 
contains about 40% Hg and 60% COg. At one 
plant in the U.S.A. this gas is freed from alcohol 
vapour by active charcoal, and compressed and 
scrubbed rvith wmter until the COg content is 
25%. The gas is then used to synthesise 
methanol. 


COg-l-SHg^CHg-OH-f HgO 


The Hiag process, which is used fairlv ex- 
tensively for the production of acetone fr(^ 
alcohol, gives by-product hydrogen by the 
following reaction : 


2C2H5-0H4-H20 


CHg-CO-CHg-fCOg-l-dHg 


Literature. — By-product hydrogen from Fern- 
bach process, Anon., Chem. Met. Eng. 1930, 37, 
548. Bakonyi, Chem.-Ztg. 1926, 50, 2o/. 
Woodruff, Ind. Eng. Chem. 1927, 19, 1147. bee 
also Vol. V, 44a. 


Costs of Commeecial Peoductiok. 

It is difficult to give generalisations on the 
relative costs of hydrogen by the processes 
already described, because the cheapest process 
for any particular requirement will depend on a 
number of circumstances, and each individual 
case must be considered on its merits. This is 
clear from the fact that the various processes 
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already described do actually operate in com- 
mercial competition. If any one process were 
overwhelmingly chcaimr under all conditions, it 
would supplant all others. Clearly the main 
factors affecting the choice of process will be 

(a) the raw materials available, (b) the cost of 
power, (c) the purpose for which the hydrogen 
is to be used, (d) the quantity required. Taking 
these factors in turn, the following examples are 
illustrative ; 

(a) Where brown coals or lignite are available 
and coke is expensive, one of the coal-gasifi- 
cation processes worked in conjunction with the 
Badische process, ns described above, is likely 
to bo favoured. Thus in Germany the I.G. use 
the WinMer process extensively, and there are 
Didier plants producing Fischer synthesis-gas 
(see later). In Hungary the ammonia plant at 
Petfurdo has a Didier plant operating on lignite. 
Where large quantities of surplus coke-oven gas 
are available, e.g. in Belginm and Holland, ibc 
partial liquefactidn processes [Claude, Linde or 
Messer) are widely employed. At oil wells, 
refineries, and coal- or oil-hydrogenation plants 
the availability of surplus hydrocarbon gases has 
favoured reduction of steam with these gases to 
produce all or part of the hydrogen required for 
hydrogenation. 

[b) Ample and cheap electric power -will favour 
the electrolytic process. Thus Nonvay has a 
large synthetic ammonia plant operating on 
electrolytic hydrogen from hydro-electric power, 
and this method was proposed in recent schemes 
for harnessing the Aswan Dam in Egypt. How- 
ever, to be economically attractive in competition 
with the water-gas catalytic or •partial liquefaction 
processes, the power must be very cheap indeed. 
PoUitt 'has shown that with power at 0-07d. per 
kw.h., electrolytic hydrogen will compete with 
other processes. The high capital cost of elec- 
trolytic and ammonia-synthesis plant precludes 
the erection of plant operating only on off-peak 
or seasonal power. 

(c) For reasons already given, CH^ is objec- 
tionable in gases to bo used for ammonia syn- 
thesis. This consideration wiU militate against 
the use of the coal-gasification processes, or 
steam reduction ■with hydrocarbons, except in 
cases where the decomposition of CH 4 is very 
complete. For Fischer synthesis the necessity 
for a very low CH 4 content does not hold, and 
thus coal-gasification processes arc frequently 
employed. .For fat-hydrogenation extreme 
purity is essential, hence electrolytic liydrogen 
is favoured. 

[d) The largest synthetic-ammonia plants 
operate on coke by some form of the water-gas 
cataljdic process. Two factors can explain 
this : ( 1 ) Coke is usually available in larger 
quantities than say coke-oven gas. Where the 
latter is used, the amount of hydrogen which 
can be made is regulated by the output of the 
coke ovens, in its turn depending on the market 
for coke. Thus an absolutely assured supply of 
gas may be difileult to obtain. (2) The w.ater- 
gas catalytic process is more easily adapted for 
large-scale production than most of the other, 
processes. A large number of the smaller syn- 
thetic-ammonia plants use partial liquefaction of 
coke-oven gas to supply hydrogen, but tbe 


major factor in deciding this is probably (a) 
above. There is no reason to suppose that this 
process is particularly adapted to small and 
intermediate hydrogen outputs. For very small 
outputs sueh as those required for the hydro- 
genation of fats, and where the hydrogen cost 
is hot a big factor in the total cost of the product, 
the electrolytic or iron-steam processes may be 
employed in spite of their high operating costs. 

One estimate of the relative importance of 
the various processes gives the percentages of 
the world’s total hydrogen production as fol- 
lows : Water-gas catalytic and related processes 
55%, partial liquefaction 20%, electrolysis 16%, 
all other methods 3%. 

.lAterahcre. — For a comparison of electrolytic 
and water-gas catalytic processes, see Pollitt, 
Trans. 2nd World Power Conference, Berlin, 
1931, 2, 145. For estimated cost of stages of the 
wator-giis catalytic process, see Laupichler, 
Chem. Met. Eng. 1930, 43, 122, and Gas World, 
1936, 105, 71. For cost of electrolytic hydrogen, 
Zdansky, Chem. Fabrik. 1933, 49, and of Linde 
process, Borehardt, Gas- u. Wasserfach. 1927, 23, 
1, and Metallborsc, 1930, 20, 1856. For cost of 
Fischer synthesis gas by a number of processes, 
see Schultes, Gliickauf, 1930, 72, 273. 

TECHNICAL USES. 

The relative importance of the various com- 
mercial uses for hydrogen may bo illustrated by 
the following figures appl 3 dng to the U.S.A. for 
1938. Of a total consumption of about 25 X 10® 
cu. ft., approximately 60% went to ammonia 
synthesis, 19% to synthetic methanol, 9% to 
technical isooctane, and 6 % to petroleum hydro- 
genation. No data are available for Europe, 
but the relative orders of importance would 
probably be (1) Ammonia production, (2) Motor 
fuel production including hydrogenation,, (3) 
Synthetic alcohols production, (4) Other uses. 

(1) Synthetic Ammonia (see Ammonia, Vol. 
I, 331(Z). — ^The sources of the hydrogen used in 
world production of synthetic ammonia are 
approximately as follows : Water-gas catalytic 
62-4% ; partial liquefaction coke-oven gas 
21*1 % ; electrolysis of water 17'0 % ; other pro- 
cesses 1’5%, 

(2) Motor Fuels [see Hydkogknation of 
Coal). — This represents one of the most recent 
developments in the commercial use of hydro- 
gen. It includes hydrogenation of bituminous 
and brown coals, coal distillation products, 
petroleum and petroleum residues, and hydro- 
carbon synthesis by the Fischer-Tropsch process 
which may be represented ; 

7i.CO-l-2n.H2 (CH2)n4-7i.H20. 

There are a number of Fischer-Tropsch and 
brown coal hydrogenation plants in Germany. 
In England the I.C.I. plant at BiUingham, Co. 
Durham, hydrogenates bituminous coal and 
creosote oil. In Italy there are plants hydro- 
genating Albanian crude oil and petroleum 
residues. In America plants, at Baton Rouge 
(Louisiana) and Bayrvay (N.J.) have been used 
for hydrogenation of gas oils and for the pro- 
duction of special typos of lubricants by hydro- 
genation. A recent development is the pro- 
duction of the high-efficiency aviation fuel iso- 
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octane by the hydrogenation of isooctene. 
Since in petroleum refineries there are usually 
available considerable quantities of surplus 
hydrocarbon gases, these are generally used to 
reduce steam for the production of hydrogen. 

(3) Synthetic Organic Chemicals (see Cata- 
lysis, Vol. H, 425c). — The most important pro- 
duct in this class is undoubtedly method alcohol 
or methanol produced by the reaction : 

CO-f2H2 ^ CHg-OH 

Recently there has been considerable expansion 
in the synthesis of higher alcohols by analogous 
processes. Water-gas partly converted with 
steam to give the required H 2 :CO ratio is the 
commonest starting material, but coke-oven gas 
partly burnt vith air has also been proposed. 
The gases remaining after passage through a 
methanol converter are then used for the 
synthesis of ammom'a. 

(4) Fat Hardening (see Habdeked oe 
Hyeeogekated Fatty Oils). 

(5) Lighter-than-Air Craft, — ^The develop- 
ment of the airship has been impeded by a 
number of serious accidents and by the per- 
fection of the aeroplane. Nevertheless for a 
number of speciah'sed purposes lighter-than-air 
craft are still used. For instance, protection of 
objectives from attacking aircraft is secured by 
a number of balloons moored by cables (the 
balloon barrage). The hydrogen is then re- 
quired in comparatively small quantities over 
ividely distributed areas, and the development 
of relatively h'ght-alloy steel cylinders has clearly 
helped considerably in the solution of this | 
problem. The Graf Zeppelin Co. used small elec- - 
trolytic hydrogen plants at its various bases for 
replacement of the hydrogen losses. 

(6) Heating and Welding. — ^The intense 
heat of the oxygen-hydrogen flame enables it to 
be used for autogenous welding and the flame- 
cutting of steel plate. For this reason also, it 
was once employed for producing an intense 
light for cinema lanterns, etc., by heating lime 
to incandescence. The development of the elec- 
tric arc and special forms of filament lamp has 
completely superseded “ limelight,” and for 
welding, acetylene is generally preferred because 
it is easier to generate in small quantities, is 
easily stored under pressure in acetone (dis- 
solved acetylene) and the oxy-acetylene flame 
is hotter (see Acetyeexe, Its Use rx Ixdustey, 
Vol. I, 111). For some purposes, however, the 
carbon in acetylene is objectionable, and for 
welding of aluminium on platinum, for the fusion 
of quartz to give artificial gems, and for certain 
cutting operations the oxy-h 3 -drogen flame is 
still employed (see Gejxs, Aetificiae). 

In welding tvlth the electric arc, hydrogen has 
two uses. It can be used to shield the arc, thus 
preventing the formation of oxides or nitrides 
of iron, or by passing hydrogen through an arc 
formed between two tungsten electrodes, it can 
be dissociated to atomic hydrogen. Molecular 
hydrogen re-forms 6—10 mm. from the arc with 
evolution of intense heat. An alternating cur- 
rent arc is usually employed, and the tempera- 
ture thus obtained is probably above 3,760°C. 
The development of covered electrodes for ordi- 
nary electric-arc welding has prevented any 


great extension of the use of hydrogen for 
shielding welding work from atmospheric attack, 
but for certain speciahsed purposes, e.g. the 
welding of thin sections, atomic-hydrogen weld- 
ing is still fairly extensively employed.^ 

(7) Bright Annealing,— Metallic objects 
may be annealed in an atmosphere of nitrogen 
or hydrogen or mixtures of these gases, when if 
is desired to avoid the formation of an o.xide 
scale which must otherwise be removed by 

pickhng ” in the usual manner. This process 
is termed “ bright annealing ” and it may 
actually be extended to de-scaling, but in such 
cases the finely divided metal on the surface 
of the object Treated gives a matt and not a 
burnished finish. A good example of bright 
annealing is in the production of motor-car lamp 
reflectors. The brass pressing is so deep that 
it must be done in stages, and bright annealing 
is carried out between each stage. When using 
hydrogen for the bright anneah'ng of steel parts, 
deearburisation of the surface may result. If 
this is objectionable it can be prevented by the 
introduction of a suitable quantity of hydro- 
carbons into the reducing atmosphere, 

(8) The Production of Metals. — ^Hydrogen 
is extensively used for the reduction of metalh’c 
oxides, e.g. in the production and working of 
tungsten and molybdenum. It can alscfbe used 
in the production of metallic magnesium by 
reduction of the oxide with carbon. If the CO 
and magnesium vapours issuing from the re- 
duction furnace are cooled slowly, the reverse 
reaction to that taking place in the furnace will 
occiu', resulting in the production of carbon and 

j magnesium oxide. This can be prevented by 
I rapidly chilling the gases issuing from the 
furnace with a blast of cold hydrogen. 

Literature . — Synthesis of alcohols, Natta, 
Osterr. Chem.-Ztg. 1937, 40, 162. Atomic 
hj'drogen welding, Weinman and Langmuir, 
Gen. Electric Review, 1926, 29, 160; Miller 
and Deglon, Sheet Metal Industries, 1934, 8, 
131, 189, 252 ; Guest, Metal Treatment, 1936, 2, 
17. 

TECHNIQUE AND TRANSPORT. 

Hydrogen Attack on Steel. — Compressed 
hydrogen can cause Assuring and a severe reduc- 
tion of the tensile strength and impact value of 
steel. Under some conditions this may occur at 
relatively low temperatures, e.g. 150-200°G. 
The eflect is due mainly to decarburisation, hut 
in some cases deterioration of the properties of 
the steel takes place before decarburisation and 
the effect is then due to hj^drogen adsorption. 
In general nickel-chromium-molybdennm steel 
alloj's are' more resistant to attack than mud 
steel, hut in aU cases careful heat treatment is 
required to obtain the best service. 

Literature . — ^Inglis and Andrew's, J. Iron and 
Steel Inst. 1933, 127, 2, 383, Baukloh and 
Guthmann, Z. Metallk. 1936, 28, 34, descnbes 
also the effect of hydrogen on Cu, Ni and AI. 

Hydrogen Transport. — ^During the last few 
years the difficulties of transport of all com- 
pressed gases, including hydrogen, have been 
to some extent reduced by the development of 
relatively fight cylinders of special alloy steels. 
One very convenient form in which hydrogen 
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may be transported is as liquid ammonia. 
Passage of ammonia gas at low pressures over 
catalysts similar in typo to those used for the 
ammonia-synthesis reaction and operating. at 
about 600°C. results in practically complete 
(99'5%) decomposition to Nj-f-SHg. The space 
velocity employed is about 500 cubic metres of 
gas per hour per cubic metre of catalyst. A 
100 lb. cylinder of anhydrous ammonia contains 
the equivalent of 3,400 eu. ft. of hydrogen, and 
for a large number of purposes, c.g. bright an- 
nealing, the presence of 25% nitrogen in the 
hydrogen obtained is of no serious consequence. 
The apparatus for decomposing the ammonia 
is usually termed an “ ammonia cracker.” 
“ Cracked ” methanol, whieh is a 2:1 mixture of 
hydrogen and carbon monoxide, can also be used 
for a number of purposes, although the presence 
of carbon monoxide limits its applications as 
compared with “ cracked ” ammonia. 

Suggestions have been made to transport 
hydrogen as a liquid at 1 atm. absolute pressure 
in heat-insulated containers. Liquid oxygen is 
transported by such methods, but liquid hydro- 
gen in comparison has a number of very serious 
disadvantages. The temperature is — 253°C., 
the specific gravity only 0'07, and problems of 
transport are complicated by the continuous 
evolution of an inflammable gas, due to heat 
leaks into the container, and the exothermic 
change from ortho- to para-hydrogen which takes 
place at low temperatures. 

Literature .' — ^Ammonia Crackers, B.P.473696. 

H. S. C. and P. H. S. 
HYDROGEN ION DETERMINA- 
TION. The relative acidity of an aqueous 
solution is the most important single factor 
determining its properties and reactions. Tliis 
“ acidity " is measured by the concentration 
of hydrogen ions in the solution and, since this 
quantity may vary over a very wide range, it is 
convenient to express it on a logarithmic scale. 
The convention, that is now always followed, 
was introduced by Sorensen (1909) who used the 
term pg and defined it by the following expres- 
sion : 

logioYH+j 2’H=-Rgio[H+] 

where [H+] is the hydrogen ion concentration of 
the solution. It is now known that these ions 
are hydrated and they would be written more 
correctly as H3O+, but as it is still customary 
to represent them as H+ this simpler practice 
will be followed. 

A perfectly pure sample of water will be 
neutral but it still has some electrical conductivity, 
indicating that there are charged particles (ions) 
in solution. In this case they are hydrogen and 
hydroxyl ions, formed by the dissociation of the 
water, , 

H20^H+-f0H-, 

and they must be present in equal concentra- 
tions. If by any means the hydrogen ion con- 
centration is made larger than that of the 
hydroxyl the solution is said to be acid while, 
if the converse is the case, the solution becomes 
more alkaline as the excess of hydroxyl ions 
increases. The electrolytic dissociation tieorj^’ 


indicates that the product of the concentrations 
of these two ions is a constant which is known 
as the ionic product for water. This quantity 
has been measured and at 25°C. is equal to 

1-42x10-“ 

when concentrations are given in gram ions per 
litre. The quantity changes with temperature 
and at 22°C. is equal to 

1-01 X 10-“ 

and at room temperature the following expres- 
sion is nearly correct : 

[H+][OH-]=10-“ 

If the hydroxyl ion concentration is measured on 
the logarithmic scale, defining pou in a fashion 
analogous to pg, one can write 

logio[H+]+logaOH-]=-141ogio 10=-14 
or 

Hence the acidity or alkalinity of any aqueous 
solution can be expressed in terms of either pg 
orpoH : if the pg is greater than’ seven the solution 
is alkaline and if smaller it is acid. The measure- 
ment and control of the above quantities are 
important whenever an aqueous solution is used 
and it is therefore not surprising thatpg measure- 
ments arc employed in the most diverse types of 
industrial processes, among which are the refining 
of sugar, the manufacture of sweets, the tanning 
industry, brewing, medicine, bacteriology and 
the preparation of pharmaceutical products. 

The Hydrogen Electrode is the ultimate standard 
to which all determinations of pg are referred. 
Finely divided platinum or iridium is able to 
act as' a catalyst by means of which hydrogen 
gas can be converted reversibly into hydrogen 
ions, according to the equation 

H2(gas)^2H+-b2© 

and when a plate, covered with platinum black, 
is lowered into a solution that has hydrogen gas 
above it the above reaction will tend to take 
place. The metal plate will take up the free 
charge, indicated by ©, until the electric 
potential between the plate and the solution has 
built up so as to prevent further change. This 
potential is a measure of the tendency of the 
hydrogen gas to split up into ions and pass into 
the given solution, and any practical apparatus 
for this measurement can be called a hydrogen 
electrode. ' It can be shown that, if the hydrogen 
gas is at one atmosphere and the potential of 
the electrode is E volts, the following relationship 
holds : 

E=-^log« [H+] 

where T is the absolute temperature, F the 
Faraday and R the gas constant. Or at 18°C. 

E=-0-058 logi6[H+], i.c.pg=^ 

In order to measure the potential between the 
platinum plate and the solution the latter must 
bo connected to the measuring instrument. This 
is done by means of another electrode system 
where there is a solid conductor in contact with 
a solution. A second potential difference is 
thus involved which must he as comtanb and 
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reproducible as possible in different apparatus. 
The calomel half-element is the device that is 
normally used, it consists of a layer of pure 
mercury connected with the potentiometer by a 
platinum wire fused through the bottom of the 
vessel. The mercury is covered with a solution 
of normal potassium chloride .that has been 
saturated with mercurous chloride, the excess of 
which forms a thin layer on the surface of the 
metal. Provided that the calomel half-element 
has been set up with pure chemicals the E.M.E. 
between solution and mercury is -}-0-2816 volts 
at 25°C. with a temperature coefficient of 
— 0-00024: volts per °0. It is possible to make 


up standard cells in a similar fashion with 
solutions that are respectively N/10 or saturated 
with potassium chloride; the E.M.F.’s of these 
cells at 25°0. are -}- 0-3341 and 0-2426 volts 
respectively and their temperature coefficients 
-0-00070 and -0-00076 volts per °C. (see 
Lewis, Brighton and Sebastian, J. Amer. Chem. 
Soc. 1917, 39, 2245; Randall and Young, ibid. 
1928, 50, 989 ; D. A. Macinnes, “ The Principles 
of Electrochemistry,” Reinhold, New York 
1939; p. 247). 

Contact between the potassium chloride solu- 
tion and that around the hydrogen electrode is 
normally made through a fl -shaped capillary or 
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quill tubing “ salt bridge ” that is filled with 
either saturated potassium nitrate or saturated 
potassium chloride solution. A typical set up 
of a hydrogen electrode hnd calomel half-element 
is shown in fig. 1. The E.M.F. of the complete 
cell is measured with a potentiometer and a 
high resistance galvanometer using the usual 
Poggendorff method ; the Pn of the solution 
around the hydrogen electrode is calculated from 
the following expression : 

E.JI.F. — E.M.F. 

1 n observed calomel electrode 

-logio[H+]=pji = 


The hydrogen electrode has certain limitations 
■which restrict its use and may introduce errors. 
One of the most serious of these is the ease ■with 
■which the platinum black adsorbs “ poisons 
which prevent it acting efficiently as a catalyst 
for the interchange of hydrogen ions and hydro- 
gen gas. Arsenic, hydrogen sulphide, mercury 
and certain organic dyes are common materials 
producing this trouble, ■which manifests 
by abnormal values and by a tendency for the 
measured pa to change erratically ■H’ith time. 
A further difficulty is introduced by the possible 
interaction of the hydrogen, which is in an active 
condition on the platinum surface, with any 


0-058 
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reducible substance in tbe surrounding solution. 
Strong oxidising agents, salts of easily reduced 
metals, or organic compounds will consequently 
interfere with the functioning of the electrode, 
and it should never be used in their presence. 
The pjj of such solutions may be found by one 
of the secondary methods : i.e. by a comparison 
of the unknown solution with one whose pjj 
is known from hydrogen electrode measure- 
ments. 

Colorimetric Methods provide a very simple 
and convenient way of effecting this comparison. 
A suitable indicator is added to the solution and 
the colour compared with the shade that it 
assumes in a series of solutions whose pjj values 
are known. The simplest form of apparatus for 
this purpose is sho^vn in fig. 2. It consists of a 
block of wood, or other suitable material, e.g. 
hakehte, in which six holes are bored so that 
test-tubes can be slipped into them. Slits are 
cut in the block tlirough which the colour of the 
light that passes through each of the three pairs 
of tubes in the direction of the arrow can be 
compared. 

The middle pair of tubes contain the solution 
to be tested with a little of the indicator added 
and plain water respectively. Each of the outer 


ABC 



pairs of tubes contain respectively the test solu- 
tion without indicator and a solution of known 
Ph containing an equal concentration of indicator. 
The tubes of known are changed until the 
colours observed through the slots match, or if 
that is impossible, a slightly lighter colour is 
observed on one side of the test solution and a 
darker colour on the other. The pjj of the 
solution can then be said to be between those 
of the two standards and a visual estimate of its 
value can be made. The procedure described 
compensates for any colour in the test solution 
unless this is very strong, in which case the 
colorimetric method is not applicable. 

Provided that the indicator and conditions 
are standardised it is possible to replace the 
tubes containing the indicator and standard 
solutions with coloured glass which is not sub- 
ject to change and deterioration. A number of 
convenient types of apparatus, “ comparators,” 
are now on the market in which a series of glass 
discs are suitably mounted — generally in a ring 
BO that one after the other is compared with the 
unknown solution imtil a match is obtained. 

When solutions of kno^vn pg have to be made 
up it is obviously desirable that their hydrogen 
ion concentrations shall be practically unchanged 
by the addition of other substances. Eor 
VoL. VI.— 22 


example, they must change as little as possible 
owing to the absorption of aUrali from a glass 
vessel, or carbon dioxide from the air. -Solutions 
that have a reserve acidity or aUralinity so 
that the hydrogen ion concentration changes 
but slightly on dilution and on the addition of 
acids and alkalis are called “ buffer solutions.” 
They are generally made by mixing a weak acid 
or base with a solution of one of its salts, the 
effect of which is illustrated by the following 
figures. If 1 c.c. of normal hydrochloric acid 
is added to 100 c.c. of water the pg changes from 
7 to 2, i.e. 5 units. A 0-0256 molar potassium 
dihydrogen phosphate solution which is also 
0*0411 molar -with respect to disodium hydrogen 
phosphate also has a pg of’7, but when 1 c.c. of 
normal acid is added to a corresponding volume 
thepg is only reduced to 6-76. 

A large number of buffer solutions are avail- 
able, most of them covering a range of 2-3 pg 
units. Britton and Robinson (J.C.S. 1931, 
1456), however, have described a “ universal 
buffer solution ” which works from pg 3-5 to 9. 
It is prepared by taking a jV/35 solution of 
hydrochloric acid and adding sufficient potas- 
sium dihydrogen phosphate, citric acid, boric 
acid and veronal so that when they are dis- 
solved the solution is N/35 with respect to the 
replaceable hydrogen of each of them. Then if 
X c.c. of pure carbon-dioxide-free jV/2 caustic 
soda solution is added to each 100 c.c. of the 
above solution the pg of the resulting mixture is 
given by the expression pg=2*686-f 0‘0853a;. 
Provided the chemicals are pure these figures 
should be correct to 0-02 of a unit of pg. 

' The colorimetric method has many advan- 
.tages; it is rapid in action, uses only simple 
apparatus and can be readily adapted to 
specialised needs. For example, it can be used 
with very small quantities if the liquids to be 
compared are contained in capiUary tubes. 
These advantages should not cause errors to 
which the method is subject to be overlooked. 
The indicator used has its own acidic properties 
and if the solution to be tested is not buffered 
its Pg may be changed appreciably when the 
indicator is added. This effect is called “ the 
acid error ” ; and it may be eliminated by first 
making a rough determination and then buffer- 
ing the indicator so that it is approximately 
isoelectric with the test solution. This mixture 
is then used for a more accurate determination 
of the Pg. Errors may also be introduced when 
certain other materials are present in the solu- 
tion ; these are commonly kno^vn as “ salt ” or 
“ protein errors ” and they may become very 
large indeed under unfavourable conditions. 
Thus a O-OlN-hydrochloric acid and 0-29iV- 
potassium chloride solution has a pg of 2*05, 
but the value determined with Methyl Violet is 
1-91, with Methyl Green it is 1*82, while with 
TropEcoline 00 it is 2-02. Similarly a dilute 
sulphuric acid solution containing egg albumin 
gave a pg value of 2-49 with the hydrogen 
electrode, but colorimetricaUy it was 2-53 using 
Methyl Violet and of the order of 5*0 using Congo 
Red. The indicators recommended by the 
manufacturers to cover a given pg range are 
norraally those which give as small a salt and 
protein error as possible. 



S38 


SYDboaEN 10b determination: 


The Quinhydrone Electrode is the most com- 
mon method of measuring by a potentio- 
metric procedure. The conditions for the use 
of the electrode were first worked out by E. 
Biilmann (Ann. Chim. 1921, [ix], 15, 109 ; 1921, 
[ix], 16, 321). Later the electrode was studied 
in detail by Livingstone, Morgan afid colla- 
borators (J. Amer. Chem. Soc. 1931, 53, 454, 
597. and 2154; idem., ibid. 1932, 54, 910) who 
confirmed the earher work showing that the 
electrode is quickly and easily prepared, develops 
its potential very quickly, is not affected by 
atmospheric pressure and, since it does not 
require a gas to he bubbled through the solution, 
can be used for work on body fluids containing 
carbon dioxide. To set up an electrode it is 
only necessary to immerse a bright platinum 
plate in the test solution, to which a little quin- 
hydrone has been added, and then measure the 
E.M.F. between the plate and solution, employ- 
ing a standard calomel half-element in an 
identical fashion to that used for the hydrogen 
electrode. It is best to have the platinum plate 
on a long length of platinum "wire ; if this is 
impossible and the wire is sealed through glass 
which is in contact with the solution great care 
must be taken that the seal is a perfect one or 
considerable error may be introduced. The 
electrode should be cleaned in boiling cleaning 
mixture, allowed to cool, washed in a stream of 
tap water, then in distilled water and after 
rinsing in alcohol allowed to dry. With ordinary 
laboratory apparatus satisfactory results are 
obtained with an electrode that is 1 cm. square 
or larger. The electromotive force E taken up 
by the platinum with respect to the solution 
will be determined by the following equation : , 

C6H4O2+2H-<-1-20^CcH4(OH)2. 

The concentrations of quinone and hydro- 
quinone are the same, since they are introduced | 
as the molecular compound quinhydrone and 
the only other variables are the hydrogen ion 
concentration and the tendency of the solution 
to give up electrons. Consequently E should be 
a function of the hydrogen ion concentration 
and it is found that 

at 20°C. E=0-7044-l-0-0581 logio[H+] 

and at 25°C. E=0-6994-}-0-0591 logjo[H+] 

For precision work a saturated solution of the 
quinhydrone is employed but in works control, 
where there is a continuous recording of p^ and 
costs become important, it is possible to reduce 
the concentration to 1 part in 10,000 and still 
obtain an accuracy of iO'OA pn units (C. C. 
Coons, Ind. Eng. Chem. [Anal.], 1931, 3, 402). 

The chief disadvantage of the quinhydrone 
electrode is that it is unsuitable for use above 
Pii 8-5, where the acid character of the hydro- 
quinone begins to manifest itself and hence there 
is a tendency for it to react with the solution ; 
the atmospheric oxygen also, begins to attack 
the quinhydrone at about this p}i value. 

The errors introduced by salts have been 
studied by Biilmann (l.c.) and akso by Hovorka 
and Bearing (J, Amer. Chem. Soc. 1!?^5, 57, 446). 

'\ 


The magnitude of the errors to be anticipated art 
shown by the following figures : 


Salt concentration. 

Error in pa measured 
by the quinhydrone 
electrode. 

NaCI . . . 

N. 

0-4 

unit of Pa. 

-0-02 

KCI ... 

2-0 

-0-09 

MgSO^. . . 

1-0 

-fO-02 

(NH 4 ) 2 S 04 . 

0-5 

-hO-019 


1-0 

-fO-038 

99 

2-0 

-bO-078 


It will be seen that the results for amraonium 
sulphate indicate that the error is nearly pro- 
portional to the salt concentration. This 
relationship was also found with the errors 
introduced by other salts. If the concentration 
is not large the salt and protein error can bo 
neglected for most practical purposes. 

The Glass Electrode has in recent years found 
increasing use, especially in physiology and bio- 
chemistry. Its popularity is due to the pro- 
duction of suitable electrodes and measuring 
instruments as standard commercial articles. 
Earlier work was hampered by the difficulty of 
E.M.F. measurements through the high resist- 
ance of a glass diaphragm, but this has been 
overcome by the use of special glasses that have 
a mmimum electrical resistance and by the 
cheap production of wireless valves that can be 
made to work as voltmeters even when the 
external resistance is high — a hundred megohms 
or more. It must be reaUsed that there is no 
satisfactory theoretical relationship between a 
glass electrode and a solution of given pn> but 
that it does serve as an method of comparing a 
series of solutions. In practice the electrode is 
standardised against a knowm buffer whose pn 
is as near as possible^ to that of the unknown 
solution. 

[ The most common form of glass electrode is a 
thin-ivalled bulb a few centimetres in diameter 
which contains an acid solution saturated with 
quinhydrone into which a platinum vdre is 
dipping. The tube is generally sealed off and 
consequently the external lead is connected to 
one side of the glass diaphragm under constan 
conditions. This bulb is then dipped into the 
test solution and the circuit completed with a 
calomel half element in the usual manner, it is 
then found that the E.M.F. of the bidb wi 
reference to the solution varies with its hydrogen 
ion concentration in the range of 2-8 um s 
and can be represented by the familiar type o 
formula in which Eg is the E.hl.F. thid u 
electrode would take up in a solution 
normal with respect to hydrogen ions and /- i 
a constant. 

E=Eo-/-logioCH+] 


The most suitable glass available for the con- 
struction of electrodes contains 72% Sicij, 
22% Na,0 and 6% CaO and is known coin- 
mercially” as Coming 015 glass (see Hughes J.V. 
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1928, 491 ; Dole et at., J, Amer. Chem. Soc. 1930,' 
52, 29 ; Trans, Eleefcrochem. Soc. 1937, 72, 129 ; 
Gardiner and Sanders, Ind. Eng. Chem. 
[Anal.], 1937, 9, 274). 

Even when the glass electrode is properly 
made it is necessary to watch for irregularities 
that may he introduced by dissolved salts and 
organic materials. Considerable work has been 
carried out to find the conditions under which 
these errors become pronounced. In general it 
may be said that the greater the salt concentra- 
tion the lower the pjj at which the electrode will 
function satisfactorily. For example, in the 
presence of O-lA-sodium chloride the electrode 
is satisfactory up to pjj 10-6, but with a normal 
solution the errors become serious at above 
See Gardiner and Sanders (l.c.). 

As the temperature is increased the difiiculties 
in using a glass electrode are greatly increased. 
The deviations become very much larger, also 
the readings obtained are not consistent and 
consequently, unless special precautions are 
taken, the glass electrode should not be used 
above 30°C. A further difficulty- is that the 
glass used is of the soft variety and, if the test 
solution is unbuffered, sufficient affiali may be 
taken from the glass to effect a considerable 
change in the p^ (see Humphreys, Chem. and 
Ind. 1939, 58, 281). In spite of its errors the 
glass electrode provides a very Convenient 
mechanism for investigating the p^ of solutions 
where other methods are impossible. It is not 
affected by oxidising or reducing agents, it does 
not introduce salts or other obnoxious materials 
into the specimen to be tested and the electrode 
does not deteriorate with time ; moreover the pjj 
range 5-7 in which the electrode functions best 
is the one which includes most biological fluids. 
Hence it is not surprising that the electrode is 
much used especially where speed rather than 
extreme accuracy is required. 

The Antimony Electrode is sometimes used 
when a rough comparison of the pu of similar 
solutions is required. It consists of a rod of 
antimony covered with a superficial layer of 
oxide by atmospherie oxidation. It is claimed 
that greater uniformity is obtained if the metal 
is covered with a layer of sulphide (Ball, Schmidt 
and Bergstresser, Ind. Eng. Chem. 1934, 6, 
[Anal.], 60 ; Ball, Trans. Electrochem. Soc. 
1937, 72, 235) ; the general conditions for its 
use have not been sufficiently worked out, and 
it is not recommended except when- cheapness 
and simplicity are the all important factors. 

Bibliography, — Britton, “ Hydrogen Ions,” 
Chapman and Hall, 1932 ; Clarke, “ The Deter- 
mination of Hydrogen Ions,” 3rd ed., Williams 
and Wilkifas, 1928 ; Jorgensen, “ Die Bestim- 
mung der Wasserstoffionen-konzentration und 
deren Bedeutung fiir Technik und Landwirt- 
schaft,” Theodor Steinkopff, Dresden, 1936 ; 
Maclnnes, “The Principles of Electrochemistry,” 
Reinhold Publishing Corporation, New York, 
1939. 
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HYDROGEN OVERPOTENTIAL {v. 
Vol. Ill, 3766). 

. HYDROGEN PEROXIDE. History.— 
Hydrogen peroxide, HgOj, was discovered in 
1818 by Thenard (Ann. Chim. Phys. 1818, [iij. 


8, 306; 9, 61, 94, 314, 441) who obtained it by 
the action of acids on barium peroxide. Thenard 
found that the new substance behaved as 
“ oxygenated water,” and established its formula 
as HgOg. He also described many of its cha- 
racteristic properties, including the decomposi- 
tion by solid catalysts and by heat, and showed 
that as one of the oxygen atoms is only very 
loosely bound the compound is a powerful 
oxidising agent. At first hydrogen peroxide 
Avas obtained only in dilute aqueous solution, but 
it was later found possible to concentrate it by 
evaporation rmder reduced pressure, and in 
1904 the firm of E. Merck (G.P. 152173) pro- 
duced a concentrated solution free from solid 
residue by direct distillation of the solution 
resulting from the action of sulphuric acid on 
sodium peroxide. The important electro- 
chemical method of preparation, based on the 
formation of persulphuric acid, Avas patented 
in 1907 (G.P. 217539). Substantially pure 
H2O2 Avas first obtained by Wolffenstein in 1894 
(Ber. 1894, 27, 3307), and in 1920 Maass and 
Hatcher (J. Amer. Chem. Soc. 1920, 42, 2548) 
starting, with a 3% solution prepared pure 
hydrogen peroxide by fractional distillation and 
evaporation and finally by crystallisation. 

Nahiral Occurrence . — Extremely minute quan- 
ties of HgOg are said to occur in the atmosphere 
and in natural Avaters. E. Schdne (Ber. 1874, 
7, 1693 ; 1878, 11, 483, 561, 874, 1028) reported' 
up to 1 mg. HjOg per litre in rain Avator, but 
only 0-05 mg. per litre in deAV and boar frost. 
The atmosphere Avas said to contain about 
4x10"^® g. H 2 O 2 per litre. Schone and others 
concluded that it is formed in the atmosphere 
by the action of sunlight. HoAvever, much of 
the early Avork on the natural occurrence of 
traces of HgOa is untrustworthy and lacks 
modem confirmation. 

Similarly, early reports of the occurrence of 
H 2 O 2 in animal and vegetable tissues are un- 
reliable. However, recent Avork has established 
beyond doubt the presence of HgOg in various 
biological systems. Working Avith lactic fermen- 
tation bacteria (Avhich contain no catalase {q.v.) 
— ^the common enzyme Avhich decomposes HgOg) 
Bertho and Gliick (Naturwiss. 1931, 19, 88) 
claimed to have made quantitative estimations 
of the hydrogen peroxide produced. Tanalca 
(Biochem. Z. 1925, 157, 425) identified H 2 O 2 as 
a primary product of respiration Avhen Chlorella 
Avas illuminated. It is generally held that 
hydrogen peroxide is an intermeffiato product 
in biological oxidations, although usually so 
rapidly decomposed that detectable concentra- 
tions are not formed. According to Avery and 
Morgan (J. Exp. Med. 1924, 39, 275) appreciable 
amounts accumulate in a broth culture of 
Pneumococci or of Staphylococci provided air is 
present and catalase, peroxydase and other 
enzymes Avhich decompose HgOg are absent. 
Fromageot and Roux (Biochem. Z. 1933, 267, 
202) foimd that the fermentation of sugar by 
B. hulgaricus is inhibited because of the accumu- 
lation of HgOg. 

Hydrogen peroxide has also been found in the 
fermentation of tea (Biochem. J. 1939, 33, 836) ; 
in leaves of sugar cane (So and Nisioeda, Kept. 
Govt. Sugar Expt. Sta. Tainan, Formosa, 1939, 
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No. 6, 52) ; and in cultures of various bacteria 
such as Pneumococci (Johnstone, J. Path. Bact. 
1940, 51, 59) and hEcmolytic Streptococci (Hadley 
and Hadley, J. Bact. 1940, 39, 21 ; Proc. Soc. 
Exp. Biol. Med. 1940, 43, 102). 


formed by the action of atomic hydrogen on 
oxygen at —115° may be the isomer 





O O 


Formation. 

From the Elements or Water. — Small amounts 
of hydrogen peroxide have been detected in the 
water formed by the combustion of hydrogen in 
oxygen. Traube (Ber. 1885, 18, 1890, 1894) 
and Engler {ibid. 1900, 33, 1109) concluded that 
H 2 O 2 is the primary product of combustion : 
normally, it is decomposed at the high tempera- 
ture, but appreciable quantities can be observed 
if the flame is cooled. Lewis and Randall, 
“ Thermodynamics,” 1923, however, calculated 
the theoretical amount of HgOp in the oxy- 
hydrogen flame at 2,000-3,000°k. from the 
thermodynamics of the reaction : 

2H204-02=2H202 


and found that the concentration must be 
infinitesimal at that temperature, and, hence, 
the considerable amounts detected by Traube 
must be formed in the cooler parts of the flame, 
probably at 500-1, 000°0. 

Hydrogen peroxide is also formed in the ex- 
plosion of hydrogen with excess oxygen ; in a 
spark discharge under water ; in a silent electric 
discharge through a mixture of water vapour 
and oxygen ; in a Tesla discharge in moist air 
and in other similar circumstances. Fischer 
and Wolf (Ber. 1911, 44, 2956) succeeded in pre- 
paring a solution of hydrogen peroxide con- 
taining 86-9% HgOg by passing a silent electric 
discharge through a non-explosive mixture of 
oxygen and hydrogen (97% Hg, 3% Og) at the 
temperature of liquid air. 

In all these modes of formation, the HgOg is 
probably derived from short-lived atoms, ions 
or free radicals {e.g. OH and HOg) by such 
reactions as : • 

H02-bHg=H202-bH 


(For the theory of combustion of hydrogen, see 
Hinshelwood and Williamson, “ The Reaction 
between Oxygen and Hydrogen,” Oxford Uni- 
versity Press, 1934.) Atomic hydrogen has 
been used to study mechanism of formation 
of hydrogen peroxide (Taylor and Marshall, 
J. Physical Chem. 1925, 29, 842; Bonhoeffer 
and Loeb, Z. physikal. Chem. 1926, 119, 385, 
474). More recently, Bodebush and his col- 
laborators (J. Chem. Physics, 1933, 1, 096; 
ibid. 1936, 4, 293; J. Amer. Chem. Soc 1937, 
59 1924) and others have investigated its pro- 
duction in an electrodelcss discharge in water 


Hvdrogon peroxide is formed in the electro- 
sis^ of certain dilute aqueous solutions,_but in 
nst cases (e.g. with dilute sulphuric acid) this 
not Strictly formation from the elements but 
rather a secondary product from the d^om- 
isition of per-compounds 

7c‘a?r a” 


(Geib and Harteck, Ber. 1932, 65 [B], 1551). 

Detectable amounts of HgOg are formed by 
irradiating pure water containing dissolved 
oxygen mth X-rays or a-, )3- or y-rays (Fricke, 
J. Chem. Physics, 1934, 2, 349, 556; Nurn- 
berger, ibid. _ 1936, 4, 697). Ultra-violet light 
acts similarly in the presence of zinc oxide, 
which behaves as a photosensitiser (Baur and 
Neuweiler, Helv. Chim. Acta, 1927, 10, 901); 
otherwise very short ultra-violet is needed to 
produce any photochemical reaction. Sonic 
vibrations of frequency 9,000 (Flosdorf, Cham- 
bers and Malisolf, J. Amer. Chem. Soc, 1936, 
58, 1069) and ultrasonic waves of frequency 
540,000 Hz. (Schultes and Gohr, Angew. Chem. 
1936, 49, 420) are said to produce traces of HgOo 
in water saturated with Og. 

In Oxidation Beaclions. — According to Lenher 
(J. Amer. Chem. Soc. 1931, 53, 2420, 3737, 3762) 
hy^drogen peroxide is a secondary product of the 
combustion of hydrocarbons, and it has also 
been found in the condensate from flames im- 
pinging on ice of hydrogen, alcohol, coal gas, 
ether and earbon disulphide (Engler, Ber. 1900, 
33, 1109) and methane (Riesenfeld and Gurian, 
Z. physikal. Chem. 1928, 139, 169). 

Hydrogen peroxide is formed in certain so- 
called “ autoxidation ” reactions, including the 
slow oxidation of various organic materials such 
as turpentine in the presence of air and water 
(Kingzett, Chem. News. 1878, 38, 224), and when 
finely divided Zn, Mg or Al is shaken with 
water containing oxygen, or with dilute acids 
in the presence of air (Traube, Ber. 1893, 26, 
1471 ; Fryling and Tooley, J. Amer. Chem. Soc. 
1936, 58, 826; Muller and Barchmann, Z. 
Elektrochem. 1934, 40, 188). Furman and 
Murray (J. Amer. Chem. Soc. 1936, 58, 429) 
suggested that the formation of HgOg when 
mercury dissolves in dilute HCI saturated with 
oxygen probably -occurs by way of HOg pro- 
duced from atomic hydrogen and molecular 
oxygen at the mercury surface. Similar views 
were expressed by ChurchUl (Trans. Electro- 
chem. Soc. 1939, 76, 341) with regard to the 
corrosion of AI. 

Certain autoxidation reactions in which 
hydrogen peroxide is formed have been proposed 
for its technical preparation. These include 
the oxidation of anthraquinone and similar 
substances by air or oxygen to quinonoid com- 
pounds, and of hydrazo- to azo-compoimds (e.g. 
B.P. 489978-9). The formation of lij'drogen 
peroxide in the enzymic oxidation of amino- 
acids J7J vitro (BernJieim et al., J. Biol. Chem. 
193G, 114, 657) and in other biological processes 
may bo analogous. It is also said to be formed 
in catalytic dehydrogenations of MeOH and 
EtOH (Macrae, Biochem. J. 1933, 27, 1248), 
From Peroxides. — Hydrogen peroxide is pro- 
duced in good .yield when metallic peroxides of 
the tv^cs M'gOg, M^Og are dissolved in dilute 
acids in the cold. Tlie peroxides used are those 
of Ba, Na or K; the acids recommended include 
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H2SO4, HF, H3PO,, H^SiFe, HNO3, HCl, 
tartaric and carbonic, and the method is con- 
venient if the salt formed is sparingly soluble. 
The most common method of preparation in 
the laboratory is by the addition of barium 
peroxide to the calculated quantity of cold 
(ca. 10°C.) dilute HgSO^ (1 vol. acid to 5 vol. 
water) : 

Bn02~l- H BsS 0^-|- H 2 O 2 . 

The filtrate, after removal of the precipitated 
barium sulphate, is a practically pme solution 
of H2O2 of about “ 8-volume ” strength (8 vol. 
of oxygen liberated from 1 vol. of solution by 
boiling with a catalyst). Carbon dioxide can 
be used instead of sulphuric acid : 

Bn02-f- C02"l“ H 2^ “ BSCO3-I- H 2O2. 

Combinations of other peroxides and other acids 
have been recommended le.g. K2O2 with tar- 
taric acid), and the usual methods may be 
applied to precipitate excess salts or, alter- 
natively, the hydrogen peroxide can be separated 
by distillation under reduced pressure. 

From Per-Acids and Their Salts . — ^Hydrogen 
peroxide is obtained very efiSciently by the 
lij'drolysis of permonosulphuric acid (Caro’s 
acid) : 

H2S06-bH20 = H2S04-hH202. 


In technical practice persulphuric acid (pre- 
pared by electrolysis) is distilled under reduced 
pressure, Caro’s acid being formed as inter- 
mediate : 

H 282034- H 2O = H 28 O5+ H 28O4. 


The hydrogen peroxide formed distils off and 
is obtained as a pure solution. Persulphates give 
hydrogen peroxide when warmed with acids : 


K2S208-f H2S04=K2S20,-f- H28O 
H2805-i- H20 = H28044- H 2 O 2 
K28207-t-H20=2KHS04 (solid). 


s 


Concentrated HjOj can therefore be produced 
by direct distillation from potassium or am- 
monium persulphate, provided a small amount 
of H28O4 is present. 

Percarbonates similarly give H2O2 by hydro- 
lysis, even in the cold : 

K2C203-f2H20=2KHC03-FH202. 

Perphosphates {e.g. potassium perdiphosphate, 
K4P20g) and numerous other per-compounds 
may give rise to H2O2, although in practice 
many of them are' prepared from it. 

See also B.P. 297880, 316919; G.P. 528461, 
333111 ; Lowenstein, Z. Elektrochem. 1928, 
34, 784; Walton and Filson, J. Amer. Chem. 
Soc. 1932, 54, 3228. 


Technical Peepaeation. 

The Persulphate Process . — ^The electrolytic 
preparation of persulphates (see above), followed 
by their hydrolysis, has now become the chief 
method in use for the technical manufacture of 
hydrogen peroxide, (For a comprehensive ac- 
count and list of patents, see Machu, “ Das Was- 
serstoffperoxyd und ^e Perverbindungen,” 


J. Springer, Vienna, 1937). The process has 
developed in three stages ; 

(1) Originally, persulphuric acid was made by 
the electrolysis of sulphuric acid, and hydrogen 
peroxide was separated by warming and vacuum 
distillation of the solution. 

(2) Later, in place of sulphuric acid, am- 
monium sulphate dissolved in sulphuric acid 
was used as electrolyte, and the resulting am- 
monium persulphate was converted to the 
sparingly soluble potassium salt by adding 
KHSO4. The potassium persulphate which 
separated was subjected to vacuum distillation 
with sulphuric acid and steam. 

(3) More recently, ammonium persulphate 
solution has been vacuum-distUled directly with- 
out conversion to the potassium salt. 

AU three are cyclic processes as the residue 
from distillation is used again. 

For a discussion of the theoretical principles 
which determine the efficiency obtained in the 
electrolytic preparation of persulphuric acid and 
persulphates, see Machu, op. cit., Ch. XI ; 
Essin et al., Z. Elektrochem. 1927, 33, 107 ; - 
1933, 39, 891 ; 1935, 41, 261 ; Z. physikal. Chem. 
1932, 162, 44; Riesenfeld and Solowjan, ibid. 
1931, Bodenstein-Festband, 405. 

The following general conditions have been 
found desirable in practice. The anolyte must 
be very pure owing to the catalytic action of 
impurities such as heavy metal ions; it is 
necessary to repurify it at intervals by distilling 
the sulphuric acid in quartz vessels or, by recry- 
staUising the sulphate. For the same reason, all 
parts of the cell must be free from injurious im- 
purities. For instance, the copper conductors 
must be lead-coated, or alternatively, lead or 
aluminium connections can be used. Smooth 
platinum is the best material for the anode, and 
since only a small surface area is required this 
may take the form of a thin strip of platinum 
foil on the surface of conducting bars of tantalum 
(G.P. 386514) or on aluminium (G.P. 591263) 
which has been previously anodically oxidised. 

Various methods have been devised to avoid 
the use of a diaphragm to separate the anode 
and cathode compartments {e.g. G.P. 195811, 
257276, 271642), but more often a thin dia- 
phragm of unglazed porcelain, kieselguhr or 
S3Tithetic resin is used, and in this case the 
cathode can be of lead. It is usually in the 
form of a coiled pipe through which cooling 
water is passed. 

In general, the efficiency of persulphate for- 
mation increases with the anodic current density. 
With sulphuric acid as anolyte there is an opti- 
mum acid concentration (sp.gr. l-60-l'45, 
depending on the current density). Replace- 
ment of some of the H2SO4 by ammonium sul- 
phate increases the efficiency considerably and, 
in fact, a recent process uses ammonium bisul- 
phate alone. The volume of anolyte between 
the anode and diaphragm should be small ; one 
arrangement (G.P. 567542) employs a thin film 
of liquid flowing rapidly over the electrode at a 
temperature of 10-15°G. 

An example of a persulphate unit cell is 
shown in flgs. 1 and 2, taken from G.P. 567542. 

The anolyte flows into the cell through a glass 
tube (6) and then upwards through a narrow 
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space between the cylindrical porons pot (3) 
and a close-fitting glass vessel (5) and finally 
leaves the cell at the over-flow (4). Between (3) 
and (5) is the anode (12) which consists of a 
number of vertical Pt-Ta strips connected at 
the top (9). The cathode is a spiral lead pipe (14) 
through which cold water circulates, eventually 
passing into the inner vessel (5) and out at the 
top. When a number of cells are worked in 
series the catholyte and anolyte are fed into the 
first cell (which is highest) and then flow from 
cell to cell by gravity. With sulphuric acid as 
electrolyte an anodic current density of 0-6-0-8 
amp, per sq. cm. is used: If the anode com- 
partment is o cm. in diameter, 50 cm. high and 
0-2-0-3 cm. thick the capacity is 180-230 c.c. 




/ I 

7 21 


Fig. 1. — Diagba?! of the Weissen-steemee 
Peesuephate Cell (Machu, op. ciL, Fig. 13). 

The rate of flow of anolj'-te is about 3-25 c.c. 
per amp. per minute, and a current of 80-100 
amp. is used. This requires 5-6 volts per cell. 
Under these conditions persulphuric. acid of 
concentration 25-30% is produced from H2SO4 
of sp.gr. 1-285 with a current efiiciency of more 
than "70%. Using ammonium bisulphate a.s 
electrolyte an efiiciency of 85% can be obtained. 

Hydrogen peroxide is prepared from the per- 
BJilphate solution by hydrolysis and vacuum dis- 
tillation. In one method (Fig. 3) (F.P. 733201) 
the solution is heated to 50-60"C. and then 
atomised into an evacuated, heated column (in 


some cases -vvith the addition of steam). Die 
acid mist passes into a separator whence the 
w-ater and HgOa vapour are removed and con- 
densed while the residual liquid (e.g. ammoninm 
bisulphate) rims back via a cooler and pump to 
the electrolytic cell. The distillation can be 
carried out with an efficiency of about 95%, 
The flow diagram of a typical continuous flow 
process is shown in fig. 3, 

The energy required to produce 1 kg. of 30% 
hydrogen peroxide by any of the three con- 



FiG, 2. — DETAH.S OF THE AeODE Co.’^I 
F.AaT3iEET (Machu, op. cit.. Fig. 15). 


tinuous persulphate processes is about i-u 
kilowatt-hours. 

The. Barium Peroxide Process , — This method of 
preparing HoOo, although the oldest known, f’ 
still in use to some extent, largely owing to the 
fact that the fine white pigment “ Wane fixe 
is obtained at the same time. The chief difij- 
culties are that a veiy pure BaOj must be used* 
and that the HoOj is obtained only as a dilute 
solution. The first difficulty necessitates a long 
method of preparation from barytes ; the second 
is less serious now that efficient vacuum distil- 
lation is available. The usual method for tn- 
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preparation of pnre BaOo involves tlic folloving oxide, wliicli is the immediate starting-point in 
steps : “ the chemical preparation of hydrogen peroxide. 

(1 ) Ground barytes mixed with coke is heated The barium peroxide is decomposed in the' 
in a rotary kiln to give barium sulphide (BaS). cold with cither dilute sulphuric or phosphoric 

(2) The kihi clinker (BaS) is lixiviated with acid; more concentrated HoOg can he made by 

water, and barium carbonate is precipitated by use of the latter (15% as against 3-0% with 
the addition of soda ash. H-SO^) and the precipitated barium phosphate 

(3) The barium carbonate is mixed witli car- is easily filterable and carries down with it 

bon and heated to 1,200° in a furnace to form impurities lilrt iron, manganese, etc., leaving a 
barium monoxide (BaO). pure solution of HoOj of good stabihty. In 

(4) This BaO when heated in a stream of teclmical practice the decomposition of BaOo 
purified air at 540°C. is oxidised to barium per- gives a 96% yield. (Phosphoric acid is recovered 



Fig. 3. — Diagram of Pl-vnt for the Contihhous Distileation of Hydrogen Peroxide 
FROM Ammonium Persulphate Solution (Machu, op. cit., Fig. 36). 


by adding HoSO^ to the barium phosphate, 
and the precipitated BaS 04 is used as a pig- 
ment (“ blanc fixe ”). A convenient way of 
removing impurities from the regenerated 
phosphoric acid has been patented (G.P. 
435900).) 

The dilute HoOj obtained in the BaOj pro- 
cess is commonly 'concentrated to 30-40% by 
distillation and rectification. Table I shows, 
for example, that the distillate from 14-2% 
HoO, boiling at 30-S°C./17 mm. contains only 
0-58% HaOo ; hence, the residue becomes more 
concentrated. (For examples of rectification 
plant, see F.P. 5G300S, G.P. 526923.) 

Physical Properties. 

Solid HoOj (Staedel, Z. angew. Chem. 1902, 
15, 642), largo prisms from 95% HjO, cooled 


Table I. — (Machu, op. cit., Table 14, p. 162.) 


17 mm. Hg. 


Boiling-point 

'■C. 

Concentration 
of residue iu 
weight, %. 

Concentration of 
distiliato iu 
WOJgllt, %. 

21-0 

• 6-5 

0-21 

23-0 

6-7 

0-22 

25‘5 

6-S5 

0-23 

2C-6 

S-0 

0-34 

28-6 

9-S 

0-46 

30-8 

14-2 

0-68 

33-3 

19-2 

1-05 

36-6 

24-5 

1-3 

3S-2 

32-0 

2-9 

40-5 

4S-S 

10-4 
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TOth ether-carbon dioxide. ]\Lp. — 0-89°0. 
(Cuthbertson et al., J. Amer. Cbem. Soc. 1928, 
50, 1120). 

Pure HgOg is a colourless liquid, tbe physical 
properties of -which are very sensitive to the 
addition of traces of -water. Published data are 
rather discordant, but the following list gives 
probable values. Much of the recent work is 
due to Maass and co-workers (ibid. 1920, 42, 
2548, 2569; 1922, 44, 2472; 1924, 46, 2693; 
1929,51,674; 1930,52,489). 

Density (liq.) d°=l'4649; h.p. 151-4°C./760 
mm.; latent heat of vaporisation 11,610 cal. 
per g.-mol. ; Trouton’s constant 27-3 ; surface 
tension at 18-2°C. 75-94 dynes/cm. ; magnetic 
susceptibility (diamagnetic) 8-8 x 10~’ e.m.u. ; 
specific conductivity 2 x 10~® ohm-^ ; specific 
conductivity of 4-5% solution 2-89 X 10~® 
ohm“i ; dissociation constant 


(HgOg^H'-fOOH') 


at 25° 2-4x10“^^; heat of ionisation 8-6 xlO^ 
cal. per g.-mol. ; oxidation potential of 
— 1-81±0-03 volts; reduction potential -0-66 
±0-03 volt; dielectric constant of pure H^O, 
93-7, of 20-8% HgOg 113-5; mean coefficient 
of expansion — 10° to 20°, 0-00107; latent heat 
of fusion 74 cal. per g. ; specific heat (liq.) 
0-579, (solid) 0-470; viscosity at 18° 0-0130 
poises ; =1-4139 ; heat of formation 

(Hg-f 02=H202(liq.)) 45,320 cal. per g.-mol.; 
heat evolvedin decomposition (H202= HgO-kO) 
23,450 cal. per g.-mol. ; heat of solution in water 
460 cal. ; vapour pressure is given by the 
equation : 


^oSio 8-853 — 


(0-05223x48530) 

T 


Dipole moment 2-1 D. ; mol. wt. (from v.d.) 
34 ; partition coefficient of HgOg between water 
and ether 0-043. 

Hydrogen peroxide is miscible -with water in 
all proportions; Table II gives the relation 
between the density at 18°, the composition by 
weight (g. HgOg in 100 g. solution), the com- 
position by volume per cent, and the number of 
volumes of oxygen gas evolved when the 
solution is decomposed. 

Hydrogen peroxide is soluble in alcohol, ether 
and quinoline, but not in dry benzene or 
petroleum spirit. 

The infra-red absorption spec-trum of liquid 
and gaseous HgOg has been studied by Baly and 
Gordon (Trans. Faraday )Soc. 1938, 34, 1133). 


CHEJncAL Pbopeettes. 

The structure of hydrogen peroxide is 
H — O — O — H. The majority of its reactions 
depend on the ease -with" which one oxygen atom 
is given off : 

H2O2 -> HgO-f O (-b23,450 cal.) 

This leads to both oxidising and reducing 
properties. In addition, HoOg acts as an ex- 
tremely weak acid and gives rise to many per- 
compounds containing the — O — O — bridge. 
Finally, it forms numerous addition compounds. 
O?:idalion . — ^Hydrogen peroxide is a powerful i 


. Table II. — (Machu, op. cit.. Table 7, p, 37.) 


Density, d”. 

Weight, %. 

Volume, %. 

Volumes of 


oxygen. 

0-9986 

0 

0 

0 

1-0018 

1-0 

1-0 

3-3 

1-0034 

1-5 

1-5 

5 

1-0050 

2-0 

2-0 

6-6 

1-0083 

3-0 

3-0 

10 

1-0134 

4-55 

4-55 

15 

1-0151 

5-0 

5-1 

17 ■ 

1-0187 

6-0 

6-15 

20 . 

1-0241 

7-5 

7-7 

25 

1-0336 

10-0 

. 10-35 

34 

1-0526 

15-0 

15-8 

52 

1-0717 

20-0 

21-45 

70 

1-0911 

-25-0 

27-3 

90 ■ 

1-1023 

27-2 

30-0 

300 

1-1111 

30-0 

33-33 ■ 

110 

1-1331 

35-0 

39-7 

132 

1-1561 

• 40-0 

46-25 

153 

1-1796 

45-0 

53-1 

175 

1-2031 

50-0 

63-15 

208 

1-2505 

60-0 

75-05 

248 

1-2980 

70-0 

90-85 

300 ‘ 

1-3456 

80-0 

107-65 

355 

1-3936 

90-0 

125-4 

415 

1-4442 

100-0 

144-4 

475 


oxidising agent. It reacts -with sulphites, sul- 
phides, thiosulphates, tetrathionates, etc., to 
give sulphates. Nitrous acid is oxidised to 
nitric as is also hydroxylamine sulphate at 60°. 
Aqueous ammonia gives ammonium nitrite and 
nitrate, but at -48° in ether the crystalline com- 
pound (NH^lgOg-HgO is deposited. Stannous 
salts give stannic, ferrous give ferric, etc. Con- 
centrated HgOg oxidises As, Se and Te to 
arsenic, selenic and telluric acids, while yellow 
phosphorus reacts at 60° to form phosphine 
and phosphorous and phosphoric acids. 

Hydrogen peroxide reacts -with HCI, HBr 
and H I, but it is stabihsed by HF (Maass and 
Hiebert, J. Amer. Chem. Soc. 1924, 46, 290). 
The reaction -with HCI is slow, the products 
being HOCI, Cfg and- oxygen; HBr reacts 
much more rapidly. 

Ai and Mg dissolve slowly in concentrated 
HgOg forming hydroxides. Sodium amalgam 
reacts more strongly with HgOg than -with 
Tv-ater. Cu, Ag, Hg, Ni and Bi dissolve in 
dilute H2SO4 in the presence of HgOg, but Sn, 
Pb, Au, Pt and Sb do not. The decomposition 
of HgOg by Hg is a periodic phenomenon 
(Okaya, Proc. Phys.-Math. Soc. Japan, 1919, !» 
283). 

A large number of organic substances are 
oxidised by HgOg, the extent of oxidation 
depending on conditions such as concentration 
and the presence of promoters (see below). 
Polyalcohols give aldehydes ; oxalic acid is 
broken down into CO 2 and water; tartaric 
acid gives dihydroxymaleic acid; sugars form 
ozonides; benzene is oxidised to phenol. In 
alkaline solution HoOg oxidises R-CS-NHR' to 
R-CO-NHR'. Alkaloids give new crystalline 
bases which are often highly coloured. Indigo 
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is slowly decolorised. An unusual reaction 
occurs between HgOj and formaldehyde in 
allraline solution, hydrogen gas being evolved; 

2HCHO+H2O2+2KOH 

=2H-C00K+2H20+H2 

The oxidation of organic materials by H2O2 is 
catalysed by some substances which themselves 
accelerate its decomposition. Eor instance, in 
the presence of ferric salts HgOg oxidises 
alcohol to acetic acid. Walton and Graham 
(J. Amer. Chem. Soc. 1928, 50, 1641) studied 
the catalysed oxidation by H2O2 of organic 
acids such as succinic, lactic, etc., and also of 
ethylene glycol and glycerol to CO2 and water 
with ferric chloride, CuO and CuSO^ as 
catalysts. The addition of HjOj to a^- un- 
saturated ketones (in ether or benzene) to give 
the dihydroxyketones is catalysed by OsO^ 
(Butenandt and Wolz, Ber. 1938, 71 [B], 1483). 
Tie oxidation of dienes by is ca talysed by 
ferric hydroxide. 

Organic materials such as' paper inflame when 
treated with highly concentrated HgOj. 

Eeduction . — Besides producing oxidation, the 
nascent oxygen atom from H2O2 can attach 
itself to a similar oxygen atom of other oxidising 
agents, and thus apparently cause reduction 
with the evolution of oxygen gas. For example, 
potassium permanganate is reduced to IVInOg 
in alkaline solution or to MnSO^ in the presence 
of H2SO4: 

2KMn04-f5H202-f3H2S04 

= 8H20~f-502 

Ferricyanides are reduced to ferrocyanides in 
alkaline solution, but in acid or neutral solution 
the reverse reaction occurs. Silver oxide is 
reduced to metallic silver; NaOl gives Nal ; 
Ca(OCl)2 gives CaClj. 

Formation of Per -Compounds . — The true per- 
compounds contain the — O — O — bridge ; a 
large number are known to exist, but many are 
unstable. Many per-compounds are formed 
directly from H2O2 which can be regarded as a 
very weak acid. The addition of H2O2 to an 
aqueous solution of NaOH gives sodium per- 
oxide, Na202. Unstable peroxides of Zn, Mg, 
Cd are formed by the action of HgOg on the 
metal hydroxides; those of Zr, Ce, Th, Y, 
La, Sm are obtained from the oxides. The 
addition of ammonia to a solution of CaClg 
and H2O2 precipitates Ca02. 

Sulphuric acid reacts with H2O2 to give Caro’s 
acid, permonosulphurio acid, H0-0-S02‘0H; 
similarly acetic acid yields peracetic acid. Per- 
monophosphoric acid is not formed in this way 
from orthophosphoric acid, but can be made by 
the reaction: 2H202-(- P2O54- H20=2H3P05. 
The true percarbonates (K2C20e, Na2C04) are 
not obtainable directly from H only the 
carbonate perhydrates being formed {v.i.). 
Many per-compounds are strongly coloured; 
for example, the addition of H2O2 to solutions 
of Ti02 gives the intense yeUow of pertitanic 
acid (hydrated Ti O3). Perchfomates are formed 
by adding H2O0 to soluble chromates (a. 
Vol. in, ll4a). Salts of Mo, Ce, Va, Nb, U 
and W also give coloured (mostly yeUow) solu- 
tions of unstable per-compounds. For example. 


uranyl nitrate and H2O2 form U04'2H202. 
Pertantalates are white powders (see Emeleus 
and Anderson, “ Modem Aspects of Inorganic 
Chemistry,” G. Routledge, London, 1938, 
p. 356). 

Addition Reactions . — ^A number of stable com- 
pounds can be .prepared from HjOg by simple 
addition. H2O2 combines with ammonium sul- 
phate, sodium sulphate, borate, phosphate, 
acetate and arsenate as “ hydrogen peroxide of 
crystallisation.” It forms ' crystalline com- 
pounds such as Na202’2H202 with the alkali 
and alkaline earth peroxides. 

The “ sodium perborate ” (“ Perhorax," “ Per- 
oxydol”) of industry is NaB02'H202,3H20 
and can be made by mixing sodium borate solu- 
tion with hydrogen peroxide in the cold {v. 
Vol. II, 51d-626). When dry, it is completely 
stable, while its solutions possess oxidising 
powers like HgOg- It is used extensively in 
washing powders and for bleaching. A large 
number of sodium carbonate perhydrates such 
as 2Na2C03-3H202 and a series 

(Na2C03-H20)-a;H202 

where x—^, 1,14, 2, 2^- are known. Thej' can 
be prepared by adding anhydrous sodium car- 
bonate to a. suitable amount of H2O2 solution. , 
The carbonate perhydrktes are more stable 
(and therefore of greater technical importance) 
than the true percarbonates. Many phosphate 
perhydrates and silicate perhydrates can be 
obtained similarly. 

Hydrogen peroxide forms addition compounds 
with acetamide; urethane, succinimide, aspara- 
gine, pinaeol, strychnine, erythrose and man- 
nose. Addition compounds of H2O2 with 
ammonia, ethylamine, propylamine, butylamine 
and pyridine have been obtained from ethereal 
solution. 

Of special interest is the compound 
C0(NH2)2-H202 

p HyperoiP “ Perhydrite," “ Ortizon ”) which 
is prepared by cooling a solution of urea dis- 
solved in 30% HgOg to —5°. It is a stable 
white powder, soluble in 2\ parts of water. It 
provides a convenient form of “solid” H2O2 
for pharmaceutical and analytical purposes 
(Booer, Chem. and Lid, 1926, 44, 1137). 

Decomfositiok. 

Hydrogen peroxide is thermochemicaUy un- 
stable ; its decomposition into water and oxygen 
is exothermic to the extent of 23,450 cal. per g.- 
mol. However, pure H2O2 and its pure solu- 
tions keep well at ordinary temperatures and 
decompose only comparatively slowly., when 
heated, with the exception that the pure liquid 
explodes at about 151°C. Apparently the true 
homogeneous decomposition of liquid or vapour 
requires a high energy of activation, and even the 
slow reaction of HgOg vapour in a quartz flask 
at 85° occurs heterogeneously on the walls, but 
the decomposition is greatly accelerated by the 
catalytic action of solid surfaces (particularly 
carbon, platinum and manganese ioxide) ; by 
I heavy metal ions (notably Fe and Cu, but also 
salts and oxides ofPb, Hg, Co, Ni and Mn, etc.) ; 
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by natural enzymes; or by irradiation -nitb 
ultra-violet light or X-raj's. 

Verj’- concentrated HgOg explodes u-hen 
brought into contact with an effective catalyst 
such as MnOg. 

Catalysis at the surfaces of dispersed solids 
has been the subject of many investigations. 
Tlie most effective material knoum is an osmium 
sol which still exerts a strong catalytic action 
at dilutions as great as 10“® g. per c.c. Other 
metals in colloidal form (particularly Pd, Pt, 
Ir, Au and Ag) are also very effective, as are 
PbOo and copper peroxide. 


IVlnO 


2 > 


COgOg, 


High surface area naturally enhances the effect 
of a solid (sugar charcoal, for instance, is very 
active), but the nature of the soh'd is particularly 
important. According to Wright and Rideal 
(Trans. Faraday Soc. 1928, 24, 530) the velocity 
of catal 3 ffic decomposition of HoOg by sugar 
charcoal, iron oxide, IVlg(OH)o, "kaohn, WO 3 , 
glass, CrClg, ZnO and silica gel is verj’ depen- 
dent on traces of acids, alkaUs or heavy metals, 
and it reaches a maximum at a pjj corresponding 
to the isoelectric point of the surface. On the 
other hand, htemin and the chemically related 
iron compounds of the porphyrin group e.xert 
an enormous and virtually specific catalytic 
effect on the decomposition of HgOj. Natural 
enzjmes possessing the specific property of 
destro 3 'ing h 3 ’drogen peroxide occur videly in 
animal and vegetable tissues and are known 
collectively as “ catalases ” (?.v.). 

The metal-sol catalysts (Pt, Ag, etc.) are very 
susceptible to “ poisoning ” by minute quantities 
of sulphides, arsine, HCN, CO, HgClg, phos- 
phine, phosphorus, CSg, phenol, str 3 'Chnine, 
iodine, etc., whereby their catalytic activity is 
largely reduced or destro 3 'ed (see, for example, 
Bredig and Ikeda, Z. ph 3 ’’sikal. Cliem. 1901, 
37, 1). The effectiveness of positive catatysts 
is also impaired to a greater or less extent b 3 ' 
raan 3 ’’ capillary-active substances which are 
probabl 3 ' preferentiall 3 ’ adsorbed on the surface 
of the solid ; among these arc alcohols, ketones, 
uric acid, barbituric acid, etc. 

SlnhUiscrs . — Solution of HjOo are BI 0 AVI 3 ’ 
decomposed by alkalis (as, for example, from 
soda-glass bottles), and hence their stability’ is 
improved by acids (c.g. 0-1% of HoSO., or 
H 3 PO 4 ). In addition, a veiy large number of 
substances have been proposed as general 
stabilisers ; phenacetin and salicylic acid ( 0 - 1 - 
0-5 g. per litre) are suitable for pure 
solutions ; other substances claimed include : 
pyro- and meta-phosphates of Na, Mg, Ca, 
Sn, magnesium and sodium silicates, sodium 
benzoate, acetanilide, methyl jj-hydroxy’ben- 
zoate (“ nipagin ”), hexamine, tannin, a - 1 
naphthylamine, numerous alcohols, ketone«, j 
aldehydes, amides, ether, glycerol, pyrogallol, i 
oxalic acid and many* other diverse organic com - 1 
pounds. Sodium and calciuni chlorides .arc ; 
appreciably preservative if used In large amount, i 
3 Iodern pure preparations of scarcely' | 

need stabilising, but in tcchnicnl use, a* in ; 
bleaching baths, destructive impurities may' 1 ^ • 
introduced, and a suitable f-tabilher may reduce ; 
lo's of iKTOxide. 

.Si'orflf/c.—Stabjli^ed H-O* solution^ can l/C ■ 
stored in g 1 a=='. porcelain or sfone’.vare vc'-eh, . 


while small quantities of pure .30% H.O* trt 
commonly’ kept in paraffin wax bottles.* Ihcrr 
is some fire danger in the transport of 30% H.O, 
ouing to its powerful o.xidising action on ortsni^ 
materials, but it has been found possible to 
large quantities in tanks of treated alumininin 
or of certain aluminium and other al!ov.s, p.-se. 
vided suitable stabilisers arc added.' Ttf 
addition of ammonium nitrate or nitric acid 
to HoOo is said to retard the corrosion of 
aluminium. 

Techkical Appucatioxs. 

Hydrogen peroxide is extensively u-cd a 
bleacliing agent, antiseptic and preservative os 
account of its powerful oxidising properties. 

Bleacliing is carried out Avith warm, mildh' 
alleah’ne solutions containing suitable st.abiiitm's 
agents such as Avatcr-glass. Inj uriotis impuriti« 
(e.g. traces of Fe and Cu) must be carefully ex- 
cluded from the bleaching bath to avoid voste of 
HoOo, and when not in use the bath may te 
acidified to improve its stability'. For iniil 
bleaching a concentration of about 0-2% HjO, 
is used at 40-45°C., wliUe more powerful action 
can he obtained by using stronger solutions and 
higher temperatures (c.g. 3% HjOj at 80'C.}. 
Hydrogen peroxide can bo used to bleach 
practically any material ; among those men- 
tioned in the literature are all forms of cotton, 
wool, silk, linen (v. Vol. IT, 10c, 17a, ISc), furf, 
sldns, Avood, horse hair, parchment, feather?, 
hoof, horn, bones, lA’Oiy, fats and oil.s. Tor 
many purposes HjOg may he replaced by its 
stable solid deriA'ates, the carbonate and Iwratc 
perhydrates. Sodium perborate may’ Ix) in- 
corporated in soaps and is extensively u.'-’cd in 
laundering. 

As a Disinfectant and Preservative. — Rictcnx^ 
are rapidly’ destroyed by' dilute solution' of 
HoOj : Staphylococci and dipthcria bacilli ow 
killed by’ l'7o% AA'ithin 5 minutes (r. 

Vol. 19a). A 3*% HjOj solution 1 kt= r.n 
antiseptic poxver equivalent to 1 in 1,000 HgClj 
and has the advantage of being non-pcu'onon'' 
(altbongli concentrated blisters the 

Dilute HoOj xvas formerly tiscd ns a preserve. tne 
for milk." meat, gelatin, glue and cocoa-nun- 
beA’erages hut its use in food i' not now pf' 
mitted (r. Food Pp.esep.a’atia’Iis) ; fi«h b'c-n 
packed in ice containing H,0;. Cnt flouers are 
.=aid to la.st much longer in very' dilute HjOj- 
It has also been .suggested for disinfcctiiiC 
and ns a leavening agent in place of ycari. 

For pharmnceuticai purj>oses the “ p(- volume 
and “ 20.A’oiume ’* .«olution' Avith .'nditirn pym- 
phosphate or urea as .stabiliser are gcr.-rii-y 
used, and are further diluted a nurulxT of tut. 
The A-cry’ dilute solution i« useful for clevnir.g ej 
.sterilising new or roptir ’.vonnti=> and to ‘■■.cp 
bleeding; a? an eye lotion, gsrgle '>r me 
Avash ; for external .'ipjplicatien irs skin , 

for burns and sfakF, and to -.riiif'n thy rrc,.., 
Tlie solution' have a son-,e-.vhat rr.ftalh” t-'’*'''- 

DeTECTIOX .IKD EsTIMATrO?'". 

QuaUtativc Jtli-ntif.'ation.—S.l-tC folk-r. jnc 
prob-Udy the mo't fcnrinve and 


of the TttlTUC'roV’^ t'r 


if vrr.Jtn 
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hydrogen peroxide. (1) The orange-coloured 
pertitanic acid is formed when HjOg is added 
to a solution of TiOg in sulidiuric acid (detects 
1 part HjOj in l-S x 10® parts of water). (2) A 
solution of HjOj is treated with 1 drop of 
dilute H2SO4, 2 e.c. of ether, and 1 drop of 1% 
potassium dichromate, and shaken, the cha- 
racteristic blue colour of perchromic acid is 
formed in the ether layer (limit 0-2 mg. in 20 c.c.). 

(3) The guaiacum test is the most sensitive for 
HgOg. The solution to be tested is mixed with 
a fresh 1-2% solution of guaiacum resin in 90- 
98% alcohol tmtil a slight turbidity develops; 
then one drop of an extract of malt is added, a 
blue colour is produced which serves to detect 
1 part of HgOj in 5 x 10’ parts of water. (4) The 
solution containing HjOg is added to a reagent 
containing tartaric acid, potassium iodide and 
ferrous sulphate ; after mixing, 6 or 6 drops of 
NaOH solution are added, a violet colour is 
formed (detects 1 in 25 X 10®). (5) Several sensi- 
tive spot tests are available, such as the bleach- 
ing of lead sulphide paper, the formation of 
Prussian Blue from a solution containing ferric 
chloride and potassium ferricyanide, or the for- 
mation of a red or blue gold colloid by reduction 
of gold salts. (See also Vol. II, 674a.) 

Quantitative Determination. — (1) By titration 
with potassium permanganate solution in the 
presence of a large excess of sulphuric acid, 

2KMn04-|-5H202-f3H2S04 

= K2S04-f2MnS04-f8H20-i-502 

1 c.c. of iY/10 KMn 04 = 0-001701 g. of HjOj. 

This method cannot be used if organic pre- 
servatives are present. 

(2) The reaction with N/10 iodine and alkali 
subsequently acidified gives in effect : 

H 2 O 2 - 1 - 2 K l-h H gS © 4 = 1 2 - 1 - KjS 04 - 1 - 2 H 2 O 

the liberated iodine being titrated with sodium 
thiosulphate using starch at the end-point in 
the usual way. 

(3) With titanous chloride. On treating HgO 2 
with a dilute solution of Ti203 in the presence 
of acid the deep orange colour of pertitanic acid 
develops. This may be used to estimate HgOg 
directly by colorimetry, or alternatively, further 
TijOg may be added until the colour is just 
bleached ; the end-point is sharp. 

Ti202+3H202=2Ti03-h3H4j0 

2Ti03-i-2Ti203=6Ti02 

The titanous chloride is standardised in an inert 
atmosphere with iron alum; when the Fe"' 
colour has practically disappeared a drop of 
potassium thiocyanate solution is added and the 
titration continued to complete decolorisation 
(Knecht and Hibbert, Ber. 1905, 38, 3324). 
This method of determining HjOj is particularly 
useful when organic substances are present. 

(4) Another method of determining HjOg is 
by measurement of the volume of oxygen 
evolved when the solution is decomposed by 
catalysts, by hypobromite or by potassium per- 
manganate. 

(5) Other methods based on potassium iodatc, 
ceric sulphate, sodium arsenite, or manganic sul- 
phate are also applicable. 

M. G. and J. A. K. 


HYDROGEN SWELLS (v. Vol. V, 291fl). 

HYDROGENATION has come to be re- 
garded as the combination of organic substances 
with hydrogen under the influence of a catalyst; 
the present article is concerned with the labora- 
tory aspects of the subject. Articles on hydro- 
genation reactions of special importance in in- 
dustry will be found in the appropriate places 
in the Dictionary. 

Historically the first example of a catalytic 
hydrogenation was the production of methyl- 
amine by passing a mixture of hydrogen and 
hydrogen cyanide over platinum black (Debus, 
Amnalen, 1863, 128, 200). The development of 
this vapour-phase method of hydrogenation is 
due mainly to Sabatier and Senderens and their 
co-workers (1897-1914). Since 1905 develop- 
ment has been mainly along the lines of using 
finely divided metals in the liquid phase (Will- 
statter, Paal, Skita, Adams, Adkins). This 
method of liquid-phase hydrogenation has, for 
the most part, ousted the vapour-phase method 
in laboratory, and largely in industrial, practice. 

GENERAL. 

Vapour-Phase Hydrogenation. 

The apparatus in its simplest form consists of 
a hard-glass combustion tube, packed with a 
suitable catalyst and heated in a furnace (pre- 
ferably electrie). Hydrogen is passed through 
the tube and the substance is most conveniently 
introduced by bubbling the hydrogen through 
the liquid material heated to a suitable tempera- 
ture. Such an apparatus was used by Sabatier 
and Senderens in their classical series of investi- 
gations (for summaries, see Ann. Chim. Phys. 
1905, [viii], 4, 319 ; Sabatier, transl. Reid, 
“ Catalysis in Organic Chemistry,” 1923). The 
following are two typical catalysts used in these 
experiments : 

(1) Pumice, broken up into small pieces, is 
boiled with nitric acid, washed udth water and 
then saturated with a concentrated solution of 
sufficient nickel nitrate to give a catalyst of the 
desired nickel content. The product is then 
evaporated to dryness with good stirring and 
finally heated in a nickel dish over a free flame 
until the nickel nitrate is completely decomposed. 
The product is packed into the hydrogenation 
tube and, after sweeping out with hydrogen, 
reduced by heating to 300-400° in a stream of 
hydrogen. After cooling in hydrogen the tube 
is ready for use. 

(2) Sixty grams of kieselguhr, purified by boiling 
with nitric acid and with water, are made into a 
paste with an aqueous solution of nickel nitrate. 
An excess of sodium carbonate solution is added 
and the mixture is boiled for a few minutes. 
After washing several times with hot water by 
decantation, the precipitate is filtered off, dried 
and then reduced as described for the pumice 
catalyst. 

Such catalysts may be used for the reduction 
of ethylenic linkages (at about 100-160°), 
aromatic nuclei (about 200°), carbonyl-' and 
nitro-groups. . 

A somewhat analogous but much more con- 
venient vertical apparatus has been devised by 
Lush (J.S.C.I. 1923, 42, 219T; cf. PeIIj% ibid. 
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1927, 46, 449T). In tins apparatus the catalyst 145) in which the difference in volume between 
consists of nickel turnings which, before use, are the hydrogen taken up by the substance and 
first coated with an oxide film by anodic oxida- that taken up bya control substance ismeasnred 

tion and then reduced m hydrogen. The Adams’ platinum oxide catalyst (see 6ei(«a) is the 

apparatus may be used under pressure and has catalyst generaUy employed in these exveri. 
found application on a semi-technical scale and ments, the solvent being, usually acetic wid' 
in laboratory operations; it is marketed by u 

Messrs. Technical Research Works, Ltd. The 
apparatus is particularly suitable for routine 
laboratory hydrogenations on a fairly large 
scale ; it has the advantage of being simple to 
operate and requires no expensive catalyst. 


Liquid -Phase Hydro genatiox. 

Apparatus . — The simplest form of apparatus 
may easily be assembled from ordinary labora- 
tory equipment; it consists of a calibrated 
hydrogen-reservoir connected to a hydrogenation 
flask which is mounted for mechanical shaking. 
An arrangement for evacuating the flask is 
necessary and it is an advantage to arrange also 
for heating. To carry out a hydrogenation the 
substance to be hydrogenated, dissolved or sus- 
pended in a suitable solvent, is introduced into 
the hydrogenation vessel together with the 
catalyst. After evacuation, hydrogen is ad- 
mitted and the flask is shaken imtil the required 
amount of hydrogen has been taken up; the 
flask is then once more eva cuated, air is admitted, 
the catalyst is filtered off and the product 
isolated in an appropriate manner. Many forms 
of apparatus of this type have been described in 
detail in the literature (Paal and Gerum, Ber. 
1908, 41, 813 ; Willstatter and Hatt, ibid. 1912, 
45, 1472 ; Skita and Meyer, ibid. 1912, 45, 3594 ; 
Stark, ibid. 1913, 46, 2335). A similar apparatus 
adapted for working at pressures up to 3*5 atm. 
has been described by Adams and Voorhees 
(Organic Syntheses, 1928, 8, 10) and compact 
modifications are marketed by several firms; 


decahn or methylcycZohexane. 

Catalysts. — (1) Platinum Catalysis . — Of the 
platinum catalysts in use to-day by far the most 
popular is platinum black produced by reduc- 
tion, in the hydrogenation vessel, of platinum 
oxide prepared by the method of Adams, Voor- 
hees and Shriner (Organic Syntheses, 1928, 8, 92). 
This “ Adams’ catalyst ” is prepared by fusing 
chloroplatinic acid with sodium nitrate at 50(L 
550°. After use it may be re-worked by solution 
in aqua regia followed by evaporation and 
fusion with sodium nitrate ; if extensively 
poisoned it may be necessary to -pmiiyit by con- 
version into ammonium chloroplatinate (Balde- 
schweiler and IMikeska, J, Amer. Chem. Soc. 
1935, 57, 977) which can then be used directly 
for the fusion with sodium nitrate (Bruce, 
Organic Syntheses, 1937, 17, 98; J. Amer. 
Chem. Soc. 1936, 58, 687). Cook and Linstead 
(J.C.S. 1934, 952) recommend the use of potas- 
sium, instead of sodium, nitrate in the fusion 
and consider that a more active catalyst is 
obtained in this way. Short (J.S.C.L 1936, 55, 
14T) describes a special apparatus for carrying 
out the fusion. The following simplified pro- 
cedure has been foimd to give consistently good 
results : 

One gram of commercial chloroplatinic acid 
is dissolved in 3 c.c. of water in a porcelain 
crucible and to the solution is added 10 g. of 
pure sodium nitrate. The mixttne is evaporated 
to dryness over a small flame with stirring. 
The full heat of the Bunsen flame is then apph'ed 
to the crucible and vigorous stirring is con- 


the hydrogen reservoir is a stout metal tank and tinued until the mass is completely molten and 


the initial vigorous decomposition, which rs 
accompanied by frothing, has abated. The 
flame is then regulated so that the base of the 
crucible is at a dull red heat and this temperature 
is maintained, without stirring, for 30 minutes. 
The cooled product is extracted with hot water, 
filtered and the brown oxide washed well with 
hot water and dried in a vacuum desiccator. 
The yield is almost theoretical. 


the hydrogen-uptake is followed by the fall 
in hy<h:ogen pressure during the reaction. This 
type of apparatus is well suited for general 
laboratory use. 

It is frequently necessary, or at any rate 
desirable, to carry out hydrogenations at com- 
paratively high temperatures and pressures. 

Adkins (J. Amer. Chem. Soc. 1933, 55, 4272) 

has designed an apparatus suitable for hydro- ^ 

genations at temperatures up to 400° and pres- Loew (Ber. 1890, 23, 289) prepared platinum 
sures up to 300 atm. It consists essentially of black by the reduction of platinum chJonae 
a specially de.signed autoclave mounted on a with formaldehyde in the presence of 
shaker and fitted with an electrical heater. A hydroxide. Many modifications of this “ethoa 
modification of this apparatus is marketed by have been described of which 
the Burgess-Parr Company. (Willstatter and Waldschmidt-Leitz, tbid. IJ-i. 

The development of modem micro-methods 54 [B], 121) seems to gh'e a very active cataiys . 
has, led to the devising of a number of pieces of Eight c.e. of a solution of chloroplatmic aci ^ 
apparatus for the determination of the number prepared from 2 g. of platinum and containing 
of double bonds in the molecule of a substance some hydrochloric acid, are mixed with !.> c. - 
by the hydrogenation of a few milh'grams of of formalin. After cooling to —10 , 4.. g- 
material. Smith (J. Biol. Chem. 1932, 96, 35) 50% potassium hy^oxide solution are added 

devised an apparatus in which the uptake of dropivise with stimng, the temperatur - = 
- - ^ 1 *»? *1 j.T-_ j : I f.hia onflifinn 7.«? CODIPICI^ 


hydrogen was measured directly by the diminu- 
tion in volume under constant pressure; an 
improvement of this apparatus by Jackson and 
Jones (J.C.S. 1936, 895 ; cf. Jackson, Chem. and 
Ind. 1938, 57, 1076) is extensively used to- 
day. The other widelj’- used apparatus is that 
of Kuhn and Moller (Angew. Chem. 1934, 47, 


kept below 5°. When the addition is comple 
the product is stirred at 55-60° for 30 minutes. 
Tlie platinum black is then washed by decanta- 
tion (best in a cylinder), until the washings arc 
neutral and free from chloride. It is then 
off, care being taken to keep it covered witli 
water, lightly pressed between filter papers and 
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dried in a vacuum desiccator'. Access of air to 
the catalyst must be avoided. 

(2) Palladimn Catalysts. — ^Palladium black 
may be prepared by methods analogous to those 
described above for platinum black ; thus 
Shriner and Adams (J. Amer. Chom. Soc. 1927, 
49, 1093) fuse paUadous chloride -with sodium 
nitrate and Zelinsky and Glinka (Ber. 1911, 44, 
2309) reduce palladous chloride ■with potassium 
formate. 

Usually, however, palladium is deposited on 
an inert carrier. For this purpose eharcoal 
(Mannich and Thiele, Arch. Pharm. 1916, 253, 
183), barium sulphate (Schmidt, Ber. 1919, 
52 [B], 409) and aDvaline-earth carbonates 
(Busch and Stove, ibid. 1916, 49, 1064) have 
found extensive application. For the prepara- 
tion of palladised charcoal, palladous cliloride 
is dissolved in warm concentrated hydrochloric 
acid; the requisite amount of active charcoal 
(previously purified by boiling with hydrochloric 
acid) is added to the diluted solution and the 
whole is stirred or shaken in hydrogen with 
the addition of some sodium acetate. The 
palladised charcoal may either be filtered off 
aird stored in a desiccator or used directly. 
Zelinski, Packendorff and Leder-Packendorff 
(ibid. 1933, 66 [B], 872 ; c/. Robinson and 
ICoebner, J.C.S. 1938, 1996) prepare a selective 
catalyst by depositing both platinum and 
palladium on active charcoal. Of the other 
carriers strontium carbonate gives an excellent 
robust catalyst suitable for general use. For 
the preparation of 2% palladised strontium car- 
bonate, 30 g. of strontium carbonate are sus- 
pended in 500 c.c. of water at 70°. A solution 
of 1 g. of palladous chloride in a little warm 
concentrated hydrochloric acid is stirred in. 
After stirring at 70° for a few minutes the 
catalyst is filtered off, washed, dried in the 
steam-oven and stored ; it is reduced, as 
required, in the hydrogenation vessel. 

(3) Colloidal Platinuvi and Palladmm Catalysts. 

• — ^Paal and his co-workers (Ber. 1904, 37, 124; 
1905, 38, 1401 ; 1908, 41, 805) developed a 
catalyst wliich consists of a colloidal solution of 
platinum or palladium protected by “ sodium 
lysalbate,” a product of the alkaline hydrolysis 
of egg albumen ; tliis catalyst can only be used 
in neutral or alkaline solution, since the pro- 
tective colloid is sensitive to acid. 

Skita and his co-workers {ibid. 1909, 42, 1627 ; 
1911, 44, 2862; 1912, 45, 3579,' 3689) use gum 
arabic as the protective colloid. A solution of 
palladous chloride containing gum arabic is 
added to a solution of the substance to be 
hj'drogenatcd in alcohol or acetic acid. The 
catalyst is formed by shaldng in hydrogen, 
after which the 'hydrogenation proceeds in the 
usual way. Recently these colloidal catalysts 
have fallen into disfavour owing to the greater 
robustness of such non-colloidal catalysts as 
Adams’ platinum oxide and palladised charcoal 
or strontium carbonate. 

(4) Nickel Catalysts. — ^The outstanding nickel 
catalj'st for hydrogenation in the liquid phase 
is Raney nickel, which has no serious rival 
among nickel catalysts for this purpose. Raney 
(U.S.P. 1628190) prepared his catalyst by the 
action of sodium hydroxide on a nickel- 


aluminium alloy of the composition AIgNi. 
This catalyst has been much used by Adldns 
and his co-workers in connection with the high- 
pressure hydrogenator mentioned above; the 
following more active preparation is due to 
Covert and Adldns (J. Amer. Chem. Soc. 1932, 
54, 4116). 

Finely-ground nickel-aluminium alloy (300 g.) 
is added over 2-3 hours to 300 g. of sodium 
hydroxide in 1,200 c.c. of distilled water in a 
4 litre beaker surrounded by ice. The mixture 
is then heated for 4 hours to 115-120° with 
occasional stirring. A further 400 c.c. of 19% 
sodium hydroxide solution is then added and 
the mixture kept at 116-120° until no more 
hydrogen is evolved (about 3 hours). After 
dilution to 3 litres the nickel is washed 6 times 
with water by decantation and then alternately 
by suspension and by washing on a Buchner 
funnel untd the filtrate is neutral to litmus. 
The nickel (which is pyrophoric when dry) is 
then washed 3 times with 96% alcohol and 
stored under alcohol in glass-stoppered bottles. 
Raney nickel may retain about 17% of 
alcohol, which may lead to ester formation in the 
hydrogenation of acids, but it may be removed 
by storage for some hours under other or mothyl- 
cj/eZoherano (McClellan and Connor, ibid. 1941, 63, 
484). The outstanding eharaeteristio of Raney 
nickel is its activity as compared with other 
nickel catalysts. Lieber and Smith {ibid. 1936, 
58, 1417) enhance its activity by adding a 
small amoimt of platinum chloride at the com- 
mencement of the hydrogenation. Paul and 
Hilly (Compt. rend. 1938, 206, 608) prepared an 
iron catalyst, said to bo specific for the semi- 
hydrogenation of acetylenic linkages, by a 
similar process with an iron-aluminium alloy; 
they have also described a modified process for 
the preparation of Raney nickel (Bull. Soc. chim. 
1936, [v], 3, 2330). 

Adkins has also used a nickol-kieselguhr 
catalyst produced by treatment of kieselgulir 
with nickel nitrate and ammonium carbonate 
followed by reduction at 450° (Covert, Connor 
and Adkins, J. Amor. Chem. Soc. 1932, 54, 1651); 
this catalyst is less active than Raney nickel. 
Sidly (Chem. and Ind. 1939, 58, 282) prepares 
an active catalyst by precipitation of nickel car- 
bonate from nickel sulphate by means of sodium 
carbonate; the precipitate is washed carefully 
and reduced in hydrogen. It is claimed that 
this catalyst (5%) will hydrogenate croton- 
aldehyde to butyl alcohol in 6 hours at 80°/200 
lbs. 

(6) Other Catalysts. — ^Among the many other 
catatysts described in the literature the only 
one whoso action has been generally studied is 
“ copper chromite " (Connor, Folkers and 
Adkins, ibid. 1931, 53, 2012 ; 1932, 54, 1138). 
In these two papers procedures for the prepara- 
tion of a wide range of copper chromite catalysts 
arc described ; the most active are made by 
adding ammonia to a mixture of copper nitrate, 
barium nitrate and ammonium dichromate and 
igniting the precipitate. Adkins and Connor 
{ibid. 1931, 53, 1091) specially recommend copper 
chromite for the hydrogenation of carbonyl 
compounds to alcohols, of benzyl alcohols to 
hydrocarbons, nitro-groups to amines and for 
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the selective hydrogenation of double bonds. 
Pyridine nuclei are readily hydrogenated but the 
catalj’st is inactive towards cyano-groups and 
benzene nuclei. It is not so easily poisoned as 
nickel and is best used at high pressures. 

Faucounau (Bull. Soc. clum. 1937, [v], 4, 58, 
63) has prepared active copper and cobalt 
catalysts by the action of sodium hydroxide on 
Devarda’s alloy and the alloj' CO2AI5, 
respectively. 

Solvents. — ^The most widely used hydro- 
genation .solvents are ethyl alcohol, acetic acid, 
ethyl acetate, ether, and saturated hydrocarbons 
such as n-hexane, decalin and cyclohexane. It is 
generally considered that acetic acid is the most 
useful solvent from the point of view of rapidity 
of hydrogenation (WilLstatter and Hatt, Ber. 
1912, 45, 1471 ; Skita and Meyer, ibid. 1912, 45, 
3590) ; it is specially useful for the hydro- 
genation of aromatic nuclei (Adams and Marshall, 
J. Amer. Chem. Soc. 1928, 50, 1970). Carothers 
and Adams {ibid. 1924, 46, 1675) investigated 
the hydrogenation of aIdeh5Me3 in a variety of 
solvents but came to no very definite conclusions. 
Maxted and Stone (J.C.S. 1938, 4.54), working! 
with crotonic acid and platinum, were unable to j 
correlate the rate of hydrogenation (corrected 
for the vapour pressure of the solvent) with 
any other property of the solvent. 

Experimental Conditions. — In general, in- 
crease of temperature leads to an increase in 
the rate of hydrogenation, but this effect is 
masked by the lowering of the partial pressure 
of hydrogen in the reaction vessel consequent 
on the rise in the vapour pressure of the sol- 
vent; it is thus necessary to determine the 
optimum temperature for each case experi- 
mentally. The rate of hydrogenation usually 
increases with increasing pressure, but here 
again no general rule as to the magnitude of the 
pressure effect can be given. The effect of 
pressure is particularly marked with nickel 
catalysts, with which there seems to be an 
optimum pressure for many hydrogenations (c/. 
Adkins, Cramer and Connor, J. Amer. Chem. 
)Soc. 1931, 53, 1402). In manj^ cases increase 
of pressure has been shown to give rise to the 
formation of a different product (Skita, Ber. 
191.5, 48, 1486; Skita and Bitter, ibid. 1910, 43, 
3393). Tlie amount of catalyst used has also 
an important effect. Within limits the rate of 
hydrogenation increases with an increase in the 
amount of cataly.st added (c/. Paal and Schwartz, 
ibid. 1915, 48, 994 ; Bourguel, Gredy and Rou- 
baeh. Bull. Soc. chim. 1931, [iv], 49, 897). 
Another factor influencing the rate of hydro- 
genation is the vigour of the shaking or stirring. 

It frequently happens that a catalytic hydro- 
genation comes to a standstill short of com- 
pletion ; in such cases the catalyst may often 
be re-activated by shaking or stirring with air 
or oxygen. In specially difficult cases hydro- 
genation may be effected by boiling the sub- 
stance with an excess of tetralin in the presence 
of palladium black or palladised charcoal, the 
tetralin being dehydrogenated to naphthalene 
(Kindler and Peschke, Annalen, 1932, 497, 193 ; 
1933, 501, 191). 

Poisons and Promoters. — ^The literatme on 
catalyst poisons is both large and chaotic. In 


[ general, mercury compounds are regarded as 
I poisons (Paal and Hartmann, Ber. 1918, 5i, 
711); nevertheless the presence of a small 
amoimt of metallic mercury in the hydrogenation 
vessel seems to have h'ttle adverse effect at anv 
rate with palladised charcoal and Adams’ 
catalyst. Compounds of sulphur (includms 
vulcanised rubber), arsenic compounds and 
hydrogen cyanide are also stated to be poisons 
(Hinrichsen and Kempf, ibid. 1912, 45, 2107; 
Busch and Stove, ibid. 1916, 49, 1070; Kelber, 
ibid. 1916, 49, 1868); for this reason Adams 
and Voorhees (Organic Syntheses, 1928, 8, 14) 
recommend that rubber tubing and stoppers 
used in apparatus for catalytic hydrogenation 
should be boiled out with 20% sodium hj’droride 
and then with water. However, Truffault, in a 
study of poisoning in catalytic hydrogenation 
(Bull. Soc. chim. 1935, [v], 2, 244), found vnl- 
canised rubber to be ineffective as a poison. 
Dnsaturated substances obtained by dehydration 
by means of thionyl chloride are frequently 
resistant to hydrogenation owing to the presence 
of small amounts of sulphur compounds ; treat- 
ment with a h'ttle aluminium amalgam in moist 
ether frequently brings about the removal of 
these impurities (c/. Gaubert, Linstead and 
Rydon, J.C.S. 1937, 1977). Partial poisoning 
of the catalyst may be of value in increasing its 
selectivity; thus a partially poisoned catalyst 
is used in the Rosenmund hydrogenation of acid 
chlorides to aldehydes (p. 359fl). Maxted and 
3rorrish (ibid. 1940, 252) find that, in the 
of elements such as sulphur, -selenium, tellurium 
and phosphorus, the catalytic toxicity generally 
disappears if the normally poisonous atom is 
associated with a completely shared octet of 


electrons. 

Adams and his co-workers (J. Amer. Chem. 
Soc. 1923, 45, 1071, 3029 ; 1924, 46, 1675; 192o, 
47, 1047, 1098, 1147, 3061; 1926, 48, 4//) 
found that the addition of certain inorganic 
salts affected the rate of hydrogenation ; 
salts, especially, markedly increase the rate 0 
hydrogenation of aldehydes. . . 

Alany authors have noted the effect of imnera 
acids in small amount in speeding up 
genation (Kindler, Brandt and (^hihaar, 
Annalen, 1934, 511, 209 ; Kindler and Peschhe, 
ibid. 1935, 519, 291 ; Brown, Durand and Jiar- 
vel, J. Am er. Chem. Soc. 1936, 58, 1594), an 
recent study shows that the hydrogenation 0 
benzene with platinum black is markedly depe 
dent on pg, being fastest in acid, and a os 
stopped in alkahne, solution (Foresti, Gazze > 
1936, 66, 455, 464). Peroxides, such as heiwoy 
peroxide and perbenzoic acid, have also 
found to increase the velocity 
hydrogenations (Thomson, J. Amer. Chem. 
1934,56,2744). ^ 

General Considerations.— Owing to “j 
vastly different characters of the availab 
catalysts it is not possible to place them may 
definite order of effectiveness. For 
hydrogenation the catalysts in g^’eatest /avom 
ire Adams’ platinum oxide catalyst, 
strontium carbonate or charcoal, and i 

lickel. The most favoured solvents are et y 

ileohol and acetic acid. 

The effect of constitution on ease of hydrogens 
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tion follows no vei*y general rules, but the hydro- 
genation of aromatic nuclei is more difficult 
than that of ethylenic and acetylenic linkages 
and carbonyl groups. Among ethylenic com- 
pounds it has been observed by many workers 
that the rate of hydrogenation decreases with 
the accumulation of alkyl groups on the un- 
saturated carbon atoms (c/. Vavon et al., Compt. 
rend. 1923, 176, 898 ; 177, 401, 453 ; Lebedev, 
Kobliansky and Yakubchik, J.G.S. 1925, 127, 
417). It has been observed that the cyclo- 
pentane ring is sometimes opened in hydro- 
genations at high temperatures (Zelinski, 
Kazanski and Plate, Ber. 1933, 66 [B], 1415 ; 
1935, 68 [B], 1869 ; Denisenko, ibid. 1936, 69 
[B], 1353, 1668, 2183). 

Paal and Schiedewitz {ibid. 1927, 60 [B], 1221 ; 
1930, 63 [B], 766 ; Paal, Schiedewitz and 
Rauscher, ibid. 1931, 64 [B], 1521) state that, 
in general, the cts-forms of ethylenic compounds 
are more rapidly kydregena ted than the trans; 
Weygand, Werner and Lanzendorf { J. pr. Chem. 
1938, [ii], 151, 231), however, find that this 
conclusion is not universally valid. According 
to Bourguel and Yvon (Compt. rend. 1926, 182, 
224) the partial hydrogenation of acetylenic 
compounds yields cie-ethylenic compounds. A 
stereochemical conclusion which is much more 
general is the now classical Auwers-Skita rule 
(Skita, Ber. 1920, 53 [B], 1792 ; von Auwers, 
Annalen, 1920, 420, 84) which 'states that 
hydrogenation in neutral or allcaline solution 
favours the formation of imna-compounds, 
whereas hydrogenation in acid media leads to 
cia-compounds. This rule has proved of great 
value in the assignment of configurations to 
many products but its interpretation is, in cer- 
tain cases, rather doubtful (Ruzicka, Briingger, 
Eichenberger and Meyer, Helv. Chim. Acta, 
1934, 17, 1407). 

In a recent review (Chem. Soc. Annual Rep. 
1937, 34, 221) Linstead remarks that “ Hydro- 
genation of nnsaturated compounds over 
platinum or palladium catalysts is now part of 
standard technique. By the improvement in 
the activity of catalysts ... it has become 
possible to hydrogenate almost any description 
of double bond, the operation being carried out 
in the liquid phase or in solution at the ordinary 
temperature and at the ordinary or very slightly 
raised pressure. . . . Complete hydrogenation 
has thus largely become a matter of routine, and 
the main developments must now be in the 
improvement of selectivity." Several examples 
of selective hydrogenation will be discussed 
later, but certain, results may be mentioned 
here. Dupont (Bull. Soc. chim. 1936, [v], 3, 
1021, 1030) found that Raney nickel was generally 
more selective in its action than Adams’ catalyst; 
in the hydrogenation of polyenes with this 
catalyst stepwise reduction was the rule as it was 
in the case of acetylenes. Similar results were, 
however, obtained by Bourguel (Bull. Soc. chim. 
1927, [iv], 41, 1446) with a platinum catalyst. 
The work of Adkins on high pressure hydro- 
genation with Raney nickel and copper chromite 
has led to the possibility of achieving remarkably 
selective hydrogenation. Thus, since copper 
chromite is inactive to benzene nuclei, whereas 
Raney nickel is inert towards ester groups, it is 


possible to hydrogenate one and the same 
aromatic ester to an aromatic alcohol, with 
copper chromite, or to a cyclohexane ester, with 
Raney nickel. A most remarkable selective 
hydrogenation is the reduction of butyl oleate 
to the corresponding unsaturated octadecenol 
using a zinc-chromium oxide catalyst (Sauer 
and Adkins, J. Amer. Chem. Soc. 1937, 59, 1). 

SPECIAL. 

The remainder of this article deals, in detail, 
with the hydrogenation of various important 
classes of compound. 

Ethylenic Compounds. — ^In general carbon- 
carbon double bonds are readily hydrogenated 
even with comparatively inert catalysts ; car- 
boxyl groups do not interfere and it is generally 
possible, by correctly choosing the experimental 
conditions, to hydrogenate the ethylenic linkage 
in an nnsaturated carhonyi compound vuthout 
affecting the carbonyl groups (c/. Sldta, Ber. 
1908, 41, 2938 ; Skita and Ritter, ibid. 1910, 43, 
3393; Paal, ibid. 1912, 45, 2221; Vavon, Ann. 
chim. 1914, [ix], 1, 193). A useful table showing 
the relative ease of hydrogenation (Adams’ 
Catalyst) of a ■wide range of ethylenic com- 
pounds is given by Kern, Shriner and Adams 
(J. Amer. Chem. Soc. 1925, 47, 1147) ; attention 
has already been dra'wn to the fact that the rate 
of hydrogenation of an ethylenic linkage is 
reduced by the accumulation of substituents 
(c/. Zartman and Adkins, ibid. 1932, 54, 1668) ; 
Lebedev and Platonov, J.C.S. 1930, 321). Paal 
(Ber. 1912, 45, 2221) studied the stepwise 
hydrogenation of a series of dienic compounds ; 
he concluded that stepwise hydrogenation only 
occurred when the double bonds were separated 
by at least 1 carbon atom, thus : 

PhCH:CHCH:CHCOMe 

+ 2H2 

^ PhCHa-CHa-CHgCHa-COMe 

but 

PhCH:CHCOCH:CHPh 

-i-H, 

> PhCHyCHyCO-CHiCHPh 

-t-Hg 

^ PhCHa-CHa-COCHyCHaPh 

Similar phenomena are observed with terpene 
derivatives (c/. Wallach, Annalen, 1911, 381, 51), 
e.gr. limonene : 




V 

+ Hs. 
> 

Y 

4- Hg 
> 

Y 



/\ 




If a relatively inactive catalyst is used it is 
frequently possible to obtain good yields of the 
pure mo'no-unsaturated compound in this way 
{e.g. caryophyllene dihydrocaryojihyllene ; 
Deussen, ibid. 1912, 388, 156 ; J. pr. Chem. 1926, 
[ii], li4, S3}. 
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Acetylenic Compounds are usually very 
readily hydrogenated under mild conditions. 
Two-stage hydrogenation : 

+ H 2 ■ -rHo 

RCiCR' ^ RCH:CHR' ^ RCHg-CHgR' 

has frequently been observed, especially with 
palladium catalysts (c/. Paal et al., Ber, 1909, 
42, 3930 ; 1915, 48, 1202 ; Kelber and Schwartz, 
ibid. 1912, 45, 1946 ; Bourguel, Bull. Soc. chim. 
1927, [iv], 41, 1475). Platinum catatysts are 
not so effective in bringing about this partial 
hydrogenation, mixtures of saturated and 
ethylenic compounds being produced (Paal and 
Schwartz, Ber. 1918, 51, 640 ; Salkind et al., J. 
Russ. Phys. Chem. Soc. 1914, 45, 1875 ; 1917, 
49, 130 ; Ber. 1933, 66 [B], 321 ; J. Gen. Chem. 
U.S.S.R. 1933, 3, 91 ; 1936,6,1085; 1937,7,740, 
1235). Raney nickel (Dupont, Bull. Soc. chim. 
1936, [v], 3, 1030; Campbell and O’Connor, J. 
Amer. Chem. Soc. 1939, 61, 2897) and the iron 
catalyst prepared similarly (Paul and Hilly , 
Compt. rend. 1938, 206, 608; Thompson and 
Watt, J. Amer. Chem. Soc, 1940, 62, 2555) are 
effective catalysts for the semi-hydrogenation 
of aeetjdenes. U.S.P. 1920242 describes the 
partial hydrogenation of vinylacetylene to 
butadiene. Bourguel (Compt. rend. 1925, 180, 
1753) finds that the hydrogenation of acetylenic 
compounds with colloidal palladium at low 
temperatures usually yields the czs-form of the 
ethylenic product. 

Aromatic Nuclei. — ^The hydrogenation of 
the benzene nucleus is a more difficult process 
than that of the ethylenic double-bond; it is 
best brought about with a platinum catalyst 
in acetic acid solution (Willstatter and Hatt, 
Ber. 1912, 45, 1471 ; Skita and Meyer, ibid. 
1912, 45, 3589). Adams and Marshall (J. Amer. 
Chem. Soc. 1928, 50, 1972) give a useful table 
of the relative rates of hydrogenation of a range 
of aromatic compounds mth Adams’ catalyst 
in acetic acid. Copper chromite is not effective 
for the hydrogenation of aromatic nuclei, but 
benzene and its homologues are hydrogenated 
over Raney nickel at 120-175°/100 atm. ; the 
accumulation of phenyl groups renders hydro- 
genation more difficult (Adkins, Zartman and 
Cramer, ibid. 1931, 53, 1425 ; Zartman and 
Adkins, ibid. 1932, 54, 1668). Benzenoid com- 
pounds are also fairly readily hydrogenated by 
the method of Sabatier and Senderens (Compt. 
rend. 1901, 132, 210, 566, 1254) ; in the case of 
compounds containing several isolated benzene 
nuclei it is possible to hj'drogcnate these succes- 
sively (Sabatier and Murat, ibid. 1912, 154, 
1390, 1771 ; 155, 385 ; Godchot, ibid. 1908, 147, 
1057). It is interesting to note that, whereas 
most diphenyl derivatives can be hydrogenated 
normally, certain compormds which are optically 
active ovdng to restricted rotation are very 
resistant to hydrogenation (Waldeland, Zartman 
and Adkins, J. Amer. Chem. Soc. 1933, 55, 4234). 
Willstatter and King (Ber. 1913, 46, 527), using 
platinum black, brought about the hydrogena- 
tion of styrene in two stages : 

-{-Hj 

PhCHiCH, ^ PhCH„-CH3 

+ 3H„“ 

CeHii-CHg-CHs 


Sabatier and Senderens (Compt. rend. 1901 
132, 1257) succeeded in hydrogenating' naph 
thalene to tetrahydronaphthalene (tetralin)- 
Leroux {ibid. 1904, 139, 672), using more 
drastic conditions, converted this into deca- 
hydronaphthalene (decaHn). Using a nickel 
catalyst at 250°/120 atm., Ipatiev (Ber. 1907, 
40, 1281) brought about the two-stage hydro- 
genation of naphthalene : 



Decalin. 


Willstatter and his co-workers made a careful 
study of the hydrogenation of naphthalene over 
platinum black in acetic acid ; they were able to 
demonstrate the successive formation of the 
dihydro-, tetrahydro- and decahydro-com- 
pounds (ibid. 1912, 45, 1471 ; 1913, 46, 527). 
Willstatter and Seitz (ibid. 1924, 57 [B], 683) 
showed that the decalin so obtained was the 
pure cfs-compound, whereas nickel at 160 
yields chiefly irans-decahn. The most important 
work on the hydrogenation of naphthalene is 
probably that of Schroeter (Armalen, 1922, 
426, 1) who worked out a method, using a 
nickel catalyst at 200°/12-15 atm., for the 
production of tetralin in large quantities. Since 
naphthalene is produced as a by-product m 
quantities greatly in excess of requirements, its 
hydrogenation to useful solvents has become of 
great technical importance (B.P. 147474, 147476, 
147580, 147747, 172688, 322445; U.S.P. 

1733908, 1733909 ; G.P. 299012, 324861, 324862, 
324863 ; cf. B.P. 304403). Musser and Adtos 
(J. Amer. Chem. Soc. 1938, 60, 664) find that 
naphthalene may be hydrogenated to tetrahn 
over Raney nickel at 100° ; with copper 
chromite a higher temperature (200°) is reqmred, 
but the reaction stops completely at the 
stage. Lush (J.S.C.I. 1927, 46, 454T) finds that, 
with a nickel catalyst, vapour-phase hydro- 
genation of naphthalene yields exclupve y 
tetralin, while decalin is produced in ^q^d- 
phase hydrogenation; he suggests ® 

is due to a diference in orientation at the catmy- 
tic surface in the two phases. Oil ^ 
hand, Maillard (Compt. rend. 1933, 197, 14-^1 
finds that, in the liquid phase, decalin js pro 
duced directly at 20°, whereas tetrahn fornm an 
intermediate product at all temperatures a ove 


Godchot (Ann. Chim. Phys. 1907, [vm], 12, 
68 ; BuU. Soc. chim. 1907, [iv], 1, 724) f 
;epwise hydrogenation of anthracene to 

ydro-, octahydro- and perhydro-anthracenes m 

le vapour phase over an active nickel ca a y , 
ad similar results were obtained by 
ydrogenation (Ipatiev, Jakovlev and Ra 1 , 
er. 1908, 41, 996). Schroeter (ibid. 1924, 57 
I], 2003) found that anthracene undergoe 
ydrogenation with a nickel catalyst at l/u- 
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.150°/10-20 atm., to the octaliydro-compound 
in three stages ; 



Fries, Schilling and Littmann {ibid. 1932, 65 [B], 
1494) state that the l:2:3:4-tetrahy(iro-com- 
pound is formed by two simultaneous reactions, 
viz. a slow reaction through the 9:10-dihydride 
and a fast direct reaction. Further hydrogena- 
tion yields perhydroanthracene, which is ob- 
tained in different stereoisomeric forms accord- 
ing to the catalyst and solvent used. Martin and 
Hugel (Bull. Soc. chim. 1933, [iv], 53, 1500) have, 
however, brought forward evidence in support 
of Schroeter’s view of the course of the reaction. 
According to Waterman, Leendertse and 
Cranendonk (Rec. trav. chim. 1939, 58, 83) hydro- 
genation of anthracene over a nickel-kieselguhr 
catalyst yields first octahydroanthracene and 
then a mixture of perhydroanthracenes. 

The earlier results on the hydrogenation of 
phenanthrene (Breteau, Compt. rend. 1905, 140 , 
942 ; Schmidt and Metzger, Ber. 1907, 40 , 4240 ; 
Ipatiev, Jakovlev and Rakitin, ibid. 1908, 41 , 
996 ; Schmidt and Fischer, ibid. 1908, 41 , 4252 ; 
Padoa and Fabris, Gazzetta, 1909, 39, 333) are 
somewhat conflicting. It was sho'wn, however, 
by Schroeter (Ber. 1924, 57 [B], 2025 ; Schroeter, 
Muller, and. Huang, ibid. 1929, 62 [B], 645) that 
the reaction took the foUowng course : 



The symmetrical octahydride can be prepared 
in good yield by this method (van de Kamp and 
Mosettig, J. Amer. Chem. Soc. 1935, 57, 1107); 
recently Durland and Adkins {ibid. 1937, 59, 135) 
working with Raney nickel and copper chromite, 
have shoum that, by varying the experimental 
conditions, considerable amounts of the un- 
S 3 ’^mmetrical octahydride may be obtained. The 
pure O.'IO-dihydride may be prepared in quantity 
by selective hydrogenation using a special copper 
chromite catalyst (Burger and Mosettig, ibid. 
1935, 57, 2731 ; 1936, 58, 1857). 

J. von Braun and Irmisch (Ber. 1932, 65 [B], 
883) found that chrysene is hydrogenated over a 
nickel catalyst in three stages ; 



These workers were unable to obtain the 
perhydro-compound, but Spilker (Angew. 
Chem. 1935,48, 368) succeeded in preparing this 
by using specially pure chrysene in decalin 
solution. 

Benzene Derivatives. — According to the 
conditions, a phenol may be hydrogenated either 
to the corresponding cyclohexanol or to the 
cyclohexanone : 



The initial formation of the enolic form of the 
cyclohexanone postulated in the above scheme 
has been substantiated by the work of Grignard 
and ilingasson (Compt. rend. 1927, 185, 1552). 
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In the vapour-phase hydrogenation of phenol and Philipev, ibid. 1908, 4l, 1001) Skita and 
over nickel, Sabatier and Senderens {ibid. 1903, ileyer {ibid. 1912, 45, 3589) were able to hydro 
137, 1027) found that the amount of cyclo- genate benzoic acid successfully with colloidal 
hexanone formed increased with rise of tempera- palladium in acetic acid, and Willstatter and 
ture. The mixture formed from phenol by Jaquet {ibid. 1918, 51, 767) studied the hydro- 
hydrogenation at 180° may be converted into genation of several aromatic acids with platinum 
pure cyciohexanol by rehydrogenation with black in acetic acid ; the latter authors noticed 
nickel at 150-170° and into pure cyc?ohexanone | ' ' 

by dehydrogenation over copper at 330° j 
homologues behave similarly (Sabatier and 
Mailhe, ibid. 1905, 140, 350; 1906, 142, 553). 

WiUstatter and Hatt (Ber. 1912, 45, 1471), 
using platinum black in acetic acid, obtained a 
mixture of cycZohexanol and cyclohexanone from J 
phenol ; however, a " convenient laboratory | 
method for the hy^drogenation of phenol to 


the interesting fact that hydrogenation was 
rendered very much more difficult by the 
presence of even small traces of the acid 
anhydride. The hydrogenation of ethyl ben- 
zoate with Adams’ cataly’^st in ethyl alcohol 
has been described by Gray and Marvel (J. Amer. 
Chem. Soc. 1925, 47, 2799). The presence of a 
hydroxyl group appears to facilitate the hydro- 
genation of aromatic acids; thus, Balas and 


cycZohexanol with Adams’ catalyst in acetic acid grol (CoU. Czech Chem. Comm. 1929, 1, 685; 
has been described (Adams and Voorhees, ' - - 

J. Amer. Chem. Soc. 1922, 44, 1404). Brochet 
(Compt. rend. 1922, 175, 583; Bull. Soc, cbioi 
1922, [iv], 31, 1270) studied the pressure hydro- 
genation of a number of phenols to the corre- 
sponding cyclohexanols over nickel. In recent 
years cyclohexanone {q.v.) {“ Sextone ”) and cyclo- 
hexanol {q.v.) (“ Sexlol ” ; “ Hexalin ”) and their 
homologues have become technically important 
as inexpensive solvents and large quantities are 
produced by the hydrogenation of phenol and 
the eresols (U.S.P. 1247629, 1643619; G.P. 

444665, 473960), The hydrogenation of poly- 
phenols is not generally very satisfactory 
(Sabatier and Senderens, Ann. Chim. Phys, 

1905, [viii], 4, 428 ; Sabatier and Mailhe, Compt. 


c/,'Edson, J.S.C.I. 1934, 53, 138T) were able to 
hydrogenate hydroxybenzoic acids under very 
mild conditions. 

The hjArogenation of aromatic amines is 
compUcated by‘the formation of by-products. 
Thus Sabatier and Senderens (Compt, rend. 
1904, 138, 457, 1257) found that, in the vapour- 
phase hydrogenation of aniline over nickel, not 
only was cycZohexylamine formed by the 
normal reaction, but the secondary amines 
dicycZohexylamine and cycZohexylaniUne were 
also produced, ammonia being eliminated. 
The same side-reactions are observed with other 
catalysts, e.g. nickel under pressure (Ipatiev, 
Ber, 1908, 41, 991), WiUstatter’s platinum black 
(Willstatter and Hatt, ibid. 1912, 45, 1471), 


sec- and terZ-aromatic amines (Sabatier and 
Senderens, ibid. 1904, 138, 1257 ; Darzens, ibid. 
1909, 149, 1001). Adam’s catalyst has been 
used successfully in the hydrogenation of 
aromatic amines (Hiers and Adams, ibid. 1926, 
59 [B], 162). ^ ^ 

Heterocyclic Compounds. — ^The hyclro- 


+2H2 


rend. 1908, 146, 1193 ; Ipatiev and Lougovoy, This type of side-reaction does not occur with 

J. Pvuss. Phys. Chem, Soc. 1914, 46, 470; Wie - ' - ’ " ' — •' — onri 

land and Wishart, Ber. 1914, 47, 2082; Von 
Braun, Haensel and Zobel, Annalen, 1928, 462, 

283). 

a- and ^-Naphthols on reduction over nickel 
at 130° give 85% and 75% respectively of the 

l:2;3:4-tetrahydro-derivative and 15% and 25% . 

respectively of the 5:6:7:8-tetrahydro-derivative genation of many heterocychc compounds by the 
(Brochet and Comubert, Compt. rend. 1921, Sabatier-Senderens technique is unsatisfactory 
172, 1499 ; Bull. Soc. chim. 1922, [iv], 31, oAving to ring-fission, but Darzens (Compt. rend. 
1280). Schroeter (Annalen, 1922, 426, 83) 1909, 149, 1001) successfully hydrogenated 
obtained large amounts of a-tetralone and of quinoline over nickel at 160-180° to the 1:2;3:4- 
tetralin in the hydrogenation of a-naphthol at tetrahydro-derivative : 

200° ; at lower temperatures a-tetralone was the 
chief product. With )3-naphthol less de-oxy- 
genation was observed (c/. Hiickel, ibid. 1927, 

451, 109). Complete hydrogenation of the 
naphthols yields a- and )3-decaloLs (Leroux, 

Compt. rend. 1905, 141, 953; Ann. Chim. Phys. 

1910, [viii], 21, 483; Ipatiev, Ber. 1907, 40, , i 1, ,v,T.invpd 

1281 • G P 444665) Pressure hydrogenation has also been empioyeu 

Sabatier ‘and Murat (Compt. rend. 1912, 154, successfully (Von Braun, Petzold and Seemaim, 
923) were unable to h3'drogenate benzoic acid Ber. 1922, 55 [B], 3779 ; Sa^kov an 
Avitii nickel at 170-180° but found that benzoic hailov, ibid. 1928, 61 [B], 421, 1'^'/ ‘ ' 

esters Tyere readily converted into the cyclo- 1928, 438) ; the nature of the 
hexane derivatives. Ipatiev and his co-Avorkers dent on the nature and loog 

(Ber. 1908, 41, 1001; 1926, 59 [B], 306) were tuents (Von Braun cZ aZ., Ber. 1923, 56 [BJ, w , 
able to bring about the smooth hydrogenation of 1347). Platinised asbestos app^rs 
the alkali salts of aromatic acids by using nickel specially Aiseful catalyst 

underpressure. This method is to be preferred pynidine to pipendme (Zelmsky and Bon , 
Avhen the vapour-phase hydrogenation of the ibid. 1924, 57 [I^, 1^0). T e y Aprira- 

ester is accompanied by decarboxylation; thus, large mmber of pAuidine an qumo ^ 

diethyl phthalate yields carbon dioxide and the tives Avith colloidal palladium 
esters of phthalic and benzoic acids, whereas Skita and his Iq'oj. w’rBl* 

potassium phthalate gives potassium cyda- 3312, 3579; 1916, 49, 1^9/, , ^ 

hexane-1 :2-dicarboxylate in good yield (Ipatiev 1977) ; gum arabic Avas used as p 
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colloid and the presence of acetic acid was 
advantageous except _in the case of pyridine 
which was best hydrogenated in the presence of 
hydrochloric acid. Adams’ platinum oxide 
catalyst is not effective for the hydrogenation 
of free pyridine, but the hydrochloride is readily 
hydrogenated in alcoholic solution (Hamilton 
and Adams, J. Amer. Chem. Soc. 1928, 50, 
2260). Using colloidal platinum, quinoline has 
been hydrogenated to a mixture of stereoisomeric 
decahydro-compounds : 



(Hiickel and Stepf, Annalen, 1927, 453, 163 ; 
Lehmstedt, Ber. 1927, 60 [B], 1370). Recently, 
Raney nickel has been found to be an excellent 
catalyst for the hydrogenation of pjwidine and 
its derivatives (Adkins and Connor, J. Amer. 
Chem. Soc. 1931, 53, 1091 ; Adkins, Kuick, 
Farlow and Wojcik, ibid. 1934,' 56, 2425), sub- 
stituents in the 2- and 6- positions facilitating 
the hydrogenation; a special palladised nickel 
catalyst has also been recommended (Ushakov, 
Livshitz and Zhdanova, Bull. Soc. chim. 1935, 
[v], 2, 573). M. De Jong and 'Wibaut (Rec. trav. 
chim. 1930, 49, 237) used Adams’ catalyst in 
acetic acid for the hydrogenation of pyrroles to 
pyrrolidines and observed that .substitution 
facilitated hydrogenation ; a similar observation 
has been made with Raney nickel (Signaigo 
and Adkins, J. Amer. Chem. Soc. 1936, 58, 
709 ; Rainey and Adkins, ibid. 1939, 61, 1104). 

The hydrogenation of furfural in the vapour- 
phase over nickel is a complicated process, the 
following reactions taking place : 


+ H„ 


CHO 


CH,— CH, 

1 1 

CHg COMe 


CHa'OH 


+ 3H, 


isom. 
-< 


Me 


CHgMeCHg-CflMeOH 


(Padoa and Ponti, Atti R. Accad. Lincei, 1906, 
15, (ii), 610 ; cf. F.P. 639756). Scheibler, Sot- 
schek and Friese (Ber. 1924, 57, 1443) attempted 
to hydrogenate furfural to tetrahydrofurfural ; 
in order to protect the aldehyde group they em- 
ployed the dietliylacetal and the diacetate, of 
wliich only the latter gave satisfactory restilts. 
Kaufmann and Adams (J. Amer. Chem. Soc. 
1923, 45, 3029) found that tetrahydrofurfuryl 
alcohol was the main product of the hydrogena- 
tion of furfural with Adams’ catalyst in alcoholic 
solution; ferric chloride is a marked promoter 
for this reaction. Tetrahydrofurfuryl alcohol 
is now made on a large scale for use as a solvent 


(U.S.P. 1703697). Wienhaus (Ber. 1913, 46, 
1927; 1920, 53 [B], 1656) has successfully 

hydrogenated furan rings with a colloidal pal- 
ladium catalyst. Pyrones may bo smoothly 

hydrogenated in the nucleus with colloidal 

palladium or with platinum black (Borsche et al., 
ibid. 1915, 48, 682 ; 1926, 59 [B], 237). 

Carbonyl Compounds. — ^Hydrogenation of 
a carbonyl compound may yield either an alcohol 
or a hydrocarbon : 

I ' -HH, 1 1 

CH, ^ C=0 ^ CH-OH 

1 -up j 1 

With platinum black, alcohol formation occurs 
readily with aromatic aldehydes and with cyclic 
ketones ; in other cases the reaction is generally 
slower. In those cases in which much hydro- 
carbon tends to be formed (e.g. citral, acetone, 
acetoacetic ester, acetophenone) the use of 
aqueous alcohol as solvent diminishes the yield 
of hydrocarbon (Vavon, Compt. rend. 1911, 153, 
68 ; Ann. Chim. 1914, [ix], 1, 148 ; Shriner and 
Adams, J. Amer. Chem. Soc. 1924, 46, 1683). 
Faillebin (Ann. Chim. 1925, [x], 4, 156) observed 
that the presence of traces of iron or aluminium 
in the platinum catalyst favoured alcohol for- 
mation; a promoter action with these metals 
was observed by Shriner and Adams (J. Amer. 
Chem. Soc. 1923, 45, 2171) and by Carothers and 
Adams {ibid. 1925, 47, 1047). Sabatier and 
Senderens (Compt. rend. 1903, 137, 301 ; cf. 
Amouroux, BuU. Soc. chim. 1910, [iv], 7, 154) 
found that aliphatic aldehydes and ketones 
were satisfactorily hydrogenated to alcohols in 
the vapour-phase over nickel ; cyclopentanones 
generally gave considerable amounts of by- 
product {cf. Zelinsky, Ber. 1911, 44, 2779, 2781, 
2782; Go'dchot and Taboury, Compt. rend. 
1911, 152, 881 ; 1913, 156, 470 ; Bull. Soc. chim. 
1913, [iv], 13, 591) but cyclohexanones were 
reduced normally (Sabatier and Senderens, 
Ann. Chim. Phys. 1905, [viii], 4, 402; Haller 
and Martine, Compt. rend. 1905, 140, 1298). 
Using nickel under pressure, Ipatiev (Ber. 1907, 
40, 1270) found that an equilibrium : 

RR'CO RR'CH-OH 

-Ha 

was set up, the same mixture of alcohol and 
ketone being obtained from either pure com- 
ponent. J. von Braun and Kochendorfer {ibid. 
1923, 56 [B], 2172), however, applied the 
Schroeter procedure to a number of carbonyl 
compounds and achieved smooth formation of 
alcohols, except with aliphatic aldehydes, which 
yielded varying amounts of bimolecular sec- 
alcohol {cf. "Von Braun and Manz, ibid. 1934, 
67 [B], 1696). Both Raney nickel and copper 
chromite are good catalysts for the hydro- 
genation of ketones to alcohols by the Adkins 
method (Adlcins and Cramer, J. Amer. Chem. 
Soc. 1930, 52, 4349 ; Adkins and Connor, ibid. 
1931, 53, 1091 ; Covert and Adkins, ibid. 1932, 
54, 4116; Zartman and Adkins, ibid. 1932, 54, 
1668). Delepine and Horeau (Compt. rend. 1935, 
201, 1301; 1936, 202, 995; BuJ. Soc. chim. 
1937, [v], 4, 31) find that the hydrogenation of 
carbonyl compounds with Raney nickel is 
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facilitated by the addition of alkali ; the effect 
is not due to enolisation since it is observed with 
benzophenone. Zelinsky, Packendorff and 
Chochlowa (Ber. 1935, 68 [B], 98) observed the 
following curious facile hydrogenation with 
I^latinised charcoal : 


Me Me 


O O 


+3H2 

> 

-HgO 


Me" Me 



OH 


In the case of ethylenic ketones h3’^drogena- 
tion frequently takes place in stages. Wallach 
(Annalen, 1911, 381, 51), using colloidal platinum 
or palladium under mild conditions, found that 
it was usually possible to hydrogenate the 
double bond in an unsaturated aldehyde or 
ketone without affecting the carbonyl group. 
The hydrogenation of carvone is a particularly 
interesting example of stepwise h^’^drogenation ; 
it is possible to obtain any one of three pro- 
ducts by stopping the hydrogenation at the 
appropriate point : 






+ H2 
^ 



(Vavon, Compt. rend. 1911, 153, 68 ; 1912, 154’ 
1795 ; Ann. Chim. 1914, [i.x], 1, 148). Similar 
stepwise hydrogenations were carried out by 
Skita (Ber. 1915, 48, 1486, 1685), who foxmdit was 
desirable to modify the conditions in order to 
obtain the best yield of any desired product. 

As a general rule carbonyl groups adjacent to 
aromatic nuclei are hydrogenated very readilj’^ 
to methylene. ' This reaction has been observed 
in the vapour-phase over nickel at atmospheric 
pressure (Darzens, Compt. rend. 1904, 139, 868 ; 
Darzens and Rost, 1908, 146, 933 ; Sabatier 
and Murat, ibid. 1912, 155, 385) and at high 
pressures (Ipatiev, Ber. 1908, 41, 993) and in 
solution with, inter alia, colloidal platinum 
(Skita, Bet. 1915, 48. 1486), palladised charcoal 
(Hartimg and Crossley, J. Amer. Cliem. Soc. 
1934, 56, 158) and palladised barium sulphate 
(Rosenraund and Jordan, Ber. 1925, 58 [B]. 
160). Man5’^ cases are, however, IniOAra in 
which such carbonyl groups are smoothly 
hydrogenated to alcohols {e.g. benzaldeh3'de 
with Adams’ catal3’st, RailJebin, Ann. Chim. 
1925, [x], 4, 467). Many attempts have been ; 
made to obviate the tendenc3' to h3’drocarbon 
formation ; thus the use of certain solvents 
tends to minimise hydrocarbon formation ; aro- 
matic aldehydes \’ield onh* the alcohols in ether. 


ethyl acetate or alcohol (Vavon, Compt. rend. 
1912, 154, 359) and a simdar result is obtained 
with aromatic ketones in aqueous alcohol 
O^avon, ibid. 1912, 155, 286). Skita and 
Brunner (Ber. 1915, 48, 1685) sought to avoid 
h3’-droparbon formation by using the enol acetate 
but with little success ; Rosenmund and Jordan 
(Ber. 1925, 58 [B], 160) were able to obtain 75% 
3-ields of alcohols from aromatic aldehydcss by 
ad^'ng quinoline, which acted as a selective 
poison for the reaction leading to hydrocarbon 
formation. 

Alcohols, Ethers and Oxides.— Smirnov 
(J. Russ. Ph3's. Chem. Soc. 1909, 41, 1374) 
observed that benzy^l alcohol and its ethers 
ynelded toluene on lydrogenation by the 
Sabatier-Senderens, method ; 


H, 

PhCHg-OR — ^ PhMe-fROH 


whereas other aromatic ethers (e.g. anisole) are 
smoothl3’- hydrogenated to the corresponding 
cyclohexyl ethers (Brunei, Ann. Chim. Ph3'5. 
1905, [vui], 6, 205 ; Sabatier and Senderens, 
Bull. Soc. chim. 1905, [iii], 33, 616). This 
reaction is analogous to the facile de-oxygena- 
tion of carbonyl groups which are a- to an aro- 
matic nucleus. Benzyl ethers readily undergo 
this “ h3*drogenolysis ” with Raney nickel at 
100-150°/150-250 atm. whereas phenyl alkyl 
ethers and dialkyl ethers are resistant under 
these conditions (Van Duzee and Adkins, J. 
Amer. Chem. Soc. 1935, 57, 147). Cyclic oxides 
are hydrogenated to alcohols : 


-CH 

I 

-CH^ 


\ 


O 


— CH'OH 

I 

— CH, 


with nickel at room temperature (Weill and 
Kay'ser, Bull. Soc; chim. 1936, [v], 3, 841) or by 
the Sabatier-Senderens method (Brunei, Ann. 
Chim. Phys. 1905, [viii], 6, 237). 

Carboxylic Acids and Esters. — Carboxyl 
and carbethoxyd groups are generally little 
affected by* ordinary methods of hydrogenation. 
In 1931, however, three groups of workers suc- 
cessfully^ converted esters into primary' alcohols : 


R-COgR' 


h2H, 


R-CHoOH-IR'OH 


by hydrogenation at high temperature and 
pressure (Adkins and Folkers, J. Amer. Cbcni. 
3oc. 1931, 53, 1095; Schrauth, Schenck and 
stickdom, Ber. 1031, 64 [B], 2051 ; Normnnn, 
1. angew. Chem. 1931, 44, 714). Adkms and Ins 
;o-workers have since made an e.xtensive study 
)f this hy’drogenolysis ; copper chronute apirear? 
;o be the most useful cataly.st and a carbethoxyl 
'roup adjacent to an aromatic ring is - 
•educed to a hydrocarbon since the intermediate 
rroduct is a benzy'l alcohol (Adkins and 
r. Amer. Chem. Soc. 1932, 54, 1145; Wojcik 
md Adkins, ibid. 1033, 55, 129.3, 4930; Adkms, 
Vojeik and Covert, ibid. 1033, 55, 10b-)- 
lecentlv, Palfray and Sahetay (Bull. Soc. dnrn. 
;936, [-v], 3, 682) have carried out the same 
eaction using nickel at comparatively io-’ 

ires-sures. , . 

Hie anhvdride.-of monoba‘-ic acid.s yield mix- 
ures of acid, alcohol, aldehyde and crier on 
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hydrogenation by the Sahatier-Senderens method 
(Sabatier and Mailhe, Compt. rend. 1907, 145, 
IS) or with palladium black (Manmch and 
Nadelmann, Ber. 1930, 63 [B], 796) ; the latter 
authors state that acetic anhydride is fairly 
readilj’^ h 3 'drogenated to acetaldehyde especially 
in the presence of hj’drochloric acid, and it is 
therefore necessarj’’ to exercise caution when 
using acetic anhj^dride as a hydrogenation sol- 
vent. Dibasic anhj’^drides, on the other hand, 
are smoothl}’^ hydrogenated to lactones. 


0 

-f-2H„ 
-> 

/CH, 


-H„0 

^CO 


in the vapour-phase over nickel (Eijkraann, 
Chem. Weekblad, 1907, 4, 191 ; Godchot, BuU. 
Soc. chim. 1907, [iv], 1, S29) or in solution over 
copper chromite or Raney nickel (Atistin, 
Bosquet and Lazier, J. Amer. Chem. Soc. 1937, 
59, 864) ; B.P. 290319, however, claims the 
hydrogenation of succinic anhj'dride to pro- 
pionaldehj'de and of phthalic anhj'dridc to 
benzaldehj-de. 

Nitriles are hj’drogenated by most of the 
known methods to the corresponding primary 
amines ; 

rCN — — ^ RCHo-NHa 

but the process is not very satisfactor}-- since, on 
further reaction secondary' and tertiary amines 
are formed with the elimination of ammonia (c/. 
amines, p. 354c). By tlie Sahatier-Senderens 
method the sec-amine is the main product with 
aliphatic nitriles (Compt. rend. 1905, 140, 482; 
Bull. Soc. chim. 1905, [iii], 33, 371) while 
aromatic nitriles xmdergo almost complete loss of 
nitrogen, yielding ammonia and the h 3 'drocar- 
hon; a special procedure is necessar 3 '’ for the 
hydrogenation of aromatic nitriles to amines 
(IVebault, Compt. rend. 1905, 140, 1036). By 
working vuth a nickel catal 3 ’'st under reduced 
pressure, Grignard and Escourrou {ibid. 1925, 
180, 1883) were able to arrest the reaction at the 
aldimiue stage ; 

PhCN ^ PhCH;NH 

At high pressures in the liquid phase a’ mixture 
of primary and secondary amine is formed, 
production of primar 3 ’’ amine being favoured by 
high concentration (Von Braun, Blessinc and 
Zobel, Ber. 1923, 56 [B], 1988). CoUoidal 
platinum (Paal and Gerum, ibid. 1909, 42, 1553) 
and Adams’ catalyst also give rise to mixtures of 
amines ; the reaction has been studied in some 
detail from the meclianistic point of view by 
Rupe and his co-workers (Helv. Chim. Acta, 
1922, 5, 937 ; 1923, 6, 865). The use as solvent 
of acetic acid containing a little h 3 ^drochlqric 
acid is said to increase the proportion of primar 5 ' 
amine (Eosenmund and Pfankuch, Ber. 1923, 
56 [B], 2258) while, by using acetic anh 3 ’drido as 
solvent, Carothers and Jones (J. Amer. Chem. 
Soc. 1925, 47, 3051) obtained the acet 3 -l deriva- 
tive of the jirimary amine as the sole product. 

' Succinonitrile is readil 3 ' reduced to aS-diamino- 
butane with a palladium catal 3 'st in alcoholic 
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solution (Strack and Schwaneburg, Ber. 1934, 
67 [B], 39). 

H 3 ’^drogenation of a mixture of a nitrile and 
an aldeh 3 'de or ketone 3 uelds the expected sec- 
amine, 

-f3H, 

RCN-i-R'R"CO 3. RCHo-NH CHR'R", 

-H„0 

(Winans and Adidas, J. Amer. Chem. Soc. 1932, 
54 [B], 306). Tertiary amines may be prepared 
similarly by h 3 >'drogennting a mixture of nitrile 
and sec-amine, 

-f2H„ 

RCM-bR'R"NH ^ RCHo-NR'R", 

-NHg 

(Kindlcr and Hesse, Arch. Pharm. 1933, 271, 
439). ‘Certain quaternary ammonium salts 
undergo fission on hydrogenation, c.ff. 

{PhCHrCHCHj-NMegICl 

-J-H., 

^ PhCH:CH-CH 3 -KNHMe 3 }Cl 

(Emde, Helv. Chim. Acta, 1932, 15, 1330), but 
the reaction is 63 ’^ no means general (Emde and 
Hull, Arch. Pharm. 1936, 274, 173). 

Oximes. — Like nitriles, oximes 5 ueld mix- 
tures of primary and secondary amines on 
h 3 'drogenation by the Sahatier-Senderens pro- 
cedure (MaiUie, Compt. rend. 1905,- 140, 1691 ; 
141, 113 ; klailhe and Murat, Bull. Soc. chim. 
1911, [iv], 9, 464), with colloidal palladium (Paal 
and Gerum, Ber. 1909, 42, 1553 ; Gulevich, ibid. 
1924, 57 [B], 1645), and with Raney nickel 
(Winans and Adkins, J, Amer. Chem. Soc. 
1933, 55, 2051 ; Paul, Bull. Soc. chim. 1937, [v], 
4, 1121). Man 3 ’’ methods for avoiding the 
formation of other than primary amine have been 
devised ; Paul (l.c.) found that, using Raney 
nickel at 70-S5°/50-00atm., ketoximes gave only 
prim.ary amines. Eosenmund and Pfankuch 
(Ber. 1923, 56 [B], 2258) hydrogenated oxime 
acetates and obtained only the acetyl derivative 
of the primary amine. Hartung (J. Amer. 
Chem. Soc. 1931,53, 2248), reducing a-oximino- 
ketones in the presence of a palladium catalyst, 
avoided sec- and te?7-base formation by adding 
h 3 'drochloric acid to the solution, while Schales 
(Ber. 1935, 68 [B], 1943) avoids the production 
of aec-amine 63 ’' slowly adding the oxime in 
acetic acid solution to the catalyst (Adams’) in 
a mixture of acetic and sulphuric acids. 

Mignonac (Compt. rend. 1920, 170, 936), work- 
ing with a nickel catal 3 ’st at ordinary tempera- 
ture and pressure, succeeded in arresting the 
hydrogenation of ketoximes at the ketimine 
stage : 

RR'C:N-0H ^ RR'C:NH 

-HjO 

Vavou and his co-workers (BuU. Soc. chim. 1925, 
[iv], 37, 296; 1927, [iv], 41, 357, 677; 1928, 
[iv], 43, 231) found that, when h 3 'drogenated 
with platinum black in aqueous alcohol, man 3 '' 
oximes 3 ^ielded the hydrox 3 ’lamines ; 

-f" Ha 

RR'C:NOH =-> RR'CHNH-OH 

Nitro- Compounds. — ^Aromatic nitro-com- 
pounds in solution with platinum and palladium 
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catalysts are very readily h3'drogenated to 
amines. 


-rSH, 

RNOo ^ RNH,, 

-2H2O 


(Paal and Amberger, Ber. 1905, 38, 1406 ; Paal 
and Gerum, ibid. 1907, 40, 2209; Skita and 
Sleyer, ibid. 1912, 45, 3579 ; Vavon and Calb'er, 
Bull. Soc. cbim. 1927, [iv], 41, 357, 673 ; Adams, 
Cohen and Rees, J. Amer. Chem. Soc. 1927, 49, 
1093). Evidence has been advanced pointing 
to the following mechanism for the reaction. 


RNOo 



-HjO 


d-Hg 

RNO ^ 

4-H2 

RNH-OH > 

-H2O 


RNH2, 


(Cusmano, Atti R. Accad. Lincei, 1917, 26, ii, 87 ; 
Eord, Ber. 1919, 52 [B]. 1705). Paal and Hart- 
mann {ibid. 1910, 43, 243) recommend a solution 
of sodium picrate containing colloidal palladium 
as an absorbent for hydrogen in gas analysis; 
a recent development of the same idea is 
the use for this purpose of a suspension of 
dinitroresorcinol and a nickel catalyst on 
kieselguhr as carrier (Banerjea, Bhatt and 
Eorster, Analyst, 1939, 64, 77). The Sabatier- 
Senderens process is vmsatisfactory, being 
usually complicated by the formation of by- 
products (Compt. rend. 1901, 133, 321 ; 1902, 
135, 225). The earh'er re.sults on the hydrogena- 
tion of non-nuclear nitro-compounds are compli- 
cated and variable (Sonn and ScheUenberg, 
Ber. 1917, 50, 1513 ; Kohler and Drake, 
J. Amer. Chem. Soc. 1923, 45, 1281, 2144), but 
Johnson and Degering {ibid. 1939, 61, 3194) have 
recently reported the hydrogenation of aliphatic 
nitro-compoimds to amines in good yield with 
Raney nickel at 40-50'’/6-110 atm. 

Amides resemble nitriles in yielding mixtures 
of primaiy and secondary amines on hydro- 
genation by the Sabatier-Senderens method 
(Mailhe, Bull. Soc. chim. 1906, [iii], 35, 614). 
Adkins and Wojcik (.J. Amer. Chem. Soc. 1934, 
56, 247, 2419) found that copper chromite in 
dioxan at 175-200°/100-300 atm. was the most 
satisfactory catalyst for the hydrogenation of 
amides to the corresponding primary amines : 


+2H2 

RCO-NH, ^ RCHg-NHa. 

-H2O 

Paden and Adkins (J. Amer. Chem. Soc. 1936, 
58, 2487) brought about the hydrogenation of 
glutarimides to piperidines and of succinimides 
to pyrrolidines : 



CH, CH, 

i I 

CO CO 
NH 


+ 4 H 2 

-2H2O 



CHo CH 

1 I 

CH2 CH 


2 

2 


NH 


CH,— CHg 

1 ! 
CO CO 




— 2H20 


CH,— CH2 

1 “ I 

CH2 CH2 


NH 


It is remarkable that Willstatter and Jaquet 
(Ber. 1918, 51, /6/) found that, with platinum 
black in acetic acid, only the aromatic riug in 
phthalimide was attacked : 




\ 

/ 


NH 


+3H2 
> 



- OtherNitrogen Compounds.— TheSabatier- 

Senderens hydrogenation of azohenzene and of 
phenylhydrazine yields aniline (Bull. Soc. chim. 
1906, [iii], 35, 259). Whitmore and Revuhas 
(J. Amer. Chem. Soc. 1940, 62, 1687) have suc- 
cessfully used hydrogenation with Raney nickel 
in dioxan or alcohol for the quantitative fission 
of azo-dyes. Aldehyde phenylhydrazones are 
hj'drogenated by the Sabatier-Senderens method 
to anihne and a nitrile (which undergoes further 
hydrogenation) : 


RCH:N-NHPh RCN-i-NHaPh 

while ketone phenylhydrazones yield aniline and 
a primaiy amine : 


+2H2 

RR'C;N-NHPh ^RR'CH-NHj+NHjPh. 

Unsubstituted hydrazones behave similarly 
(Mailhe, Compt. rend. 1921, 172, 1107; 1922, 
174, 465; Bull. Soc. chim. 1921, [iv], 29, 417; 
1922, [iv], 31, 340; 1923, [iv], 33, 83). ^ines 
undergo fission to amines on hydrogenation by 
the Sabatier-Senderens method (Mailhe, Compt. 
rend. 1920, 170, 1120, 1265; 1921, 172, 692; 
BuR. Soc. chim. 1920, [iv], 27, 541 ; 1921, [iv], 
29, 219), but they may readily be hydrogenated 
to hydrazines with Skita’s colloidal platinum in 
dilute hydrochloric acid, 

•f- 2 H 

RgCrN-NrCRg ^ RgCH-NH-NH-CHRj, 

(Lochte, Bailey and Koyes, J. Amer. Chem. Soc. 
1921, 43, 2597) or with platinum black in acetic 
acid (Taipale, Ber. 1923, 56 [B], 954). With 
platinum black in acetic acid or alcohol, semi- 
carbazones are hydrogenated to semicarbazides, 


R 


\ 




C:N-NH-CO-NH, 


d-H, 


R 


^CH-NH-NH-CO-NHj, 

R'/ 

(Taipale and Smirnoff, ibid. 1923, 56 [B], 1794). 

S duff’s bases are readily hydrogenated to sec- 
amines, 

RCH:NR' RCHg-NHR', 

with nickel in the liquid phase at 170° (Mailhe, 
BuU. Soc. chim. 1919, [iv], 25, 321 ; 1921, [iv], 
29, 106). Based on this reaction, Slignonac 
(Compt. rend. 1920, 171, 1148; 1921, 

Skita and Keil, Ber. 1928, 61 [B], 1452, 1682 ; 
Emerson and Walters, J. Amer. Chem. Soc. 1 
60, 2023) have developed a method for prepamg 
amines from aldehydes and ketones by hydro- 
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genation in the presence of ammonia or a 
primary amine : 

+Ho 

RR'CO+NH,R" RR'CH-NHR". 

“ -HgO 

In this reaction the ainino may be replaced 
by a nitro-compound (Emerson and Uraneck, 
ibid. 1941, 63, 749) or an azo-compound 
(Emerson, Reed and Merner, ibid. 1941, 68, 
751). 

Dehalogenation occurs somewhat readily 
under hydrogenating conditions, especially rvith 
aromatic halogen compounds : 

+H„ 

RHal ^ RH. 

-H-Hal 

As catalysts for tliis reaction there have been 
used, inter alia, palladised calcium carbonate 
(Busch and Stove, Ber. 2&M, 49, 1063), nickel 
(Kelber, ibid. 1917, 50, 305) and platinum black 
(Swarts, Bull. Acad. roy. Belg. 1920, 399 ; 1936, 
22, 122 ; Vavon and Mathieu, Compt. rend. 
1938, 206, 1387); it is generally desirable to 
work in the presence of alkali to absorb the 
hydrogen baUde formed in the reaction (Rosen- 
mund and Zetzsche, Ber. 1918, 51, 578 ,- Paal 
and Miiller-Lobeck, ibid. 1931, 64 [B], 2142). 

Rosemund and his co-workers (ibid. 1918, 51, 
585, 594; 1921, 54 [B], 425, 638, 1092, 2888; 

1922, 55 [B], 609, 2357; 1923, 56 [B], 1481) 
have worked out an excellent hydrogenation 
process for the preparation of aldehydes from 
acid chlorides : 

+H2 

R.COCl RCHO 

-HCI 

The catalyst used is palladised barium sulphate 
and it is advantageous to add a partial poison 
such as quinoline or “ sulphurised ” quinoline, 
in order to prevent further hydrogenation of the 
aldehyde. Zetzsche and his co-workers (Helv. 
Chim. Acta, 1926, 9, 173, 177) have made a very 
thorough study of the experimental conditions 
for this reaction. 

Bibliography. — Ellis, “ Hydrogenation of Or- 
ganic Substances,” 3rd ed., Routledgc, London, 
1931 ; Green, ” Industrial Catalysis,” Benn, 
London, 1928 ; Hilditch and Hall, “ Catalytic 
Processes in Applied Chemistry,” Chapman and 
Hall, London, 1937 ; Maxted, “ Catalysis and 
its Industrial Applications,” Churchill, London, 
1933 ; Sabatier (tfansl. Reid), “ Catalysis in 
Organic ‘Chemistry,” Library Press, London, 

1923. 

H. N. R.' 

HYDROGENATION ANALYSIS (De- 
structive Hydrogenation). This method was 
introduced by H. ter Meulen ^ in 1922, and 
since that date there have been numerous publi- 
cations by its author and also from Belgian, 
French, German and American laboratories. 
In outline the method consists in heating the sub- 
stance in a current of hydrogen and passing the 
mixed gases over a catalyst. Oxygen, nitrogen, 
halogens or sulphm: respectively are estimated 
by absorbing H20,NH3,HCI,HBr,Hl or HgS 
from the gaseous products, in reagents which are 
afterwards weighed or titrated. 3' 6 The method f 


j is in general inconvenient for the simultaneous 
I determination of two or more elements. 
Mercury,^’ arsenic,*' cadmium and zinc 
have been determined in organic compounds of 
these elements by weighing the metallic deposits 
obtained by destructive distillation in hydrogen. 
This process has not been studied so. closely as 
the foregoing methods. ^ 

Special interest attaches to the direct esti- 
mation of oxygen in organic analysis (Vol. II, 
6225). The lack of, a method as part of the 
routine has even led to some erroneous formula- 
tions *3 and has been discussed by J. Lindner.*®'** 
The method has been adapted to the semi-micro 
and the micro scale, 4;he latter especially by 
A. Lacourt.*® A microtitration method for 
oxygen has been developed independently by 
Lacourt and by Lindner and Wirth.®'^ 

Estimation of Oxygen, gravimelrically (v. 
Vol. - II, 6225) N,CI,S absent. Since the 
oxygen in an organic compound can be com- 
pletely converted to water by heating in an 
excess of hydrogen, and the water absorbed in a 
drying agent and weighed, the method out- 
wardly resembles an ordinary C,H combustion 
and many precautions of the latter operation 
may be imitated when oxygen is determined both 
on the macro and especially on the micro 
scale.*®' **' *®' *®' **' ®® All authors take great 
care to purify and dry the hydrogen ; opinions 
differ 'as to whether the source is preferably a 
cylinder,®®' *® a Kipp * or a gas-holder.®* A 
precision adjusting valve is recommended for 
cylinder hydrogen.*'* The following three wash 
bottles contain respectively acid permanganate, 
alkaline permanganate and silver sulphate. 
There is some latitude of choice in the selection 
of the next apparatus : regulator and flow 
meter,*' *®' ®*' ®*' ®®' preliminary drying 
tube,®* hard glass or quartz tube for copper 
gauze or platinised asbestos, cooling spiral im- 
mersed in water,®* bubble coimter*' *®' ** con- 
taining 50% KOH or cone. HgSO,, drying 
tubes of calcium chloride,®®' *® magnesium per- 
chlorate *® (“ Anhydrone ”),®* magnesium per- 
chlorate .and P 2 O 5 ; soda-asbestos ®* (“ As- 
carite ”) and soda-lime in a large U-tube, one 
arm of which contains anhydrous CaSO^ 
('‘ Drierite ; NaOH pellets followed by 
CaSO^.®® The final drying ®® is with PgOg. A 
Mariotte flask is frequently connected last of 
all, as a regulating aspirator when the weighed 
absorption tubes put on too much back- 
pressure. This attachment may render un- 
necessary the Friedrich’s pressure regulator. 
The apparatus of Vol. II, 622, Fig. 7, has been 
improved. The hydrogen is admitted through a 
side tube. Asbestos is not used as a support 
for the catalyst or for plugs. Silver wool makes 
satisfactory plugs.®® 

The connections for dry hydrogen are pre- 
ferably ground glass, and covered with Kronig’s 
cement,®*' ®® but Hennig *® is content with 
Pregl rubber connections.*® Such precautions 
are advisable in the micro method but were not 
adopted in the earlier macro apparatus of ter 
Meulen,*’ ® Gauthier ® and Lacourt.* "When not • 
in use the tube is kept filled with hydrogen 
under a slight inessure. Precautions against 
hydrogen-air explosions are taken by filling 
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the tube with carbon dioxide before admitting 
hydrogen. The dry gas should enter the com- 
bustion tube through a side tube.®” The boat 
containing the substance can then- be inserted 
into the tube -m'thout disturbing the hydrogen 
inlet, while the direction of the gas is reversed 
by closing the outlet with a ground cap,^®* 
meanwhile increasing the flow of gas to exclude 
air from the tube.® Altering the manipulations 
affects the blank value of the tube.®'* 

The substance to be analysed is weighed into 
a nickel or platinum boat and mixed with an 
excess of reduced nickel, or of activated nickel 
if halogens are absent. Even in the original 
form of the apparatus designed by ter Sleulen ® 
the tube contains two catalysts of different 
function. That nearest the boat is a decomposi- 
tion or cracking catalyst maintained at a 
high temperature, 750-1,100°, in different 
forms of the apparatus. The second or metha- 
nation catalyst, which consists of a preparation 
of finely divided reduced nickel, is heated to 
about 350°, here CO and CO2 react xvith Hj 
to yield CH4 and HgO. With pure nickel the 
conversion is not quite complete, some COg 
escapes reduction and must be estimated in the 
usual way in a soda -lime tube, and the amount 
of oxj’-gen it contains added to that calculated 
from the gain in weight of the CaClg tube. The 
factor O2/2H2O is unfavourable compared mth 
those of combustions for C and H. The rate 
of liberation of traces of water from the tube 
or catalysts must be ascertained in blank 
experiments. In the following summary of the 
catalysts used in the determination of oxygen, 
the methanation catalyst is in brackets ; reduced 
nickel is termed nickel : asbestos (nickel) ® ; 
nickel wire (nickel-asbestos) ® ; nickel wire 
(nickel) ®® ; pumice (nickel-pumice) ; nickel 
■nire (nickeld-10% thoria) ®’ ®" ; nickel 
gauze (nickel-f-2% thoria) ®®’ ®* ; nickel chromite 
(nickel chromite) ®®> ** ; platinised pumice 
(mckel-j-10% thoria)®*®; platinised quartz 
(m'ckel-fl0% thoria)®®; extracted or “ des- 
oxide ” nickel chromite (d6soxide nickel chro- 
mite).®^ Several authors ®* ’* ®®’ ®® state that 
asbestos should not be used since it is very 
slowly dehydrated. 

Halogens interfere, the hydracids formed 
reacting with activated nickel ® and vith nickel 
chromite forming the equivalent weight of 
water which is absorbed in the drying agent and 
increases the oxygen figure. Oxygen in com- 
pounds containing halogen is correctly deter- 
mined if the ordinary reduced nickel catalj*st 
is used in larger quantity than usual and in 
two portions, and the small amount of halogen 
hydride which still escapes is trapped in silver 
stilphate solution. This is contained in one arm 
of a U-tube, the other arm being filled with 
calcium chloride; a second CaCL tube and a 
soda-lime tube are also weighed. The halogen 
as silver salt is estimated and the oxygen figure 
obtained from total HoO and COg is corrected 
for the oxA'gen equivalent to the halogen 
titrated.® 

Nitrogen would mterfcrc since the ammonia 
formed would be absorbed in the CaCL tulK* 
and weighed as water. The error is avoided by 
absorbing the ammonia in standard acid con- 


tained in the lower part of a U-tube, of which 
the further arm is charged with CaCk.® The 
ammonia is titrated, and the total o.vygen fifoire 
corrected by subtracting the oxwgen'equivnkat 
to the NHg. If pellets of NaOH are used to 
absorb avater,®® the ammonia escapes un- 
weighed. Alternatively nickel chromite if u=cd 
as catalyst ®® does not form N H,. 

Gauthier ® who emplojmd pure pumice for a 
cracking catalyst and nickel-pumice for hydro- 
genation obtained satisfactory O figures for 
i.a. tartaric acid which latter was an unsolved 
difficulty to Goodloe and Frazer.®® They state 
that an analysis required about 90 minutes 
with a weigh-out of 45-135 mg. For picric acid 
90 c.c. Hg per minute were passed, for less 
difficult substances 30 c.c. Their catalyst was 
prepared from precipitated ammonium nickel 
chromate.®® 

H. ter Meulen ® successfully determined 
oxygen in triphenylmethyl peroxide and 
cholesterol. The substances were mixed with 
activated nickel in the boat and the vapours 
cracked by passage over two 5 g. nickel ■nire 
spirals ® before entering the activated nicM 
^catalyst * at 350°. This catalyst is prepared by 
mixing thorium nitrate solution with black 
nickel oxide in proportions to give lONiriThO.. 
The mixture is dried, powdered and reduced in a 
current of dry Hg at 350° until ammonia or more 
than traces of water are no longer evolved.®* 
RusseU and Frdton ®® reduced their nickel cata- 
lyst containing 2% thoria for 2-3 days, the blank 
value of the tube was then 1 mg. HgO per hour. 
The cracking catalyst was platinised quartz. 
The weigh-out was about 0*2 g. and the time 
1 hour. Russell and Mark’s,®® and Mark’s®® 
methods and results -u’ere similar. 

Lacourt used an activated Ni catalyst 
heated by an aluminium block ® bored to hold 
the tube. A constant temperature between 350’ 
and 400° is necessary, since more HoO is evolved 
from the catalyst if the temperature is raised. 
In Kimer’s ®* micro method a quartz tube 65 cm. 
long contained as cracking catalyst a 17 cm. 
Ni gauze roll, and 14 cm. of 
catalyst ®® reduced for 7 days at 400°. The 
small errors due to inserting the boat, etc., were 
determined, but an empirical factor obtained 
by analysing a pure substance was preferred. 
Substances with low percentages of o.vygen, 
cholesterol 4*25 (4-14), gave excellent results, 
but the O found in sucrose was too low. 
Hennig worked with 3-5 mg. substance. 
For details, see also Hennig and IVeygand gns 
regulator ■*' and absorption tubes.*® 

Untcrzaucher and Biirger ®® (fig. 1) weigh ou 
3-6 mg. substance which is vaporised in a cur- 
rent of dry hydrogen, during the decoinposition 
100 c.c. passing through the tube in 10 minntc'- 
The cracking catalyst is platinised quartz at 
1,000°, this is followed by nickel gauze and 
activated nickel on quartz, at 300°. T lie absorp- 
tion tube contains freshly' ignited CaO, 
does not absorb NHj. .Seven hours are aliowc 
for reduction of the catalyst, the tube is then 
readv for the blank exjfcrimcnt. The quariz 
tube'is 60 cm. long and 0*7 cm. internal diani*:tcr, 
it contains a silver wool plug, the boat, 16 cm. 
cracking catalyst, 8 cm. granular CnO, 3 cm 
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nickel spiral, 18 cm. hydrogenation catalyst; 
the layers are separated by Ag plugs. Elaschen- 
trager absorption tubes are used. After a few 
analyses the deposits of carbon on the catalyst 
must be burnt off in a current of dry “ respira- 
tion air.” Among the results were : nitro- 
guanidine 30-49, 30-75, 30-89 (30-76) and sucrose 
51-18 (51-44). 

Microtitrimelric Estimation of Oxygen , — ^In 
1937 there were two independent publications 
of microvolumetric methods for this purpose, 
by iVIUe. A. Lacourt and by Lindner and 
Wirth.®^ Both depend on the reaction of 
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water (liberated as in the'earlier processes) with 
an acyl chloride, and titration of the HCl 
formed. In Lacourt’s process the gases emerging 
from the tube pass through 1 c.c. of cinnamoyl 
chloride (b.p. 130°/12 mm.) contained in a 
spiral bubbler kept at 65-70° by immersion 
in a bath of half-melted stearic acid. The HCI 
formed is absorbed in slightly alkahne water 
and titrated in stages in a U-tube fitted with a 
microburette containing 0-05Y-NaOH. The 
blank value should not exceed 0-001 c.c. per 
minute during an hour’s run, when the flow 
of Ha is 20 c.c. The time required is about 



a. a, PaOj-pumice. b, Friedrich pressure regulator. 

0 , Tap, d. Copper spiral (600'’0.). 

e,f, h. Ground glass joints. 


6-7 minutes per mg. of substance. 20 analyses 
of succinic acid gave 0% between 54-20 and 
54-40 (54-24). The catalyst is nickel chromite 
which gives straightforward results with 
C,H,0,N,S compounds. In presence ofhalogen, 
the gases are passed over a boat containing red- 
hot lime which retains the halogen while 
liberating the equivalent of HgO, which is 
estimated together with the HjO from the 
oxygen present. 

Lindner and Wirth describe a two-stage 
process in which the water is first absorbed in a 
layer of hme at 150° while ammonia (if N is 
present) passes on ; secondly,- the hme is ignited 


to drive off the water which reaches a specially 
designed reaction vessel containing a-naph- 
thyloxychlorophosphine kept at 110°. The 
HCI liberated is absorbed and titrated as 
described in Lacourt’s process. For missing 
details references are given to Lindner’s 
book.^^ Specimen analyses : sucrose 4-381 mg., 
O 51-10% (-0-33), p-nitraniUne, O 23-15% 
(-0-03). 

For a different method, see references 54 and 
56. 

Estimation of Arsenic, Mercury, Cad- 
mium and Zinc, — ^Arsenic in organic compounds 
is liberated when the sample is heated in a 



Fig. 2. 


current of hydrogen, and is collected and•^veighed 
by means of the apparatus sho-svn in Fig. 2. 

A is a transparent quartz tube (45 cm. long) 
ground into the smaller quartz tube B, a is the 
porcelain boat containing the substance, be is a 
filling of pure asbestos, e is a short roll of plati- 
num foil and / a plug of ignited long-fibre 
asbestos. A small screen of asbestos card d 
(figured on the 'right of the tube) prevents the 
bulb from being too strongly heated. The red- 
,hot platinum absorbs any traces of arsenic that 
may escape condensation in the bulb, but gives 
it up again when heated in air. An estimation 


is carried out as follows : a weU-glazed porcelain 
boat containing 0-05 to 0-1 g. of substance is 
placed in the tube through which a current of 
pure ‘dry hydrogen is passed at the rate of two 
bubbles per second. After aU the air is dis- 
placed, the asbestos be is heated to redness in a 
small furnace, while the platinum roll e is heated 
by a small Bunsen to dull redness. The boat a 
is heated -with the precautions usual in a com- 
bustion analysis for C and H. After about half 
an hour the deposit of arsenic may be carefully 
driven ov^er into the weighed tube B. Any 
organic sublimate in B is washed out with fight 
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petroleum before weighing. Among the arseni- 
cals which gave good results by this method 
were “ Stovarsol ” and cacodylic acid.°’ 

Mercury . — ^The apparatus is very similar to 
that used for arsenic, except that a weighed 
U-tube cooled in a water bath acts as the receiver. 
If the substance contains any halogen element it 
is mixed with sodium sulpldde, and the boat is 
enclosed in a cylinder of filter paper to protect 
the quartz tube. 

Cadmium .^^ — ^The substance is mixed with 
calcium carbonate if sulphur or halogens are 
present, and the cadmium is distilled over into 
a weighed tube. 

Zinc compounds when treated in the same 
way yield a deposit of metal mixed with oxide, 
which is dissolved in nitric acid, the solution 
evaporated and the residue ignited and weighed. 

Note . — The asbestos layer, which acts as a 
decomposition catalyst, is heated by a Fletcher 
gas furnace, or electrically. Ter Jleulen and 
Lacourt however recommend for this purpose 
Van den Berg’s furnace simply constructed by 
boring a diatomite brick with holes for the tube 
and for three Bunsen burners.®’ 2®’ 

Estimation of Sulphur.^* ® — ^A quartz 
tube 40 cm. long contains a boat hold- 
ing 20-50 mg. of the sample followed by a 
20 cm. layer, of platinised asbestos.^* ® 
The air in the tube is displaced by COg before 
admitting a current of hydrogen which has 
passed through acid permanganate, alkaline 
permanganate and silver sulphate solutions but 
need not be dried. Substances which char 
considerably must be mixed in the boat with 
0-5 g. platinum black.®® The absorbent for 
the HgS evolved is a 10% solution of zinc sul- 
phate to which an equal volume of 10% sodium 
acetate and a drop of acetic acid have been 
added. This is contained in a U-tube with one 
wide arm. The analysis is finished by adding an 
excess of standard iodine and a few c.c. of 
dilute HCI to the cool absorbent and titrating 
vdth NUgSgOg (Vol. II, 666). Gauthier® used 
platinised pumice in a hard glass tube for his 
accurate analj’ses of sulphonal, thiourea, etc. 
AUvali sulphonates were heated as usual, allowed 
to cool, a little HCI added to the residue in the 
boat and the process repeated. Similarly a 
second heating with addition of 10 mg. borax 
was necessarj’ for metallic organic compounds 
(20 mg. taken) and for coal (50 mg.). Sulphates 
are mixed Avith H3BO3 before reduction.®^ 
For difficult substances, e.g. thianthrene, ter 
Sleulen ®’ ® replaced the usual catalj’st by two 
separate spirals of platinum foil ; see also 
Lacourt.^ In Gel’man’s micro method for sul- 
phur the vapours from 3-5 mg. of the sub- 
stance pass AA'ith the hydrogen OA’er Pt gauze; 
c/. Lacourt.^® 

Nickel catalysts absorb S and can not be 
used here. Pure asbestos at a high tempera- 
ture, instead of Pt-asbestos or Pt-pumice, has 
been tried. The substance may be heated by 
an A1 block, bored to hold the tube, wliile the 
catalyst is conveniently heated in an den 
Berg’s furnace. Small quantities of sulphur are 
estimated colorimetrically.® 

Estimation of Halogens.-® — A current of 
hydrogen saturated with ammonia is pa-s^cd 


over 50 mg. of the sample which is caiitiomiT 
heated in an otherwise empty quartz tube heated 
to redness beyond the boat. A sublimate of an- 
monium halide forms in the 40 cm. cold pan k 
the tube.®® When decomposition of the sijb- 
stance is complete (cct. 50 min.) the tube 
washed out with water, the solution acidiSri 
with acetic acid, boiled for a few minutes (to 
expel any H gS or H C N present) and the halogen 
finally estimated gravimetrically (Br, l)"o: 
volumetricaUy (Cl). 4.7 Jq impron-d 

method 43. ss gases pass through a spiral 
of nickel foil or wire and finally over a Imt 
containing BaCOg, both spiral and boat are 
heated to redness. The intermediate length 
of the tube is not heated. Halogen as barium 
and ammonium salt is estimated as usual. 
Residts differed from those calculated by the 
following amounts : hexachloroethane, -0 1% 
Cl; dibromoanthracene, -fO-1% Br; iodoform, 
—0-2% I. Gauthier® and Lacourt^ were 
equally successful. 

The micro method for halogens worked out by 
Lacourt 4®> 27 depends on the properties of a 
nickel chromite catalyst ®2’ ®®’ after prolonged 
treatment with aqueous and gaseous HCI until 
free from oxide. The substance, 2-5 mg., is 
heated in a current of pure Hg, the vapouni 
pass over 2 boats of the catalyst, for cracking 
and for hydrogenation at 450° respectively. 
The hydrogen halide formed is titrated after 
being absorbed in water in a U-tube (r. Sulphur) 
kept just alkaline to Methyl Red by addition-- 
of 0-02A-aIkali from a microburette.®® 
the results were : carbon tetrachloride, 2'lo3 
mg., found 92-25% Cl (92-22), time 5 minute- 
Pentabromotoluene, 2-751- mg., found 8-i-C-,o 
Br (84-55), 16 minutes. lodocamphor, 4-95t mg-, 
found 45-67% I (45-65), 12 minutes. A new 
tube is in condition when the escaping hydrogen 
has no effect on the indicator.®® , 

Estimation of Nitrogen.®- 4 - The su ■ 
stance, 10 mg.,®’ ®® is mixed with 0-1 g- , , 
nickel and heated by an A1 block,® __ 
cm., bored to hold the hard glass tube; ano .* 
block, 12x4x4 cm., serves to heat the f®®® V. 
(Ni-M0% ThOg on asbestos) to 350% or o ^ 
for hydrazides. A current of punned nj y _ = 
(r. “ Estimation of Sulphur,” supra) carnca - 
NHg formed through a little Avater containetu. 
the U-tube already described. This va c _ 
kept faintly acid to Methyl Orange by a 
0-lA®-HCI from a microburette (fig- j 

Wey’gand recommends asbestos j 

ovens ® for heating the tube, nickel .y. 
from the formate in the tube and 
H Cl for titrating. A cork connection is avo, - 
by'draAving out and bending pflo’-l 

the tube. If the sample contains S, Cl, d • ' 

2 cm. of soda-lime is placed before ^ 
catalyst.14. s® The preparation of the 
catah'st has been described - V?’, 

Several Avorkers have compared ‘ 
method AA-ith ter 3Ieulen’.s the latter 
.preferable except when 5®®^^ nmnw-r 
analA-.=r-s must be made daily'.® ’ 

Heertjes 2® analA'.=ed lO rng. ..J tV, 

nitro aromatic l>o<Iics by inixinc 10 mg- 
of actiA'atcd Ni in the boat, 
by adding a fcAV drops of acetone, ‘-n 
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J. N. G. 

HYDROGENATION OF COAL. Coal, 
compared with oil, is deficient in disposable 
hydrogen, that is, hydrogen surplus to that 
required for combination with, oxygen, nitrogen 
and sulphur. It follows that one essential of a 
complete transformation of bituminous coal to 
petrol, if such were possible, is to increase the 
hydrogen content by about 170%, or in the case 
of lignite, by 140%. These figures must, of 
course, be modified considerably in either direc- 
tion with the different varieties of bituminous 
coals and lignites. 

Historical Survey. — The original conception 
of the hydrogenation of coal to give oil was due 
to Dr. Friedrich Bergius. His experiments 
started before the war (1914-18) and ended with 
a small semi-technical plant at Rheinau, near 
Mannheim, which was in operation until 1927. 
After the war, the I.G. Farbenindustrie started 
work independently and brought to bear on the 
problem their knowledge of high pressure 
technique and of catalysts. They made two 
Important advances — the discover}’' of catalysts 
immune to sulphur poisoning and the division 
of the hydrogenation process into liquid and 
vapour phase stages. 

Developments in Germany then passed wholly 
into their hands and they built the fimt 
commercial hydrogenation plant at Leuna m 
1927. This was designed to produce 100,000 
tons per year of petrol from bro'wn coal, 
but at first it was operated mostly on low- 
temperature tar made from brown coal and on 
German crude petroleum. Experimental work 
was also done ■with bituminous coal. The 
applicability of the process to the petroleum 
industry was soon recognised and a joint company 
for its exploitation was formed by the I.G. and 
the Standard Oil Co. (New Jersey). 

Meanwhile the original Bergius process had 
been considered for British conditions, ^ and 
tests on British coals were made at Rheinau. 
Research work was inaugurated at the i_uei 
Research Station of the Department of Scien- 
tific and Industrial Research in 1922, and m 
1926 au intermediate-scale continuous plant, 
on the lines of the latest Bergius development, 
was set up. An agreement -svas entered into 
between the British Government and Dr. Borgnis 
for the pooling and mutual discussion of inc 
results obtained in both laboratories, and an 
option on the patent rights for the Bntisii 
Empire was secured by the British BergiU' 
Syndicate from the ‘intenuifional Bcigin 
Company. 
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In 1927 Imperial Chemical Industries acquired 
the British Bergius Syndicate and started inde- 
pendent research on the process. It "vyas 
decided that the original Bergius method of 
operation to give a variety of products — petrol, 
tar acids, heavy oil and pitch, was not profitable, 
but that it would be attractive if it could be 
modified to produce petrol as the only Hquid 
product. 

In 1929 I.C.I. bruit at BiUingham a pilot plant 
to treat 10 tons of coal per day, and this plant 
was run rmtil the end of 1931. None of the 
practical difficulties which arose were found to 
be insuperable, and in 1930 I.C.I. aimounced 
that they could produce a 60% weight yield of 
petrol from coal, and gave estimated costs 
which showed that commercial development was 
possible only with Government assistance. 

As the process developed it was realised that 
many important patents in the hydrogenation 
field were held by the Standard-I.G. group. 
Discussions were opened, as a result of which the 
four major operators in the field — the I.G. of 
Germany, the Standard Oil Co. (New Jersey), 
the Royal-Dutch-Shell Group and I.C.I. — 
associated themselves through a pooling com- 
pany, The International Hydrogenation Patents 
Company (I.H.P.), in order to pool their patent 
rights and to efect a general exchange of 
technical information. 

In 1931 the I.G. resumed the hydrogenation of 
brovm coal on a largo scale and this now pro- 
vides a large part of the output of the hydrogena- 
tion plants in Germany. 'Meanwhile, I.C.I. 
concentrated their research on the treatment of 
bituminous coal, and by the end of 1932 had 
prepared schemes for building a large hydrogena- 
tion plant at B iUin gham, which was put in 
hand in July, 1933, when the Government 
announced their intention to guarantee the 
continuance of the preference on light oils made 
from indigenous materials for a period of years. 

The plant, with a production capacity of 
150,000 tons per year of petrol, was started up 
early in 1935, and has been in continuous 
operation hydrogenating coal and creosote oil 
up to the present time. 

Pursuing her'pohcy of home production of 
essential materials, Germany has, subsequent 
to the erection of the BiUingham plant, con- 
structed a number of bituminous coal hydro- 
genation units of similar- size. 

General -Theoretical Considerations. — ^All 
.hydrogenation processes consist essentially in 
subjecting coal to the action of hydrogen at a 
high temperature and a high pressure.- 

Three types of reaction are involved. The 
first is the transformation of impure car- 
bonaceous material to a product of substantially 
hydrocarbon composition, elements other than 
carbon and hydrogen being removed by com- 
bination with hydrogen. Oxygen thus forms 
water, nitrogen forms ammonia and sulphur 
forms hydrogen sulphide. 

The second type is the sphtting of the “ hydro- 
carbon ’’ molecules to saturated and unsaturated 
hydrocarbons of lower molecular weight. 

The third reaction consists of the saturation 
of the unsaturated hydrocarbons immediately 
they are formed. 


For satisfactory, control of the hydrogenation 
process it is essential that the second reaction 
should not be allowed to outpace reactions one 
and three. Otherwise, sphtting to hydrocarbon 
gas and polymerisation of intermediate unsatu- 
rated products to coke takes place, -with conse- 
quent loss in yield of hquid hydrocarbons. 

Because the required severity of sphtting 
conditions increases as the size of molecule to 
be spht is decreased, this balancing of the 
reactions is assisted by dividing the process 
into stages. In the first stage the .conditions 
may be such that the reduction reaction takes 
place with maximum efficiency, accompanied 
by relatively httle sphtting. This gives rise 
mainly to a heavy oil product, the approximate 
composition of which is shovm in fig. 1. In the 
second stage rather more severe sphtting con- 
ditions are employed, and hea-Ty oil is broken 
down to give as the main product a middle oil 
of final boihng-point of the order of 320°C. 
This middle oil is sufficiently volatile for it to 
be fairly easily vaporised under the temperature 





Fig. 1. 


conditions required for the final stage of split- 
ting to petrol. This enables the reaction to be 
carried out entirely in the vapour phase and in 
the presence of a high concentration of active 
sohd catalyst. 

In practice, subdivision of the process into 
two stages — liquid phase hydrogenation of coal 
to middle oil and vapour phase treatment of 
middle oil over sohd catalyst — ^has been formd 
to be essential for production of good quahty 
petrol in economic yield. The use of two hquid 
phase stages, although advantageous, is pro- 
bably not worth the additional comphcations, 
except.in very large plant. 

Liquid Phase Coal Hydrogenation. 

(a) Plant. — ^The prehminary Bergius . experi- 
ments were carried out in two-htre steel auto- 
claves arranged to rotate over a row of gas 
burners. The autoclaves were fitted -with a 
pressure gauge and a thermo-couple pocket. 

This type of apparatus uthises the batch 
principle.' Coal or coal paste is placed in the 
autoclave, which is dosed and hydrogen 
admitted to a pressure of about 100 atm. The 
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converter is then heated to a temperature of 
approximately 450'’C., the pressure rising to 
about 250 atm., and is maintained at this 
temperature for about two hours. The appa- 
ratus is then cooled, and the gas let do^vn to a 
holder for analysis. The liquid product re- 
maining in the autoclave is subjected to analysis 
to determine the extent of conversion of the coal 
and the character of the oil product. 

The apparatus has been studiously copied by 
later investigators in order to study the 
chemistry of the reaction and the effect of 
catalysts. 

The larger continuous type of apparatus used 
by Bergius and later by the Fuel Research 
Station is shown in fig. 2. Coal made into a 
paste with recj'^cle oil from the hydrogenation 
reaction is forced into the converter system by 
pump (A). From the pump the paste, which is 
kept agitated by mechanical stirrers, passes 
successively through three converters, C, D and 
E, which are surrounded by baths of molten 


lead, hydrogen of about 90% purity at the same 
time being pumped in at 200 atm. pressure by 
means of a four-stage compressor B. In this 
arrangement the first converter is used mainly 
as a heating chamber, being brought to a 
temperature just short of that necessary for 
the hydrogenation reaction at 200 atm. The 
second and third converters are maintained at 
the temperature which previous experiments 
have shown to give the best results for the 
particular type of coal under treatment. On 
completing its course through the converters, 
Avhich takes about two- hours, the hydrogenated 
product and surplus hydrogen are cooled in the 
condensers F and are then passed through a 
reducing valve G which lowers their pressure to 
60 atm. They are then allowed to separate in 
the separator H. From_H the gas is taken to a 
scrubber I, where, still at a pressure of 60 atm., 
it is scrubbed with oil for recovery of the light 
spirit. At intervals of approximately an hour 
the liquids remaining in the separator H are 



Fig. 2. — Bekgixis Hydrogenation Plant. Medidji Scale, Continuous Pbooess. 

One ton Coal ter Day. 


blown doivn to the atmospheric separator K, 
when further gas is given off which is passed to 
the gasholder. The liquid product, which con- 
sists of a mobile oU, is periodically run off to 
storage tanks, either directly or after centri- 
fuging. 

By 1938 both the I.G. and I.C.I. had inde- 
pendently shown that the process could be more 
conveniently carried out using a relatively thin 
coal paste (50% coal) hydrogenated in a simple 
vertical reaction vessel. Because of the exo- 
thermic nature of the reaction, it is unuecessaiy 
to heat the converters externally except in the 
case of very small experimental plant, and the 
passage of the hydrogen bubfcles through the 
reacting liquid provides sufficient stirring action 
to dispense with the use of mechanical stirrers. 

The arrangement of a small semi-technical 
plant based on this principle is shown in fig. 3. 
Coal paste is injected by means of one of two 
hand-operated accumulators. This consists of 
a steam jacketed steel cylinder in which is 
fitted a piston. Coal paste is introduced on the 


upper side of the piston by means of medium 
gas pressure. The filling line is then closed and 
the paste forced from the accumulator by 
apphcation of 300 atm. water or gas to the 
under side of the piston. From the accumulator 
the paste passes to a preheater cod. immersed 
in a lead bath and, just before entering the 
preheater, is joined by a stream of high-pressure 
hydrogen. From the preheater the mixed 
reactants pass, at a temperature of approxi- 
mately 420°C., to a converter consisting of a 
vertical chrome steel tube 26' high and 4 
internal diameter. Excessive heat loss from the 
converter is guarded against by a series of 
electric "windings. The products from the top 
of the converter pass to a high-pressure vessel 
maintained at about 450°C., where products 
which are liquid imder reaction conffitions are 
separated from those which are vaporised. The 
liquid contents of the hot separator are let down 
periodically to atmospheric pressure and the 
gas and vapours pass through a cooler to a cold 
high-pressure separator, which is again let down 
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periodically. Exit gas is let down to atmo- 
spheric pressure, and measured witli an ordinaiy 
rotary meter. 

The hoa^^ oil let down from the hot separator 
is centrifuged in order to remove ash and un- 
converted coal, and tho filtrate is recycled as 
pasting oil. The cold catch-pot product is 
allowed to stand and liquor separated off. It 
is then fractionated into petrol, middle oil and 
heavy oil. Part or the whole of the heavj' oil 



is recycled, depending on whothor a single or 
two-stage liquid jihaso process is being employed. 
Tho proportion of heavy oil in the newly formed 
products can bo varied bj’' control of temperature 
or reaction time in the convertors. TJiis control 
is illustrated Jby fig. 4, which shows tho effect 
of reaction time on tho products of coal hj^dro- 
genation. Tho method of operation with single 
stage and with 2-stagc liquid-pliaso hydrogena- 
tion is shown in figs. 5 and G. 
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The large scale adaptation of the vertical 
converter principle is shown in Fig. 7. Opera- 
tion is the same as in the case of the semi- 
technical unit, cxccjit that the converters have 
to be cooled by the injection of cold hydrogen, 
and that heat exchangers are fitted before the 
preheater by means of wliich the ingoing feed 
is heated by the exit product from the con- 
verter. 

{b) Catalysts. — ^No catalyst was employed in 
the original Bergius experiments. Later it was 
found advantageous to use a small quantitj'^ of 
htxmassc. 



and patented by I.O.I. for the scrubbing of the 
exit vapours from the converter with a suspen- 
sion of alkali in oil at a temperature of about 
450°C. This reduces corrosion to a negligible 
amount. 

(c) Quality of Product (from Bituminous 
Coal). — ^The petrol fraetion obtained by dis- 
tillation of the crude cold catch-pot product of 
liquid phase hydrogenation of coal or heavy oil 
can easily be refined by normal petroleum 
I refinery methods. Refined petrol cut to a 

HYDROGtN 



Fig. 7. 


In 1929 I.C.I. found that tin was the most 
promising catalyst for bituminous-coal fique- 
faction. It was first used in the form of gnds 
of tinned iron fixed inside the converters. Later, 
continuous injection with the coal paste of a 
very small amount of certam organic compounds 
of tin was found to be preferable. 

This superiority of tin compounds as catalyst 
for coal liquefaction was also demonstrated by 
• e^eriments carried out by the M Ilesear J 
B?ard and published in the Annual Report for 

htve ? deleterious effect 
liouefaction reaction. A large proportion of the 
alkaline constituents of coal 

efficient coal cleanmg, which, in any case, is 
SSsly beneficial in that it decreases t^ 
amount of material which has to be purged from 

%X?e?^hTorSf S advantageously be 
ad^ed to\he reaction in order to neutrahse any 
Jemtilng alkali. This introduces corro-n 

problems on the exit side of ,i;af.overed 
system, but in 1933 a process was discovered 


volatility of 40% at 100°C. has 
properties : 

Specific gravity at 15° 

Initial b.p 

90% vol. recovered at 

Final b.p 

Residue . . • ■ 

Loss •••■,' nnon " * 

% distillation-ploss at 

” ”, ” 140°c! ! 

Reid vapour pressure at 100°F. . 
Octane No. C.F.R. motor method 
O.F.R. aviation 

method . • • • 

Colour 

Odour . . • ' 

Sulphur, % by weight 

Doctor test 

A.S.T.M. copper strip corrosion 

Gum, Pyrex dish without air jet 
(mg./lOO mis.) . • . • • • 


the following 


0- 740-0-745' 
35°C. 

158°C. 

170°C. 

1 - 0 % 

1 - 0 % 

20 % 

40% 

75% 

9 Ibs./sq 
71-73 


in. 


-p25 Saybolt 

Marketable 

0-05 

Negative 

Negative 

2-0 
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Table I. — ^Epfect oe Catalysts ok the Hydkooekatiok oe Coal. 


Catalyst. 

percentage 
catalyst on 
coal charged. 

Product per cent, of ash-free dry coal. 

Insoluble in 
chloroform. 

Soluble in 
chloroform. 

Water. 

Gas. 

' 

2-5 

49-2 

27-6 

7-1 

10-7 

Luxmasse 

2-5 

10-0 

66-1 

5-9 

8-2 

ZnO . , . 

2-5 

10-2 

70-4 

6-6 

7-6 

SnOa . . . 

2-5 

7-7 

71-2 

7-7 

6-2 

M 0 O 3 . . 

2-5 

14-1 

59-2 

7-6 

9-3 

FejOa • • 

2-5 

27-3 

52-4 

2-0 

8-8 

TiOa . . . 

2-5 

36-9 

38-2 

7-2 

10-8 

FeaOg . . 

TiO^ . . . 

2-29\ 

0 - 21 / 

12-0 

65-7 

6-9 

0-5 

FeCgO^ . 

2-5 

18-0 

56-8 

6-2 

9-4 

VgOg . . . 

2-5 

49-8 

24-7 

6-6 

10-2 

Nickel oleate . 

2-5 

10-2 

67-6 

6-3 

8-7 

Pb(OH )3 . 

0-1 

12-2 

65-4 

.7-0 

8-8 

CeOg . 

0-1 

10-5 

62-3- 

7-9 

11-3 

SnS . . . 

0-1 

10-5 

03-1 

0-3 

— 

SnSg . 

oa 

11-6 

61-3 

7-8 

— 

Sn(OH )2 . 

2-5 

6-1 

71-9 

7-0 

5-8 


0-5 

6-0 

70-6 

7-9 

6-4 


0-1 

10-9 

63-4 

6-9 

8-5 


0-01 

10-6 

04-2 

7-1 

6-2 


0-0027 

15-1 

68-8 

7-2 

8-5 


0-00067 

38-3 

36-5 

7-0 

16-5 


Tlie middle oil fraction, which usually has a i 
distillation range of 170-320°C., contains about 
8% of tar acids, the remainder consisting of 
about 95% of aromatic hydrocarbons. With- 
out further treatment the ignition properties 
of this oil are not suitable for its use as a Diesel 
fuel. It may, however, be saturated to a 
naphthenic product by vapour phase treatment , 
at low temperature over active catalyst. The 
product is a reasonably good Diesel oU. 

The heavy oil obtained directly from coal is 
suitable for use as fuel oil without any further 
treatment. 

The products of liquid phase bituminous 
coal hydrogenation being mainly aromatic, it 
is unlikely that satisfactory lubricating oil 
fractions could be obtained by direct extraction 
or fractionation. 

Liquid Phase Hydeogenatiok oe Heavy Oil. 

When the coal hydrogenation stage is operated 
under conditions which give heavy oil. in excess 
of that required for reeycle as pasting oil, the 
surplus heavy oil is hydrogenated in a separate 
plant which is practically identical with that 
used for coal hj’^drogenation. 

Liquid product Irom the hot separator, instead 
of being cooled and let down to atmospheric 
pressure, is recycled hot and under pressure to 
the inlet of the preheater. A comparatively 
small continuous purge is made from the hot 
catch-pot to prevent undue accumulation of 
solids and heavy asphaltic material. In this 
way a high concentration of suspended catalyst 
can, if desired, be built up in the reaction vessel. 

VoL. VI. — 24 


The above method for liquid phase heavy oil 
hydrogenation has been developed to a con- 
siderable extent by the I.G., particularly in 
connection with the hydrogenation of broivn 
coal tar. Supported molybdenum compounds 
are frequently used as catalyst. 

For the hydrogenation of heavy oils free 
from asphaltic constituents the method may be 
modified by the use of fixed catalyst sbeh as is 
used for vapour phase hydrogenation. 

Temperature and throughout conditions in 
the heavy oil hydrogenation are controlled so 
that middle oil rather than petrol is the main 
product. The middle oil is further processed 
in the vapour phase hydrogenation section. 

Vapoub Phase Hydeogenatiok oe JIiddle 
Oil. 

(a) Plant. — In general, the plant used for 
vapour phase hydrogenation is very similar 
to that used in the liquid phase stage. iVIiddle 
oil is injected into the plant by means of a 
pump usually working at a pressure of about 
250 atm. It is joined by compressed hydrogen 
and passes to a preheater where it is completely 
Vaporised at a temperature of the order of 
350-400°C. The mixed vapour and hydrogen 
passes to a converter, which is packed ivitb solid 
catalyst pellets, and operates at a reaction 
temperature varying between 360° and 550°C., 
depending on the natme of the catalyst em- 
ployed. 

On the large scale the catalyst is arranged in 
beds, between which cold hydrogen can be 
admitted in order to give control of the highly 
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exothermic reaction. The vapour phase nature 
of the reaction allows the hot catch-pot to be dis- 
pensed with, and the outgoing products pass to a 
cooler after exchanging part of their heat with 
the ingoing reactants. After the cooler, con- 
densed liquid, product is collected in a high- 
pressure separator, which is let doAvn periodi- 
cally. The product, which usually contains 
about 60-70% of petrol, is distilled to give 
petrol and a residual middle^oil fraction, which 
is recycled to the reaction. 

Apart from a simple washing of product to 
remove hydrogen sulphide and ammonia, petrol 
from vapour phase operation requires no re- 
fining treatment. 

(b) Catalysts. — ^A range of catalysts satis- 
factory for the vapour phase hydrogenation of 
middle oils is kno\vn. At one end of the range 
these catalysts have a relatively high splitting 
and poor saturation activity, and these give rise 
to petrols of high aromatic content. Such 
catalysts require a comparatively iugh reaction 
temperature (about SOO’C.) and, as a result, 
gas-make tends to be fairly high. At the other 
end of the range are catalysts of very marked 
saturation activity, which operate at lower 
temperatures (about 400°C.) and give high yields 
of petrol of low aromatic content. 

Table II. 


Constituent. 


Vapour phase petrol. 
(Percentage vol. total petrol.) 


Group 

I. 


Group 

II. 


Group 

III. 


Butane .... 
isoParaffins (mainly 
single branch) 
Aromatics . 
Unsaturated hydro- 
carbons 

Naphthenes boiling 
above 110°C. . 
Straight chain paraf- 
fins .... 



18 


25 


28 


11 


14 


4 


For a more complete description of the control 
of the vapour phase hydrogenation of middle 
oils by suitable choice of catalyst, the reader 
is referred to papers by M. Pier of I.G. Farben- 
industrie, see particularly Trans. Faradav Soc 
1939, 35, 967. 

(c) Quality of Products.— Table II ^vcs 
the, composition and properties of petrols cut to 
40% volatfiity at 100°C. obtainable from coal 
middle oU by vapour phase hydrogenation over 
the three types of catalyst mentioned above. 

It will be observed that petrol from catalysts 
of Groups II and III, particularly that from 
Group HI catalyst, has a very good lead suscepti- 
bility and that its oetane number when leaded 
with 4 c.c. per gallon of lead tetraethyl is well 
up to the 87 required by the Air Ministry 
specification for aviation fuel. Recycle oil, 
ppticularly from catalysts of Group II, is a 
highly saturated naphthenic product free from 
phenols and bases, and is a reasonably good 
Diesel fuel, having the following properties : 


Sp. gr. 15/15 . 

Flash point 
Inst. Pet. Tech, 
Initial b.p.°C. 
10 % at . 

30% at . , 

60% at . . 

90% at . . 

Final b.p.“C. 

Total distillate 
Residue 
Ash . 

Asphalt 
Setting point 


0-8360 

178°F. {Sl-2'’C.) 

217-5 

222-5 

227-0 

236-0 

257-0 

283-0 

98-5% 

1-5% 

0 - 002 % 

nil 

below — 50°F. 


Total acidity equivalent to 13-5 mg. KOH/100 
g. oil. 

Inorganic alkalinity equivalent to 1’2 mg.-. 
H 2 SO 4 /IOO g. oil. 


Viscosity : 

32°F. Admiralty viscometer 5-0 secs. 
70‘’F. Redwood No. 1 . . 33-5 „ 

140°F. „ „ . . 28-3 „ . 


Octane No. un- 
leaded (C.F.R. 
motor method) . 

Octane No. with 4 
c.c. T.E.L./gaUon 
(C.F.R. motor 
method) . 


80 


68-69 


75-76 


86 


86-87 


89-90 


An important class of catalyst has recently 
been developed with splitting-saturation activity 
intermediate between the extremes cited above. 
These catalysts, in addition to aiding the usual 
splitting and sa^ration reactions, also encourage 
isomerisation of cyciohexanes to substituted 
cyciopentane derivatives and give rise to a high 
ratio of branched to straight chain paraffin 
isomers. 

The yield of petrol obtainable from a sub- 
stantially hj’^drocarbon middle oil varies between 
80 and 92% by weight, depending on the catalyst 
employ^ed. ^ 


Carbon 

Hydrogen 

Sulphur 

Calorific value 

Moore spontaneous ignition 
temperature 


85-94% 

13-46% 

0-08% 

10,897 g.-cal, 
265°C. 


The hj’^drocarbon gases produced in yaijour 
phase hydrogenation of the middle oils are 
composed largely of butane and propane, which 
can be transported as liquids and used for 
lighting, heating or .petrol substitutes {v. Gas, 
Bottle, Vol. V, 480). 

Hydkogex Ceectjlation axd Purge of 
Nitrogen and Hydrocarbon Gases. 

On the large scale, the exit gas from the cold 
Iiigh-pressure separators of the liquid and vapour 
phase hydrogenation stalls is recycled to the 
reaction bj^ means of circulators. Circulating 
hydrogen becomes impure, partly' through 
accumulation of nitrogen from the make-up 
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gas and partly through accumulation of methane, 
ethane, propane and hutane formed in the 
process. Part of these gases is removed hy 
solution in the products themselves and is 
recovered when the cold catch-pot products 
are let down to atmospheric pressure. Final 
control of the purity of the circulating gas is 
obtained by scrubbing it with oil at full process 
pressure in a separate plant specially designed 
for the purpose. 

The cold separator product and the oil used 
for washing circulating gas is usually let down 
to atmospheric pressure in a number of stages. 
In this way the least soluble of the gases, such 
as nitrogen, ethane and methane, are con- 
centrated in the purge obtained on letting down 
from 250 to say 50 atm. pressure, and can 
conveniently be used as gaseous fuel. As the 
pressure is further released, richer gas con- 
taining increasingly high concentrations of 
hutane and propane is evolved. 

These rich gases are scrubbed with oil for 
recovery of pentane and low boiling petrol 
constituents and are the source of pure butane 
and propane. 

HYDEOGEN hlANUEACTUEE. 

Hydrogen for hydrogenation is made from 
coke by first converting it to water gas, which is 
then treated with steam over a catalyst -for 
conversion of the CO to COj. Alternatively 
can be made by catalytic reaction of steam 
with the by-product hydrocarbon gas from the 
hydrogenation process. This latter process 
was worked out originally by the I.G. and the 
Standard Oil Co., which latter firm produce 
thereby all the hydrogen required for their 
hydrogenation plant. 

The make-up hydrogen for the Billingham 
hydrogenation plant is made by combination 
of the two processes, and the flow diagram of the 
hydrogen production and treatment of hydro- 
genation-plant gases at Billingham is shown 
in fig. 7. 

Efficiency of Process. — ^The yield of petrol 
from bituminous coal calculated on an ash- and 
moisture-free basis is of the order of 60% by 
weight. 

A more important figure is the overall coal 
consumption. In the case of a plant in which 
all the Hj requirement is obtained from the by- 
product hydrocarbon gases using the methane- 
steam process, it is estimated that the overall 
consumption of raw coal would vary from 
3'5-4 tons of coal per ton of petrol, the exact 
figure depending on the ash and moisture 
content of the coal and its suitability for the 
• process. This corresponds to a thermal effi- 
ciency of 40%, which compares favourably 
with 25% for generation of electric power and 
65% for gasification. 

In a plant in which the hydrogen is made via 
coke and water gas, the overall raw coal con- 
sumption is approximately 6 tons per ton of 
petrol, the higher figure being due to the lower 
efficiency of coke ovens followed by water-gas 
generators compared with catalytic manu- 
facture of hydrogen from hydrocarbon gases. 
This is partly compensated for from the financial 


point of view by the tar, benzol and gas made as 
carbonisation by-products. 

The HYDEooEifATioN OF Coal Tabs. 

Considerable research into the possibility of 
single stage hydrogenation of crude tars to 
petrol and light oils has been carried out by 
the Fuel Research Station of the Department of 
Scientific and Industrial Research at Greenwich, 
where a large semi-technical plant has been 
operated. 

Both liquid and vapour phase reactions occur 
in the same converter, which contains fixed sohd 
catalyst particles. The chief catalysts investi- 
gated have been molybdenum supported on 
charcoal or alumina and pelleted molybdenum 
sulphide. The disadvantage of the process lies 
in the slow deterioration of catalyst caused by 
the presence in the feed of asphaltic and high 
boiling constituents. Certain of the catalysts 
can, however, be revivified by periodic treat- 
ment with air, and the rate of deterioration can 
be reduced by employment of high pressures of 
the order of 400 atm. The deterioration is 
greatest with tars produced under high tempera- 
ture carbonisation conditions, and is negligible 
when distilled tar oils of reasonably low end- 
point are used as feed. 

It was concluded that, although the single 
stage process may be suitable for certain 
selected tars of low asphalt content, division of 
the process into separate liquid phase and 
vapour phase stages is necessary for treatment of 
tars in general. Since 1936, work at Greenwich 
has been concentrated on the liquid phase stage 
using fairly high concentrations of dispersed 
catalyst. Low temperature, vertical retort and 
cannel tars and also shale oil have been studied. 

This work is fully described in the Annual 
Reports of the Fuel Research Board and in a 
number of publications by the Board’s investi- 
gators. 

Tar and tar oils are being hydrogenated on a 
large scale in both Germany and England, 
using processes controlled by the I.H.P. Group. 
The exact method of operation varies in 
diflFerent plants, but the process consists essen- 
tially of separation of the tar or tar oils into a 
middle oil fraction suitable for true vapour phase 
hydrogenation and a heavy residue which is 
treated under the liquid phase conditions 
described for the hydrogenation of heavy oil 
from coal. 

Fig. 8 illustrates a satisfactory method for the 
simidtaneous hydrogenation of coal, creosote 
oil and low temperature tar which has been 
employed by the I.C.I. at Billingham. In 
order that solid and heavy asphaltic constituents 
can be purged from the system along vdth' 
similar material present in the products of coal 
hydrogenation, crude low temperature tar is 
fed to the process as coal-pasting oil. Creosote 
is distilled to give a middle oil, which is treated 
in the vapour phase section, and a heavy 
residue which joins the feed of coal heavy oil 
to the second liquid phase hydrogenation stage.' 

Petrol yields from tar and tar oils are stated 
to be 80-90% by weight, depending on the raw 
material used. 
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The quality o£ hydrogenation products from 
coal-tar and tar oils depends on the character 
of the oil and on the type of catalyst employed in 
the vapour phase hydrogenation step. Using 
highly aromatic oils, such as creosote and low 
temperature tar from bituminous coal, petrol 
obtained with a given vapour phase catalyst 



has substantially the same properties as that 
produced by coal hydrogenation. 
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•HYDROGENATION MECHANISM.— 

The addition of hydrogen to inorganic and 
especially organic substances is .a process of 
considerable technical importance ; leading 
examples are the transformation of liquid into 
solid fats, the production of ammonia and the 
Fischer-Tropsch synthesis of hydrocarbons. 
Although the addition of hydrogen may be 
effected in certain cases at high temperatures 
in the absence of a catalyst, or by means of 
hydrogen atoms produced photochemically, in 
general it is carried out through the agency of a 
catalyst. It is these catalytic reactions Avhich 
Avill be discussed here. 


Theories oe Cataiysis. 

The first observation on the effect of metals 
in inducing the reaction of hydrogen appears 
to be that of H. Da'vy (PhU. Trans. 1817, 107, 
77) who found that a heated platinum spiral 
placed in a mixture of coal gas and air con- 
tinued to glow. Somewhat later, Erman (Abb. 
K. Preuss. Akad. Wiss., 1818-19, 368) showed 
that the combination of oxygen and hydrogen 
could be induced by platinum at as low a 
temperature as 50”C. Faraday discussed the 
mode of action of the catalyst and concluded 
that it Avas intimately connected Avith the forces 
exerted by the metal on the gases — a vicAV AA'hich 
is still held. Many theories have been proposed 
to account for catalytic phenomena. One 
explanation is that an increase in the rate of 
reaction is brought about simply by the increase 
in concentration caused by condensation on the 
surface. This explanation is inadequate, not 
only on account of the extremely high con- 
centrations which AA'ould be requii'cd, but also 
because it fails to account for the Mgldy speeme 
nature of catalysts and their sensitivity to traces 
of poisons. Catalysis cannot be interpreted 
simply as the modification of an already e-xisting 
reaction mechanism, but involves the prOAision 
by the catalyst of an entirely ncAV path 
reaction in which the energies required to eiicet 
the steps are less than those required for t c 
uncatalysed reaction. 

Another explanation Avhich has been put lor- 
ward is the intermediate-compound theorj- 
According to this, reaction takes place throug i 
the formation of a compound betAvecn one 
reactant and the catalyst; the other reactant 
then attacks this compound to form the Ima 
products. The failure in many ca.«es to isolate 
these intermediates, together with the some- 
what improbable nature of the compounds tha. 
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in certain instances had to be postulated, caused I 
this theory to fall into disrepute. More recently, 
however, it has been revived with a more liberal 
interpretation of the nature of the intermediate 
compounds. These are now regarded as special 
surface compounds, not necessarily having 
an existence independent of the surface. 
For example, in the adsorption of hydrogen 
on nickel a surface nickel-hydride is postu- 
lated, in which each hydrogen atom is boimd 
to a nickel atom, and the remaining valency 
forces of the nickel atom are satisfied by its 
neighbours in and below the sm'face. 

The most,important advance in the theory of 
heterogeneous catalysis is due to Langmuir 
(J. Amer. Chem. Soe. 1916, 38, 2268) who sug- 
gested that reaction occurs in a Unimolecular 
layer of gas adsorbed on the catalyst. The 
concentration or fraction 8 cf the surface covered 
by the gas was deduced as follows. The rate of 
evaporation of gas from the surface is propor- 
tional to the fraction of the surface covered, 
while the rate of condensation is proportional 
to the product of the free surface and the 
pressure p ■ of the gas. At equilibrium these 
eonditions give : 

^2+^'lP 

At low surface concentrations, 8 is proportional 
to the pressure, while, when the surface is nearly 
saturated, 8 is independent of the pressure. 
The same general considerations, with modifi- 
cations, hold if there are two gases. Thus, on 
this theory, if the rate of the reaction under 
examination is proportional to the surface con- 
centration of a reactant, then the apparent order 
of reaction, as deduced from the dependence of 
the rate of reaction on the pressure in the gas 
phase, will vary between unity, when the gas is 
only sh'ghtly adsorbed, and zero, when the gas 
is strongly adsorbed. In this way observations 
of the order of reaction provide information as 
to the adsorption of the reactants on the 
catalyst, and this has been the main method 
used in the elucidation of reaction mechanisms 
(C. N. Hinshelwood, “ Kinetics of Chemical 
Change in Gaseous Systems,” Clarendon P., 
Oxford, 1940. V. this vol., pp. 208-217). 

The relationship between adsorption and 
catalytic activity has .been explored at consider- 
able length (G. M. Schwab, tr. by H. S. Taylor 
and R. Spence, “ Catalysis from the Standpoint 
of Chemical Kinetics,” Macmillan, 1937, 
Chap. 11). The observations of A. F. Benton 
and T. A. White (J. Amer. Chem. Soc. 1930, 52 , 
2325) on the adsorption of hydrogen on nickel led 
to the concept of “ activated adsorption ” (H. S. 
Taylor, ibid. 1931, 53 , 578). At low tempera- 
tures, adsorption is rapid and does not involve 
high energies; the adsorbed molecules are not 
dissociated and are held to the surface by Van 
der Waals forces. At high temperatures, a 
slow adsorption occurs, involving a large energy 
of activation ; this type of adsorption is known 
as activated adsorption. Taylor regards acti- 
vated adsorption as being the formation of 
chemical bonds between the catalyst and the 
adsorbed molecule (chemisorption) and in 
general involving the dissociation of the mole- 


cule (e.ff. K. Morikawa, W. S. Benedict and H. S. 
Taylor, ibid. 1936, 58 , 1445). He considers that 
activated adsorption is intimately related to 
catalysis, and in many cases controls the rate 
of the catalytie reaction. There is, however, 
evidence that the phenomena of activated 
adsorption are more complex than is implied by 
this view, and mayjnvolve, for instance, solu- 
tion in the bulk of the catalyst. On charcoal 
it appears that chemisorption may be a slow 
activated process, but, on the other hand, with 
metals it seems to be instantaneous and to 
reqture no energy of activation (J. K. Roberts, 
Proc. Roy. Soc. 1935, A, 152 , 445). The 
strength with which the chemisorbed layer is 
held suggests that the pictme of catalysis 
as a two-dimensional gas reaction is incorrect. 
E. K. Rideal (Proc. Camb. Phil. Soc. 1939, 
35 , 130) is of opinion that the essential 
feature of catalysis is the interaction between 
an absorbed molecule held by Van der Waals 
forces with the chemisorbed layer. This does 
not imply that the Langmuir-Hinshelwood 
relationships between gas pressme and order 
of reaction no longer apply, for these will still 
apply to the Van der Waals layer and even to 
the ehemisorbed layer at high temperatures. 

Observations of the Idnetics of reactions alone 
have not proved adequate to unravel the 
detailed mechanism, and more recently new 
techniques have been developed to deal with 
catalytic reactions. The reconversion of para- 
to ortho -hydrogen has been used as an indicator 
of the presence on the catalyst of atomic 
hydrogen (S, R. Craxford, Trans. Faraday Soc. 
1939, 35 , 946). Reactions involving hydrogen- 
containing molecules can be further investi- 
gated by means of deuterium (exchange re- 
actions) (A. Farkas, L. Farkas and E. K. Rideal, 
Proc. Roy. Soc. 1934, A, 146 , 630 ; K. Morikawa, 
W. S. Benedict and H. S. Taylor, l.c. and ibid. 
T795). Several new lines of investigation into 
the nature of the catalysing surface and the 
adsorption of gases on it have been opened up. 
Among these may be mentioned the use of 
electron-diffraction to examine the lattice pat- 
tern of the surface (0. Beeck, A. E. Smith and 
A. Wheeler, Proc. Roy. Soc. 1940, A, 177 , 62), 
the accommodation coeiBcient of neon on the 
surface as a means of studying the adsorbed 
film of gas (J. K. Roberts, ibid. 1932, A, 135 , 
192 ; 1935, A, 152 , 445), the measurement of 
contact potentials (D. D. Eley and E. K. 
Rideal, ibid. 1941, A, 178 , 429), and the study 
of catalyst poisons in investigating the question 
of the uniformity of the surface (E. B. Maxted 
and H. C. Evans, J.C.S. 1938, 2071). 

The Ortho-Para Hydrogen Conversion. 

Before discussing actual examples of hydro- 
genation mechanism, it will be of interest to 
consider the interaction of hydrogen with the 
catalyst in the absence of a second type of mole- 
cule. Of aU catalytic reactions the ortho-para 
conversion of hydrogen is the simplest (.A. 
Farkas, “ Orthohydrogen, Parahj’-drogen and 
Heavy HjMrogen,” Cambridge University Press, 
1935). These two forms of hydrogen differ 
only in that the 'atomic nuclei composing 
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the molecules have parallel spins in the one case 
and antiparailel spins in the other case.' The 
catalytic interconversion of these two modifi- 
cations c in caKe place by two mechanisms. One 
of these, the low temperature mechanism, does 
not involve the separation of the atoms in the 
molecule. The catalyst used in this type of 
conversion is generally charcoal, and operates 
at temperatures below about 150 °k. The con- 
version is ascribed to the existence of magnetic 
dipoles on the charcoal surface. The second 
type of ortho-para conversion, which is of greater 
interest in its bearing on catalytic hydrogena- 
tion, takes place generaUj^ on metallic catalysts 
and at higher temperatures — room temperature 
and above — ^though on specially active catalysts 
it has been detected at temperatures as low as 
77 °k. This type of conversion operates through 
the dissociation of the molecule into atoms. 
Exactly analogous to this latter reaction is the 
equilibration of light and heavy hydrogen, 
^2+D2^2HD. The differences between the 
two reactions are small and are those expected 
from the greater mass of the heavy hydrogen, j 
In the original mechanism proposed for these 
reactions (K. E. Bonhoeffer and A. Farkas, I 
Z. phj'sikal. Chem. 1931, B, 12, 231) the 
hydrogen molecules in their adsorption on the 
catalyst are dissociated into atoms. These 
atoms then recombine and evaporate as mole- 
cules, the recombination providing a chance for 
each atom to acquire a new partner. In this 
way, an equUibrium corresponding to the 
temperature of the catalyst is produced. 

The validity of this explanation was brought 
into question by the work of J. K. Roberts (Proc. 
Roy. Soc. 1935, A, 152, 445) who showed that a 
clean timgsten surface on exposure to hydrogen 
is immediately covered with a complete fflm of 
the gas, which is present on the surface as atoms, 
and furthermore that this film shows no 
detectable sign of evaporation at room tempera- 
ture. The extreme stability of the adsorbed 
hydrogen and the high energy required to bring 
about evaporation militate against the explana^ 
tion of Bonhoeffer and Earkas. 

According to an alternative explanation sug- 
gested by E. K. Rideal (Proc. Camb. Phil. Soc. 
1939, 35, 130), conversion (or equihbration) 
takes place through an interchange between an 
adsorbed hydrogen atom and a molecule 
adsorbed above the atomic layer. In the case 
of the reaction Hgd- Dg ^ 2H D the scheme is as 
follows : 

D 

\ 

D„-fH H D 

I 1 

w w w w 

D 

H D D+HD 

-> 1 I 

w W -W w 

This explanation demands a certain fraction of 
gaps in the atomic layer ; tl^ has been shown 
to exist, as the surface is bare to the extent of 
8% (J. K. Roberts, l.c. p. 464). It will be seen 


that this mechanism leaves the total amount 
of hydrogen on the surface unaltered and 
enables the reaction to proceed with much less 
energy than would be required for the evapora- 
tion of molecules. An experimental proof of 
this mechanism has now been devised (D. D. 
Eley and E. K. Rideal, Proc. Roy. Soc. 1941, A, 
178, 429). Clean tungsten films, prepared by 
evaporation, were found to bring about the 
equmbriurn H 2 -fD 2 :F^ 2 HD in a few minutes 
at 77 ‘’k. a clean film was brought in contact 
with deuterium and then thoroughly pumped 
out at room temperature. • After being cooled 
to 77 °k. it was exposed to a low .pressure of 
light hydrogen, when an interchange of light 
and heavy hydrogen was observed in a time 
similar to that required for attainment of the 
equilibration -f D2;s^2HD. This can only 
have taken place’ through such a mechanism as 
that outlined above. It follows from the 
mechanism of these reactions that the ortho- 
para conversion and the equihbration reaction 
can be used to indicate the presence or absence 
of atomic hydrogen on a catalyst. 

The Hydeogexatiox of Ethylene. 

The catalytic addition of hydrogen to sub- 
stances containing an ethylenic double bond is 
probably the most important type of hydro- 
genation. The simplest of these reactions was 
i discovered by P. Sabatier and Senderens (Compt. 

; rend. 1897, 124, 1359) who showed that in the 
i presence of nickel, ethylene could be quanti- 
tively hydrogenated to ethane. Later it was 
foimd that a number of other metals, notably 
copper, platinum, cobalt and iron, were effective 
as catalysts ; nickel, however, remains the chief 
catalyst in practice.- Although the hydro- 
genation of ethylene has been intensively 
studied since 1897, the mechanism of the process 
is still not completely explained, and it is only 
of recent years, through the discovery of 
deuterium, that the necessary means for its 
elucidation have become available. Earlier 
attempts were made to find the mechanism by 
a study of kinetics and the apph'cation of Lang- 
muir’s theory. Pease (J. Amer. Chem. Soc. 1923, 
45, 1196) foimd that on copper the rate of reac- 
tion was proportional to the hydrogen pressure, 
but decreased as the ethylene pressure increased. 
Erom this it was deduced that the hydrogen 
was weakly adsorbed, whereas the ethylene was 
so strongly adsorbed that it tended to displace 
the hydrogen from the surface. Rideal 
(J.C.S. 1922, 121, 309), using nickel, found 
that at high ethylene concentrations the hydro- 
gen displaced the ethylene. Many other in- 
vestigations have given similar resMts, and an 
show that the ethylene is very strongly adsorbed 
and the hydrogen only weakly adsorbed. 
Further progress along tMs line was not possible. 

The Exchange Reaction between Ethy- 
lene and Deuterium. — ^A new approach to the 
problem was opened up by the discovery of 
A. Farkas, L. Farkas and E. K. Rideal (Proc. 
Roy. Soc. 1934, A, 146, 630) that when ethylene 
interacted with deuterium on a nickel catayst, 
in addition to the normal hydrogenation, 

C2H4-I-D2 — ^ G2H4D2J 
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there also occurred an exchange reaction 
between the deuterium and the light hydrogen 
of the ethylene ; this may be formulated ; 

C 2 H 4 +D 2 ^C 2 H 3 D+HD. 

This exchange reaction offered a means of 
investigating the state of the ethylene adsorbed 
on the catalyst. Two mechanisms for this 
reaction are possible : 

(1) Dissociative Mechanism . — In this, it is 
supposed that oh adsorption the ethylene mole- 
cule is spht up into a hydrogen atom and a 
CgHg fragment, and the deuterium is dissociated 
into atoms. Exchange takes place through the 
addition of one of these deuterium atoms to a 
CgHg fragment, and the consequent desorption 
of a substituted ethylene molecule. 

2. Associative Mechanism . — Assuming this 
mechanism (I. Horiuti and M. Polanyi, Trans. 
Faraday Soe. 1934, 30, 1164) to operate then 
ethylene is adsorbed on the catalyst by the 
opening of the double bond and attachment of 
the molecule' to two nickel atoms. A deuterium 
atom then adds on to give a nickel-ethyl radical 
which breaks up to reform an adsorbed ethylene 
molecule and liberates a light hydrogen atom. 
This mechanism can be represented as follows : 

CoH. CH, 

I I 

Ni Ni 

CHJD 
+ D I 

^ CH, CHo— -CHD-fH 

I I ■ I. 

Ni Ni Ni 

The balance of the evidence suggests that this 
second mechanism is the correct one. The low 
temperatures at which exchange between ethy- 
lene and deuterium occurs are in contrast to the 
high temperatures required for exchange -with 
ethane, which can only proceed through a dis- 
.sociative mechanism. A direct test was made 
(G. K. T. Coim and G. H. Twigg, Proc.' Roy. Soc. 
1939, A, 171, 70) by examining the possibility of 
exchange between light ethylene (C2H4) and 
heavy ethylene (C2D4) in the absence of 
hydrogen. On the dissociative mechanism, the 
ethylenes should on adsorption be broken 
dovm into C2H3 and C2D3 fragments, and 
hydrogen and deuterium atoms ; on recom- 
bination and evaporation, exchange should 
occur with the formation of compounds of the 
type C2H3D, C2H2D2, etc. Analysis, effected 
by means of the infra-red absorption spectra of 
the ethylenes, showed no exchange. 

Further evidence in favour of the associative 
mechanism was obtained by examination of the 
exchange reactions of the higher olefins (G. H. 
Twigg, Trans. Faraday Soc. 1939, 35, 934). On 
the dissociative mechanism, one might expect 
that the hydrogen atoms not immediately 
attached to the double bond would be no more 
reactive for exchange than those of ethane. 
On the associative mechanism, however, aU the 
hydrogen atoms ought to be equally reactive. 
For- example, in the case of propone the 


associative mechanism gives the following 
picture : 

CHg— CH=CH2 ->CH3— CH— CHg 

rvli Ni 

+D 

. CHg— CH— CH2D 

I 

Ni 

-H 

5- CHj— CH— CH zD -^CH 2 =CH— CHjD 

rli r!ji 

In this way a deuterium atom can be introduced 
into the methyl group. The equivalence of the 
hydrogen atoms in a number of substituted 
ethylenes has been demonstrated. 

In a similar manner the migration of the 
double bond, which occurs in higher olefins 
when they are brought into contact with a 
catalyst in the presence of hydrogen (G. H. 
Twigg, Proc. Roy. Soc. 1941, A, 178, 106), is 
more readily explicable if one assumes the as- 
sociative mechanism for exchange. For example, 
in the case of the isomerisation of 1 -butene 
to 2-butene, the scheme of reaction is : 

CH3— CH2— CH=CH2 
1-Butene. 

=. CH3— CH2— CH— CHa 

I I 

Ni Ni 

-fH 

^ CH3— CHa— CH— CH3 

rii 

-H 

5- CH3— CH— CH— CHa 

I I 

Ni Ni 

^ CH3— CH=CH— CH3 

2-Butene. 

No double bond migration was found, in the 
absence of hydrogen. Other evidence in favour 
of the associative mechanism for exchange was 
obtained from a consideration of the energies of 
activation of the various reactions. 

This proof of the mechanism of exchange 
gave the first clue to the process of adsorption 
of ethylene on the catalyst surface. Before this 
is discussed more fully, however, there is the 
question of the adsorption of the hydrogen 
to be considered. On an active hydrogenating 
catalyst, the ortho-para-hydrogen conversion is 
very fast at room temperature. By using para- 
hydrogen in the hydrogenation of ethylene, ii 
was shown that the ethylene completely 
prevented the ortho-para conversion, although 
a rapid hydrogenation occurred. Similarly, 
when deuterium was used, the equilibration 
reaction H2-l-D2^2HD was found . to be 
inhibited up to about 140°c. These obser- 
vations confirm that the ethylene is' strongly 
adsorbed, covering most of the catalyst surface, 
and also show that there is practically no atomic 
hydrogen on the surface. The kinetics of the 
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exchange and hydrogenation reactions "n’ere 
studied sirhultaneously and found to be 
identical, the rate of reaction in both cases being 
independent of the ethylene pressure and pro- 
portional to the first power of the hydrogen or 
deuterium pressure (G. H. Tufigg and E. K. 
Rideal, ibid. 1939, A, 171, 55). It had been 
expected that since hydrogenation requires two 
atoms of hydrogen and exdiango only one atom, 
the rate of exchange would be proportional to 
the square root of the hydrogen pressure. Since 
it was not so, the slow’ step in exchange must 
involve the undiSsociated molecule. 

To explain all these results, it was assumed 
that the first step in exchange was a reaction 
involving a deuterium molecule adsorbed in 
the Van der Waals layer above the chemisorbed 


ethylene layer. This can bo 

depicted as : 


CHoD 

D„- 

1 

CHg— CHo i , 

CHg D 

I 1 i ^ 

1 1 

Ni Ni i 

Ni Ni 

I. 



To explain the state of equilibrium of the 
hydrogen-deuterium mixture during reaction, 
it is necessary to assume another step, fa.ster 
than (I) : 

CH„D 

1 “ 

CHo— CH, D . CH„ 

1 I ! ^ 1 ‘ 

Ni Ni Ni Ni 

n. 


The alternative mechanism for hydrogenation 
does not require the formation of the nickel- 
ethyl complex. The hydrogen molecule is 
presumed to add directly to the adsorbed 
ethylene wthout preliminarj' dissociation. 

A considerable body of evidence, mostly 
indirect however, points to the second hypo- 
thesis as the true one. The first piece of evi- 
dence in favour of molecular addition was put 
fonvard by G. Vavon (Bull. Soc. chim. 1927, 
[iv], 41, 1253) who pointed out that in the 
catalytic hydrogenation of conjugated double 
bonds no 1:4 addition occurred, whereas if 
hy'drogenation was effected by nascent hydrogen, 
addition of tw'O atoms of hydrogen in the 1:4 
positions was usually found. The main evidence 
for molecular addition, however, rests on the 
formation of stereochemical isomers by hydro- 
genation. A comprehensive survey of the 
literature has been made by A. and L, Earkas 
(Trans. Earaday Soc. 1937, 33, 837). Theseauthors 
show that the hypothesis of molecular addition 
holds not only for ethylenic bonds, but also for 
acetylenic triple bonds. It is assumed that if 
the hydrogen molecule adds as a whole without 
previous dissociation, then addition takes place 
in the cfs-position. The schemes of reaction 
are as follows : 

(1) AcelyUnic Bonds : 

X X H 



In tliis w'ay a fairly complete picture of the 
exchange reaction has been obtained. From the 
close resemblance in the kinetics of the hydro- 
genation and exchange reactions, including the 
fact that the energy of activation for both 
reactions decreases at high temperatures, it 
appears that the state of adsorption of the gases 
is the same in both reactions. That is, hj’dro- 
genation involves the interaction of an undis- 
sociated hydrogen molecule adsorbed by^ A^an 
der AVaals forces wdth an ethylene molecule 
chemisorbed at two points by opening the 
double bond. 

Addition of Hydrogen to the Double 
Bond and the Acetylenic Triple Bond. — 
Since exchange proceeds through the associa- 
tive mechanism, there are tw’o w’ays in which 
hydrogenation of ethylene to ethane can be 
effected. The first involves the separate addition 
of two atoms (I. Horiuti and M. Polanyi, l.c.). 
The first atom adds on to form the intermediate 
nickel-ethyl complex as in the exchange re- 
action, but instead of this breakmg down to 
re-form an adsorbed ethylene molecule, a second 
hydrogen atom may add on to it and form 
ethane, according to the following scheme : 


CHg— CHg 



CHg 

CHo H -> CH,— CH, 

I I 

Ni Ni 


By this mecham'sm the addition of a molecule 
of hydrogen to an acetjdenic compound will 
produce a czs-ethylenic derivative. If on 
the other hand the addition of hydrogen pro- 
ceeds atom by atom, then both cis- and trans- 
derivatives can be formed, and the product 
will bo the thermodymamically most stable 
mixture of the two ; in general, since irans- 
compounds are usually the more stable, the 
result of atomic addition will be the trans- 
derivative. One point has to be noticed, 
however. There is the possibility of a cis-trans- 
isomerisation taking place on the catalyst in the 
presence of hydrogen, by the mechanism dis- 
cussed above for double-bond migration and 
exchange. This would tend to cause the attain- 
ment of the thermodynamic equilibrium. Since 
exchange is known to be faster than hydro- 
genation at high temperatures, this cis-trans- 
isomerisation would be expected to be marked 
at high temp era tines. Thus, if hydrogenation 
is molecular, the products of reaction ought, m 
general, to be the cis-ethylenic derivative at 
low ' temperatures, and the iraws-derivative at 
high temperatures or when nascent hydrogen 
has been used. The observations of A. and L. 
Earkas support this. For example, tolane on 
catalytic hydrogenation forms the c/s-compouna 
fsostilbene, whereas with nascent hydrogen it 
yields stilbene ; phenylpropiolic acid is hycho- 
genated on a catalyst to isocinnamic acid, but 
with nascent hydrogen yields ciimamic acid. 


NI Ni 
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(2) Ethylenic Ponds : 
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A. and L. Farkas (J. Amer. Chem. Soc. 1938 
60, 22) have suggested that this decrease is due 
to an increase mth temperature in the con- 
centration of the dissociated fragments (CjHg in 
the case of ethylene), these fragments not being 
available for hydrogenation to ethane. If this 
is so, the energy of activation for exchange 
should shotv no decrease with increasing tem- 
perature. Twigg and Rideal (he.) have, how- 
ever, found a decrease for exchange parallel 
to that for hydrogenation. 
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In these diagrams the dotted lines indicate bonds 
below the plane of the paper, and the heavy 
lines bonds above. From this scheme it is seen 
that low temperature catalytic hydrogenation 
should yield a racemic mixture from a trans- 
compound, and a meso-compoimd from a cis- 
compound, whereas at high temperatures or 
with nascent hydrogen the most stable form 
■will be produced, which is, in general, the 
meso-compound. These predictions were con- 
firmed. For example, the catalytic hydro- 
genation of cis- and irans-dimethylstilbene 
yielded the meso- and racemic products respec- 
tively. Again, when ortho- and para-xylene are 
hydrogenated at room temperature, they yield 
mainly cis- l: 2 -dimethylc 2 /ck)hexane and cis- 
l:4-dimethylcyciohexane respectively ; but if the 
hydrogena'tion is carried out at 180°C., the trans- 
compounds are produced in both cases (A. 
Farkas, ibid, 1939, 35, 906). 

From these observations, therefore, our present 
picture of the mechanism of hydrogenation is 
obtained. The olefin is adsorbed on the 
catalyst by the opening of the double bond and 
the formation of two nickel-carbon bonds ; the 
hydrogen is adsorbed on top of this film in the 
molecular state. When the hydrogen molecule 
reacts with the nickel-carbon bond, exchange 
results (see I, p. 376a), and when it reacts with 
the carbon-carbon bond, addition takes place 
and the saturated compound is formed. 

One feature of hydrogenation which is still 
obscure is the reduction in the energy of activa- 
tion which takes place at high temperatures and 
which may produce a diminution in the rate of 
reaction “with increasing temperature. The 
most reasonable explanation of this phenomenon 
is that it is due to desorption or displacement 
of the olefin from the catalyst by hydrogen 
(H. zur Strassen, Z. physikal. Chem. 1934, 
A, 169, 81), though this does not agree -with the 
observation (Twigg and Rideal, Proc. Roy. Soc. 
1939, A, 171, 55) that the reaction 

H2-fD2^2HD 

is inhibited at temperatures above those at which 
the decrease in energy of activation sets in. 


Catalyst Stbuctueb and the 
Chemisobttion of Olefins. 

The lattice spacing of the catalyst and the 
fitting of the adsorbed reactants to the catalyst 
are of considerable importance in view of the 
specificity of catalysts and the marked effect of 
traces of promoters in increasing the rate of 
reaction. The' effect of small alterations of the 
interatomic distances on the surface has been 
pointed out by A. Sherman and H. Eyring (J. 
Amer. Chem. Soc. 1932, 54, 2661), who calculated 
the energy of activation for the adsorption oi 
hydrogen on charcoal at varying carbon- carbon 
distances. They found that ■with a carbon- 
carbon distance of 3-6a. the energy was a 
minimum, but that on either side of this distance 
the energy required rose rapidly. The im- 
portance of the way in which the reactant is 
adsorbed was stressed by A. A. Balandin 
(Z. ph 3 rsikal. Chem. 1929, B, 2, 289) who con- 
sidered that one catalyst atom could adsorb 
two atoms or radicals of the reactant, thereby 
causing these atoms or radicals to combine (the 
multiplet hypothesis). For example, certain 
oxide catalysts cause the simidtaneous dehydra- 
tion and dehydrogenation of alcohol. Balandin 
suggested that when the alcohol was adsorbed as 
sho'wn : 

CH2-^CH2 

1 I 

H X OH 

it was dehydrated to ethylene (the crosses 
represent catalyst atoms). But if it was 
adsorbed as 

CHg-CH 


the products were acetaldehyde and hydrogen. 
This concept was extended further to the 
dehydrogenation of eyefohexane. The reacting 
molecules are presumed to be adsorbed on the 
hexagonal lattice of the catalyst (fig. 1). 
The catalyst atoms 1, 2 and 3 each hold two 
carbon atoms of the eyeZohexane, while the 
atoms 4, 5 and "6 each attract a pair of hydrogen 
atoms and cause them to combine. Similarly in 
hj'drogenation the benzene molecule might be 
adsorbed in the same manner and the hydrogen 
molecules adsorbed on the atoms 4, 5 and 6 
wordd then add across the bonds a — 6, etc. 

An important contribution to the question of 
the effect of the lattice structure of the catalyst 
on its activity has been made by 0. Beeck, 
A, E- Smith and A, Wheeler (Proc. Roj. Soc, 
1940, A, 177, 62). These authors prepared 
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evaporated metal films whicli had different 
crystal planes exposed to the gas phase. The 
crystal structure of these films was investigated 
by electron diffraction. Two types of nickel 
film could he prepared, one completely oriented 
with the (110) crystal plane parallel to the 
surface on which the film was deposited, and 
the other with a random orientation. The 
activity of these films was measured by the 
hydrogenation of ethylene. It was found that 
the oriented film was 5 times as active as the 
unoriented film. Thus the (110) plane, the least 
densely packed plane, appears to be more 



Fig. 1. 


favourable for hydrogenation than either the 
(100) or the (111) plane. 

Another approach to this problem has been 
made by G. H. Twigg and E. K. Rideal (Trans. 
Faraday Soc. 1940, 36, 533) who made the 
mechanism for exchange the basis of calculations 
on the fitting of olefins to the catalyst. When 
the olefin is chemisorbed on the catalyst, the 
double bond is opened and attachment takes 
place between the two carbon atoms of the 
double bond and two nickel atoms. The first 
calculation concerned the fitting of the olefin 
molecule between the two nickel atoms (fig. 2). 



There are two nickel-nickel distances in the 
nickel crystal, the distance of closest packing, 
2-47a., and the unit cell side, 3-50a. The latter 
was found to be too great to accommodate 
the olefin molecule as postulated. In fig. 2 an 
adsorbed ethylene molecule is drawn to scale. 
The Ni-Ni distance (a) is 2-47a., the C-C 
distance (c) is 1-52a., equal to the normal single 
bond distance, and the Ni-C bond distance {b) 
is assumed to be equal to that in nickel carbonyl. 
The molecule fits very well, the angle 6 being 
distorted sh'ghtly from the tetrahedral angle 
109° 28' to 105° 4'.. This distortion can be made 
less if the C-C axis is made to lie at a small 


angle to the Ni-Ni axir. The effect of pro- 
motors on catalytic acti\ity may be due to 
small distortions of the crystal lattice causing 
a more favourable interatomic distance. The 
interatomic distance appears to be an important 
factor in determining the activity of the catalyst. 
In the chemisorption of olefins, as described 
here, the maximum possible interatomic dis- 
stance in the catalyst appears to .be about 
2-8a., which may explain why those catalysts 
active in hydrogenation have interatomic dis- 
tances of closest approach between 2-47a. arid 
2*54a. (Fe, Ni, Co, Cu) and between 2'7a. and 
2‘8a. (Pt, Pd). In the latter group the form 
of the crystal lattice is important, only those 
metals having a face-centred cubic lattice being 
active in hydrogenation. 

Another calculation was made on' the inter- 
action of neighbouring adsorbed molecules. A 
plan, dra'wn to scale, of the nickel surface with 
adsorbed olefin molecules is sho-wn in fig. 3. 
Two cases are shorvn ; A, adsorption on the (111) 
plane and B, on the (110) plane. For the 
ethylene molecule, the hydrogen atoms have 
been drawn to scale (full circles). There is 
shght interaction between neighbouring mole- 
cules on the (111) plane, though this is probably 
insufficient to prevent them covering the whole 
surface. On the (110) plane there is no inter- 
action, and thus ethylene can cover the Avhole 
surface. This is in agreement with the fact that 
ethylene inhibits the reaction H 2 - 1 -D 2 ^ 2 HD. 
The case of the methyl-substituted ethylenes is 
different, however. The methyl groups are 
drawn to scale (dotted circles, fig. 3). Here the 
interaction between neighbouring atoms is 
quite considerable even on the (110) plane, and 
these molecules should not be capable of covering 
the whole surface. That this is actually so is 
shown by the fact that the equilibration 
H 2 -fD 2 ^ 2 HD still proceeds in the presence 
of 2-methylpropene or 2-methyl-2-butene ; 
again, in the hydrogenation of butene, the rate 
of reaction is not independent of the butene 
pressure. In this way confirmation of the 
general picture of the adsorption of olefins has 
been obtained. The fitting of the molecule to 
the catalyst is probably the cause of selective 
hydrogenation in the case of complex molecules 
containing more'than one double bond. 

The Fischeb-Teopsch Synthesis. 

In the field of catalytic hydrogenation, one of 
the most important reactions is the Fischer- 
Tropsch synthesis of long chain paraffin and 
olefin hydrocarbons from carbon monoxide 
and hydrogen. The type of catalyst used, con- 
sists of iron, nickel or cobalt with a suitable 
promoter and support. Investigations into the 
mechanism of the reaction have been made 
with a catalyst which consists of cobalt, thoria 
and kieselguhr in the proportions 100:18:100 ; 
cobalt and thorium carbonate are precipitated 
on the kieselguhr and reduced in hydrogen at 
375°c. (Report of the Fuel Research Board, 
1938, 189). The general characteristics of the 
reaction are as follows (F. Fischer, Ber. 1938, 
71 [A], 56). When the s 3 aithesis gas, 1 part of 
carbon monoxide and 2 parts of hydrogen, is 
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passed over the freshly reduced catalyst at 
190°c. and atmospheric pressure, methane and 
carbon dioxide are formed. After some time 
the Fischer synthesis sets in and the products 
are oil and water. The temperature range over 
which the oil synthesis occurs is small. Below 
176°c. there is no reaction; between 175°o. 
and 225°c. oil is produced, and above 225°a. 
the main products are methane and carbon di- 
oxide. At high pressures, oxygen-containing 
substances are formed as well as the hydrocarbon 
oils. Investigations into the mechanism (S. R. 
Craxford, Trans. Faraday Soc. 1939, 35, 946) 
show that the reaction takes place through the 
formation on the catalj'^st of cohalt carbide. 
Evidence for this is that a usecl catalyst, when 
decomposed by hydrochloric acid, yielded a 
mixture of paraffins and olefins. Measurements 
of the electrical conductivity of the catalyst 
during synthesis showed that carbide was being 
formed in increasing amounts as the synthesis 
proceeded. Craxford showed that the forma- 
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tion of carbide does not occur through the. 
reaction 2Co-|-2CO Co2C-hC02 because 
this reaction is slower than either the reduction of 
carbide to methane or the Fischer-Tropsch 
synthesis; this reaction would thus not allow 
carbide to accumulate on the catalyst. The 
reaction postulated for carbide formation is the 
reduction of a surface carbonyl : 

0 

II 

C+Ha ^ C-f H 2 O 

1 ' 1 

Co Co 

Evidence for this is that the oxygen product of 
the synthesis is water and not carbon dioxide. 
This water cannot have come from the reaction 
COg-fHa ^ CO-f H 2 O as the equilibrium of 
this reaction is entirely on the carbon dioxide 
side at 200°c. 

By using para-hydrogen in the synthesis gas 
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Fig. 3. — ^Plan of Chemisoebed Ethylene and Methylethylbnes on the Nickel 

Sheface. 


instead of normal hydrogen, the ortho-para- 
hydrogen conversion could be measured simul- 
taneously with the synthesis. At 200°c. when 
synthesis to give oil was taking place, no ortho- 
para conversion was detectable. Under other 
conditions, below 160°c. when no reaction 
occurred, or during the running-in of a catalyst 
when the products were methane, carbon 
dioxide and carbide, or at 200°o. ivith hydrogen 
in great excess when only methane was formed, 
or at temperatures above 260'’c. where the 
product is entirely methane, the ortho-para 
conversion occurred freely. As has been pointed 
out, the occurrence of the ortho-para conversion 
may be taken as an indication of the presence 
of hydrogen atoms on the catalyst. Hence, it 
is concluded that when the Fischer oils are 
being produced there is little, if any, atomic 
hydrogen on the catalyst, whereas the produc- 
tion of methane is associated with the presence 
on the catalyst of atomic hydrogen. 


The water-gas reaction 

C0q-H20^C02-}-H2 

exhibits a behaviour parallel to that of the 
ortho-para conversion. At 200°c. the equili- 
brium is almost entirely on the right-hand side, 
yet during the synthesis of oil, the oxygen 
product is mainly water with only a trace of 
carbon dioxide. But under the conditions 
where the synthesis yields methane instead of 
oil, the water-gas reaction occurs and carbon 
dioxide is formed instead of water. Thus 
this reaction ‘is determined by the same con- 
ditions as determine the ortho-para-hydrogen 
conversion. 

From these observations, it is considered that 
the second step in the synthesis is the reduction 
of the carbide by molecular hydrogen leading to 
the production of CHg groups ' chemisorbed on 
the cobalt. When atomic hydrogen is present 
on the catalyst, the CHj groups are hydro- 
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genated to methane. In the absence of atomic 
h 3 ’’drogen, the groups link up ^nith each other to 
form long paraffin chains. That this linking-up 
process is more probable than a mechanism in- 
volving the addition of carbon monoxide to the 
end of a chain followed bj' jeduction, is shown 
by the fact that cobalt carbide on treatment 
with dilute acid gives rise to long-chain hydro- 
carbons. 

The mechanism whereby the CHo groups 
link up is not completely* understood. ~E. F. G. 
Herington (Trans. Faraday Soc. 1911, 37, 301) 
has calculated that the acetylene molecule can 
be adsorbed on the nickel or cobalt lattice across 
the 3-50a. distance by the transfomiation of the 
triple into a double bond. This is in contrast 
to ethylene which can only be adsorbed acro'fs 
the shorter 2-47a. distance. It is found that if 
acetylene is added to the ^mthesis gas in the 
Fischer-Tropsch reaction, it polymerises in 
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dependently, and is not incorporated in the 
Fischer oil produced. On the contrary, if 
ethylene is present in the ingoing gas, it is in- 
incorporated into the products. This gives 
grounds for tliinking that the' combination of 
the CHg groups during s 5 Tithesis occurs 
across the short spaces of the cobalt lattice. 
From spatial considerations, it can be seen that 
during thfe h'nking-up to form a large molecule, 
the individual CHg groups cannot remain 
attached to their original catatyst atoms bj’’ Van 
der Waals forces. Consequently the scheme 
of reaction shown in fig. 4 has been proposed. 
This mechanism finds support in the fact that 
the products of the Fischer-Tropscli s;pthesis 
contain a large quantity of olefins with the 
double bond in the terminal position. 

Catalyst Unxformty. 

The question of the uniformity of catalysts 
has not yet been decided satisfactorily, though 
it appears that there must be areas of different 
activity. The concept of active centres is 
largely due to H. S. Taylor (J. Physical Chem. 


1926, 30, 145) who considers these centres to be 
atoms or groups of atoms projecting above the 
plane of the catalyst and having a high activity 
by virtue of their instability. The evidence for 
and against this concept is mostly indirect. In 
its favour the fact is quoted that the heat of 
adsorption of a gas on the catalyst decreases 
with the amount adsorbed (H. S. Taylor 
Z. Elcktrochem. 1929, 35, 545), and the fact 
that poisons reduce the activity of catalysts 
many-fold while the adsorption is only slightly 
affected. Arguments from adsorption, however, 
may not be entirely conclusive since adsorption 
ean be composed of several factors, chemi- 
sorption. Van der Waals adsorption and solution 
in the mass of the catalyst, of which the first 
only is concerned in catalysis ; varying heats of 
adsorption have been explained as due to inter- 
action between neighbouring adsorbed atoms or 
molecules (K. F, Herzfeld, J. Amer. Chem. 
Soc. 1929, 51, 2608). More valid evidence, 
however, is derived from cases in which two 
simultaneous reactions are possible vfth the 
.same cataly^st and reactants. When aUjd alcohol 
vapour is passed over heated copper, it may 
either isomerise to propionaldehyde or be dehy- 
drogenated to acrolein. F. H. Constable (Proe. 
Roy. Soc. 1926, A, 113, 254) showed that the 
ratio in which the two reactions occurred was 
dependent upon the method of preparation of 
the catalyst. !Many other examples of this kind 
have been found. Against the theory of active 
centres is the observation of E, W. R. Steacie 
and E. M. Elkin (ihid. 1933, A, 142; 457) that 
there was no discontinuity in activity at the 
melting-point of zinc when this metal was used 
as a catalyst in the decomposition of methyl 
alcohol betAveen 360° and 440°c. E. B. Maxted 
and his co-Avorkers (J.C.S. 1933, 502 ; 1934, 26, 
672; 1935, 393, 1190) re-investigated the work 
of Vavon and Husson (Compt. rend. 1922, 175, 
277) on the effect of poisons on the hydrogena- 
tion of different organic substances, and found 
that the relative reduction in the rate of hydro- 
genation AA'as the same in aU cases, even when 
the absolute rates differed considerably. Thus 
the same parts of the catalyst appear to be 
concerned in the different t 3 q)es of hydrogen- 
ation. Other evidence of catalytic homogeneity 
comes from the fact that the energy of activation 
for the hydrogenation of crotonic acid is the 
same on a fresh catalyst and on one of Avhich the 
actiAritj* has been reduced by sintering or by 
poisoning. Other experiments using catalyst 
poisons point to the uniformity of the surface 
(Maxted and Evans, J.C.S. 1937, 1004; 1938, 
2071). The comparative toxicities of hydrogen 
sulphide and various alkyl thiols and sulphides 
to a platinum catalyst Avere measured. It was 
foimd that the toxicity of the sulphides was 
more than tAvice that of the thiols, and in both 
series of compoimds the toxicity increased with 
the length of the alkyl chain. The ratio of the 
toxicities of methyl sulphide and hydrogen 
sulphide Avas 9-0:1. “ If these molecules .are pre- 
sumed to he anchored to the surface by the 
sulphur atom, then by drawing a scale model 
of these molecules on the surface, it can be seen 
that while the hydrogen sidphide occupies one 
platinum atom, the methyl sulphide molecule 
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can cover nine atoms. Thus, over small areas, 
the catalyst is uniform. These experiments 
also show two types of catatyst surface, each 
in itself homogeneous. The work of Beeck, 
Smith and Wheeler (Proc. Roy. Soc, 1940, A, 
177, 62) shows in another .way that different 
types of surface can be present in the catalyst. 
The present position thus appears to be that 
while the catalyst may contain different types 
of surface, there is no evidence for isolated 
centres of high activitj'' such as those postulated 
by Taylor, and the surface must be regarded as 
made up of areas of relatively uniform activity. 

G. H. T. 

HYDROLITH. A technical name for cal- 
cium hydride, CaHo (v. Vol. II, 205d, and this 
Vol., p. 3306). Hydrolitli has commercial im- 
portance as a deducing agent in metallurgy, and 
for generation of hydrogen by interaction with 
water, 1 kg. producing about 1 cu. m. of the gas 
at ordinary temperatures and pressures. For 
technical applications, see Alexander, Met. & 
Alloys, 1937, 8, 263; 1938, 9, 45. 

HYDROLYSIS. The term hydrolysis (or 
hydrolytic dissociation) is given to a number of 
different chemical reactions, all of which consist 
in the addition of water to a complex, and the 
subsequent resolution of the product into 
simpler substances. 

Some of the best-known types of hydrolysis 
are those of metallic salts, esters, acid chlorides, 
amides, etc., or generally acyl derivatives, 
complex carbohydrates and glycosides, and 
finally, polypeptides and proteins. 

I. Hydbolysis of Salts. 

The hydrolysis of a salt by water may be 
represented by means of an equation of the type : 

KCN+H-OH ^ HCN-f KOH 

The reaction is a balanced one, and may be 
regarded as due to the incomplete neutralisation 
of the acid and base from which the salt is 
‘derived ; in terms of the ionic theory the acid in 
question. (HCN) does not yield sufficient 
hydrions to combine with the hydrox3d ions of 
an equivalent quantity of the strong base 
(KOH). When equivalent quantities of a 
strong acid and a strong base are brought to- 
gether in aqueous solution complete neutrali- 
sation takes place, and a normal salt with a 
neutral reaction towards common indicators is 
formed. (Basis of methods of aeidimetry and 
alkalimetry.) In the cases of such salts appreci- 
able hydrolysis would not be expected even in 
dilute solution. The following are the common 
t5q)es of salts which are hydrolysed bj”- water: 
(1) salts derived from feeble acids and strong 
bases ; (2) salts from strong acids and feeble 
bases; (3) salts from feeble acids and feeble 
bases. Examples of the first t3q)e are potassium 
■ cyanide (v.s.) and sodium phosphate, 

Na3P04q-H-0H ^ NajHPO^-f NaOH 
and even 

NajHPO^-f H-OH ^ NaH2P04-f NaOH 

Solutions of such salts invariably have an 
alkaline reaction towards common indicators, 
e.g. litmus, phenolphthalein. The water may 


be regarded as a feeble acid, ■which, like any 
other feeble acid, liberates a .certain amount of 
acid from the salt -with •which it is brought into 
contact. In many cases acid salts are first 
formed, e.g. sodium phosphate, sodium carbon- 
ate, but free acid and free base may be liberated. 
The alkaline reaction of the solution can be 
accounted for by the fact that the feeble acid, 
or the acid salt* formed, is ionised to a slight 
extent only, whereas •\Hth moderately dilute 
solutions the strong base is almost completelj’’ 
ionised, and thus there is a great excess of 
hydroxjd ions over hydrions. Examples of the 
second type are ferric chloride and cupric sul- 
phate, winch are derived respectively from the 
feeble bases, ferric hj’^droxide and cupric hy- 
droxide. The aqueous solutions of such salts 
invariably give an acid reaction. The hydrolysis 
may be represented by means of the equations : 

FeClg-f-H OH FeCla-OH-fHCl 

orevenFeCIg-fSH-OH ^ Fe(OH)3-f 3HCI 

and CuS 04 -f 2H-0 H ^ Cu( 0H)2-|-H2S04. 

With moderately concentrated solutions basic 
salts, e.g. FeCIg'OH are almost certainly 
formed, and it is onlj' in very dilute solution that 
the hydrolj'sis will proceed to the formation of 
the metaUic hj’^droxide, and even when this is 
formed it is not precipitated, but remains in 
solution in the form of a colloid. A group of 
salts which belongs to this type is that of the 
salts derived from the strong mineral acids, and 
feeble organic bases such as aniline, e.g. 

CeHs-NHgCI-f H-OH^CeHs-NHj-OH-i-HCI 

Aniline Aniline 

hydrochloride. hydroxide. 

^ CcHaNHa-fHaO+HCl 

Examples of the third type are ferric phos- 
phate, aluminium carbonate and sulphide and 
aniline acetate. The h3'drolysis in the first 
case is readily shp-wn 63’’ washiag finely divided 
ferric phosphate with distilled water, when it 
is found that the filtrate is always distinctly 
acid, owing to the free phosphoric acid which 
has been washed a-svay by the water, and if the 
operation is continued nearly pure ferric 
hydroxide remains on the filter. In the case 
of the two aluminium salts, the3'' are so readily 
h3'drolysed that when brought into contact 
wdth water they 5deld the corresponding metallic 
h3'droxide, and the free acids, carbonic acid and 
h3'drogen sulphide, which escape and thus 
destroy the equilibrium. 

In the case of salt formation we may regard 
the -water as capable of acting as either a feeble 
base or a feeble acid. When in contact with 
equivalents of a strong acid and a feeble base 
the -neater competes with the base for the acid, 
and hence neutralisation is not complete, or, in 
other words, hydrolysis of the salt occurs and 
the feebler the base the greater the degree of 
hydrotysis. The mechanism of salt hydrolysis 
according to the ionic theory is as follows : In 
aqueous solution the given salt, e.g. potassium 
cyanide, is ionised in the ordinar3’’ manner into 
!<■*■ and CN~ ions, but water itself is ionised to a 
slight extent, HgO ^ and as h5-dro- 

gen cyanide is a ver3' feeble acid, and therefore 
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ionised to only a very slight extent in aqueous 
solution, there is a tendency for the ions of 
the water to combiue with the C N - ions from the 
cyanide, yielding imdissociated HCN ; the result 
is that the eqinlihriuni HgO ^ OH- is 
destroyed and more molecules of water are 
ionised, but this results in further combination 
between and C N — ions, and by this means an 

excess of OH- over H+ ions is produced, and 
thus the alkaline reaction. The changes con- 
tinue until ultimately equilibrium is estabhshed 
between the KCN, CN-, K-*-, H^, OH-, HCN 
and HgO present. The degree of hydrolysis, 
i.e. the fraction of the salt hydrolysed, cannot be 
determined by direct titration of the free acid or 
free base present in solution; the addition of 
standard acid to the solution of potassium 
cyanide would immediately destroy the equili- 
brium which previously existed, and more salt | 
would be hydrolysed in order to restore the | 
equilibrium, and the point of neutrality would 
not he reached until acid sufficient to decompose 
the salt completely had been added. The 
methods commonly adopted for determining the 
degree of h3’’drolysis are {see Farmer, B. A. Report, 
1904, 240) ; (1) Determination of the concentra- 
tion of the free acid or free alkali present in the 
solution of the salt by its catalytic effect on the 
hydrolysis of an aqueous solution of ethyl acetate 
or on the inversion of a solution of cane sugar, 
and then detemaining the amoimt of pure acid 
or alhali required to produce the same effect 
(for acid, see Walker, Z. physikal. Chem. 1889, 
4, 319 ; for alkali, see Shields, ibid. 1893, 12, 
167 ; also Bnmer, ibid. 1900, 32, 133 ; Ley, 
ibid. 1899, 30, 216 ; Walker and Aston, J.C.S. 
1895, 67, 576). (2) Determination of the elec- 
trical conductivity of the solution (Walker, Z. 
physikal. Chem. 1889, 4, 333 ; Bredig, ibid. 1894, 
13, 313; Lundy, J. Chim. Phys, 1907, 5, 574; 
Denliam, J.C.S. 1908, 93, 41). The molecular 
conductivity of a hydrolysed salt of the type 
aniline hydrochloride is made, up of two quan- 
tities : (a) conductivity due to the non-hydrolysed 
salt ; (6) conductivity due to the free acid formed 
on hydrolysis — since the free base (aniline) is not 
an electrolyte. M=(l— a;)Mj-f xwhcij where M 
=molecular conductivity, a:=degree of hy- 
drolysis, ?ij=moleeular conductivity of non- 
hydrolysed salt and «nci that of the free acid 
formed. The various quantities in the equation 
with the exception of x can he determined and 
then X calculated. (3) Determination of the 
partition coefficient (Farmer, ibid. 1901, 79, 
863). In the case of the hydrolysis of aniline 
hydrochloride the concentration of the free base 
is determined by shaking the aqueous solution 
at a given temperature with a known volume 
of benzene, and finding the concentration- 
of the aniline in the benzene layer. Since 
CbICa(, is always constant (CB=concentration of 
aniline in benzene and CAq= concentration of 
aniline in water) for a given temperatme the 
concentration of free aniline in the aqueous layer 
can be calculated directly, and thus the degree 
of hydrotysis determined. The assumption is 
made that the salt present does not affect the 
partition coefficient to an appreciable extent. 
(4) Observing the change in colour produced 
by a solution of the hj'drochloride of an organic 


base in a solution of Methyl Orange of known 
concentration, and a comparison of this change 
with that produced by the addition of knoTm 
quantities of hydrochloric acid (Veley, ibid. 
1908, 93, 652, 2114, 2122; 1909, 95, 758; 
Trans. Faraday Soc. 1908, 4, 19). 

The degree of hj^drotysis of a salt may also 
be measured with the aid of the hydrogen or 
quinhydrone electrode and plotting the Pn-log. 
(concentration) curve (V. Clupr, Z. anorg. Chem. 
1931, 198, 310; Dupont, Compt, rend. 1931, 
192, 1643 ; Kolthoff and Kameda, J. Amer. 
Chem. Soc. 1931, 53, 832), or with the glass 
electrode (Cranston and Brown, J. Roy. Tech. 
Coll. 1937, 4, 46; Trans. Faraday Soc., 1937, 33, 
1455; J.C.S. 1940, 578). 

The following percentage values have been 
obtained with 1-0-0 -Im solutions {v. Cupr and 
Viktorin, A. 1931, 910). 

Zinc sulphate . . . 0-0023-0-0046 

' Cadmium sulphate . . 0-0006-0'0016 

BeryUium halides and sulphate are also 
hydrolysed (M. Prytz, Z. anorg. Chem. 1929,- 
180, 355; 1931, 197, 103). The hydrolysis is 
regarded as of the type 


2Be+++H20 Be20++-f2H-!- 

as the values of Kq in the equation : 

Ko=AH2-CBe20+-/C2Be++' 

(where Ah represents the hydrogen ion activity) 
are practically constant and have the values 
Kq X 10^ : sulphate 1-4, chloride 1’7, bromide 5-9 
and iodide 4-4. In many cases rapid hydrolytic 
reactions are accompanied by secondary slow 
reactions in which the products of the primary 
hydrolysis coalesce to form products of high 
molecular weight and the apphcation of the law 
of mass action is difficult if not impossible. 
The hydrolysis of salts of w^eak polybasic acids 
leads to isopoly acids which can exist in a narrow 
region of h5'drion concentration, whilst the 
hydrolysis of salts of weak poly-acid bases is 
characterised by tsopoly bases which can exist- 
in wide regions of hydrion concentration (K. F 
Jahr, A. 1938, I, 202). 

Most of the methods give only rough approxi- 
mations (c/. Beveridge, Proc. Roy. Soc. Edin. ^ 
1909, 29, 648). A few of the results obtained 


are as foUows : 


Salt. 


Glycine hydrodiloride 
Acetoxime „ 

Urea ,, 

Sodium cyamde 

„ acetate 
„ carbonate 
„ phenate 
Aniline hydrochloride ■ 

Zinc chloride” . 
Aluminium chloride . 

it * 

Ferric chloride . 

Lead „ 


& 

p 

o 

H 

1 % of salt 

hydrolysed in 
lO'liV solution 

“C. 


25 

19-00 

25 

36-00 

25 

90-00 

60 

81-00 

25 

1-10 

25 

0-008 

25 

3-17 

25 

3-05 

60 

2-60 

25 

1-50 

100 

0-10 

100 

6-10 

25 

0-50 

40 

10-00 

25 

0-50 


Method. 


Hydrolj’sis of ester 

7 > >> 

39 ’’ 

Inversion of sugar 
Saponification of 
ester 

)) ” 

» ” 

9i ” 

Inversion pf sugar 
Conductivity 
Inversion of sugar 

Conductivity 
Inversion of sugar 
Conductivity 
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The -whole question becomes more compli- 
cated -when the acid or base formed by hydrolysis 
is unstable and is transformed into isomeric 
pseudo-acid or pseudo-base. 

The influence of concentration on hydrolysis 
is given by Guldberg and Waage’s la-w of mass 

action. According to this ,= — ^=7- = constant, 

UaX Ob 

■where Cs represents the concentration (molar) 
of the non-hydrolysed salt, Ca that of the acid 
formed by hydrolysis, and Cb that of the base. 
If originally 1 g.-mol. of salt was dissolved in 
V htres of solution and x g.-mols. were hydrolysed, 
then 


1— a: ] X X ^ , 

1 — constant, or 

V V V 


v{\—x) 


= constant. 


It is obvious that as v increases, i.e. as the 
concentration is diminished, x, i.e. the degree 
of hydrolysis, must increase in order to keep the 
whole expression constant. 

The relationships are not quite the same 
in the case of a salt derived from a feeble base 
and a feeble acid, e.g. aniline acetate. 


CeHE-NHoOCOCHa-f HjO 

,=5: CjHgNHa-OH-l-CHa-CO-OH 

If the reaction is represented as taking place 
between the ions of the salt and the water, 
and the salt is practically completely ionised, 
and the base and acid not appreciably, then 
CcafCAn/CA'CB=constant, where Ccat=concen- 
traction of the cation and OAn= concentration 
of the anion. But Ccat=CAn=Csau. 


C2gaH/CA-CB=constant, or 



a b 

constant 

V V 


where s, a, b are the gram-mols. respectively of 
salt, acid and base in v litres of solution. But 
this expression is independent of v, and hence 
dilution does not affect the degree of hydrolysis. 

Another factor which aS'ects the degree of 
hydrolysis is the addition to the solution of 
one of the products of hydrolysis, e.g. free acid 
or free base. Thus the hydrolysis of aniline 
hydrochloride in aqueous solution can be stopped 
completely by the addition of hydrochloric acid 
or of aniline. This follows again directly from 
the equation Cs/CA-CB=constant. If Ca, i.e. the 
concentration of the acid, is increased it is neces- 
sary, in order that the whole expression may 
remain constant, that either Cb should diminish 
or Gs increase or both, and the only way in 
which this can be effected is by a diminution in 
the degree of hydrolysis. 

The velocity of salt hydrolysis has been 
determined in a few cases, e.g. ferric chloride 
(Goodwin, Z. physikal. Chem. 1896, 21, 1) ; 
potassium ruthenium chloride, KjRuCIg (Lind 
and Bhss, J.'Amer. Chem. Soc. 1909, 31, 868). 

A type of hydrolysis analogous to salt 
hydrolysis is that of the chlorides of certain 
non-metals, e.ff. PCl3-)-3H20=3HCl-)-P(0H)3. 
This reaction proceeds to completion in the 
presence of an excess of water, and, as a rule, 
the chlorides of non-metals are hydrolysed more 
readily than those of metals. Nitrogen tri- 
chloride and carbon tetrachloride are, however, 
stable in the presence of wafer and many 


metallic chlorides derived from feebly electro- 
positive metals are appreciably hydrolysed, e.g. 
FeClg, BiClg, etc. 


II. Hydrolysis of Oegakic Halides. 


A. Alkyl Halides. — ^A common method for 
the formation of alcohols is by the action of 
alkalis on alkyl halides, more particularly the 
bromides or iodides. With water alone an equili- 
brium is established RX-bHjO ^ R-OH-I-HX. 
With many alliyl halides secondary reactions 
can occur, more particularly when the alkali is 
dissolved in aqueous alcohol. With ethyl hahdes 
and higher homologues there is always the possi- 
bility of the elimination of hydrogen halide and 
the formation of an olefin. This elimination is 
favoured when solvents rich in alcohol are used 
and moderately high temperature. It is essential 
that there should be a hydrogen atom in the 
pos/fion a- to the halogen. In certain eases 
hydrogen halide can be eliminated and a cyclo- 
paraflfin formed (v. Cyclenes). An accumula- 
tion of alkyl groups at the carbon atom to which 
the halogen is attached favours the formation of 
olefin, and elimination of hydrogen halide can 
occur in a solvent like anhydrous formic acid in 
the absence of alkali : 


Br. .CHa 
gHC/" \cH3 


CHa-Cf d-HBr (3) 

\CH3 


With concentrated ethyl alcohohc solutions of 
alkali the halogen is often replaced by the 
ethoxyl, — OEt, group, and the reaction is 
termed alcoholysis (c/. p. 397b). Equivalent 
quantities of different allialis give different rates 
for the hydrolysis of ethyl chloride and follow 
the order Na 0 H>Na 2 C 03 >Ca 0 >Mg 0 
(Izmailski and Papov, J. Gen. Chem. U.S.S.R. 
1938, 8, 695). 

Considerable attention has been given to the 
mechanism of this type of hydrolysis by Hughes, 
Ingold, Shapiro and their co-workers (J.C.S. 
1935, 255; 1936, 225; 1937, 1177, 1183, 1187, 
1192; 1938, 881; cf. also Taylor, ibid. 1935, 
1514; 1937, 1962; 1938, 840, and reply to 
Taylor, ibid. 1940, 913, 920, 925, 935). 

The reaction between ethyl halides and water, 
acids or dilute alkali is one of the second order 
(Grant and Hinshelwood, ibid. 1933, 258). 

C2H5X-f H-OH ^ C2H5-OH-}-H-i--FCI- (2) 


whereas with (erl-butyl halides, CMegX, 
the reaction is one of the first order and can be 
represented as taking place in two stages 
(Hughes, ibid. 1935, 255) : 

(a) RX R'’"-f-X“ slow \ 

(b) R-t--(-H;OH-^R‘OH-i-H-t-fast/ ' 


The velocity actually measmed by estimating 
cr is that of the unimolecular reaction (a), i.e. 
the ionisation of the alkyl halide, as the second 
stage, (b), is very rapid. 

The bimolecular reaction (2) is characteristic 
of most primary alcohols, but the accumulation 
of electron-releasing alkyl groups and stfll more 
of aryl groups at the seat of substitution of an 
alkyl halide causes the suppression of the reaction 
2) and its replacement by reaction (I) involving 
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the ionisation of the alky] hali^. The electron- 
repelling carboxylateion -CO^ acts in a similar 
manner. The suppression of reaction (2) is 
practically complete %vith tertiary halides, e.g. 
terl-hntyl compounds, but -with secondary 
halides, e.g. isopropyl and j9-7J-octy] com- 
pounds, the two reactions (1) and (2) occur, and 
the coefficients of each reaction have been deter- 
mined. In the case of tsopropyl bromide re- 
action (1) occurs in aqueous, acid or very faintly 
alkaline solutions, but with 0-lx. alkali reaction 
(2) runs concurrently, as shown by the fact that 
the values of h calculated for a first-order 
reaction -fall during a run and the fall becomes 
the more marked_the greater the initial con- 
centration of OH , and calculated for a second 
order reaction rise during a run and the rise 
becomes less with each increase in OH con- 
centration. An increase in alkalinity also in- 
duces the elimination of hydrogen bromide and 
the formation of propylene. 

For the second-order reaction for ethyl and 
isopropyl bromides the values of h are roughly 
25:1 and in the first-order reaction there is a 
marked increase from isopropyl to ieri-hutyl. 
The addition of water to the alcoholic solvent 
strongly accelerates the unimolecular reaction 
(1), slightly retards bimolecular substitution (2) 
and more strongly retards elimination. A com- 
parison of the velocity coefficients of fluorides, 
chlorides, bromides and iodides of the same 
alkyl radical show's that there is a much greater 
difference between fluoride and chloride than 
between other pairs, e.g. for leri-butyl the ratios 
are: F:CI=105, CI:Br=40, Br:l=2-5, and 
the same holds good for activation energies. The 
velocity coefficients (first order) for feri-butyl 
halides are some 10^ times those for the corre- 
sponding isopropyl compounds. The proof 
that the hydrolysis of the /eri-butjd com- 
pounds is of the unimolecular type, 

RX^ R+-bX-, 

is based on the following consideration.s : 
(a) The rate constant for a given compound is the 
same in water, dilute acid or very dilute alkali. 
(5) By using a solvent -svith an ionising power 
towards alkyl halides as great as or greater than 
that of water,. e.y. anhydrous formic acid, and 
adding small amounts of water, the initial 
velocity is found to be independent of the con- 
centration of the water and the curves (time 
— CI~ concentration) arc all the same in the earl3' 
stages, but differ at later stages owing to the j 
reversibility of the reaction, (c) Bj' determining ! 
rates of both hj'drolysis (replacement of Cl bj' ! 
OH) and alcohotysis (replacement of Cl by 
O Et) in the case of iert-hutyl chloride it is j 
found that the maximum rates of the tw'o ! 
reactions have no connection with the com- 
position of the product, whereas if the reaction j 
were bimolecular the composition of the product j 
could be calculated from the two rates 
(Olson and Halford, J. Amer. Chem. Soc. 1937, 
59, 2G44). For general discussion, see Bateman. 
Church, Hughes, Jngold and Taber (J.C'.S. 
1940, 979), and for hydroh'ses in liquid sulphur 
dioxide, cf. Bateman, Huglics and Ingold (ibid., 
1011 and 1017). 

Olefin is formed with anhydrous formic acid 


as solvent, but the formation is rapidly sup- 
pressed b}’- the addition of small amounts of 
water. In both the unimolecular substitution 
reaction (1) and also in elimination reaction f3) 
the first product is the cation C(CH3)3-^ 
can then react either : 


(1) C(CH3)3+-fOH - 5 - C(CH3)3-0H 

(2) C(CH3)3+->(CH3)2C:CH3-{-H-" 


or 


For the compounds isopropyl bromide and 
i3-n-octyl bromide the following values for k 
have been obtained for the three reactions: 
(1) unimolecular substitution, (2) bimolecular 
substitution, (3) elimination. 

. , (1) (2) (3) 

tsoPropyl .... 0-908 3-56 5-01 

^-n-Octyl .... 0-519 3-58 4-40 


Based on these views of kinetic substitution of 
OH for hah’dc, Cowbray, Hughes, Ingold, 
Masterman and Scott (J.C.S. 1937, 1252) have 
drawn a number of conclusions relating to the 
Walden inversion. They conclude that bi- 
molecular substitution leads to inversion and 
unimolecular leads normally to’racemisation as 
the cation has a plane of s^'mmetry, but that 
inversion can also occur if the life of the cation 
is very short. The reactions with silver oxide 
or silver salts are similar to unimolecular sub- 
stitution. In each of the series : j3-n-octy], a- 
phenylethyl, a-substituted propionic acids, a-sub- 
stituted-a-phenyl- and a-substituted-jS-phenyl- 
propionic acids, mono-substituted succinic acids 
the halogenated, hydroxy-, metho.xy- and, in 
some cases, amino-compounds which have the 
same sign of rotation, e.g. -f, have the same 
relative configurations, with the single exception 
of (-f) a-hj'droxypropionic acid which has a con- 
figuration different from the (-{-) halogenated 
acids. 

Based on these data conclusions arc dravn 
with reference to the action of halides of phos- 
phorus, thionyd chloride and hj-drogen hah‘dc.s 
on hydroxy-compounds and the results confirm 
the views of Frankland (ibid. 1913, 103, J2o) 
rather than those of Clough (ibid. 1918, 113, 52G). 

Olivier (Rec. trav. chim. 1934, 53, 869, 981), 
from a study of the reactions of the three cliloridcs 
CgHji-CHoCI, CoH^-CHCIp and CcHg-CCIa 
and various substituted derivatives in aqueous 
acetone solutions of KOH and H2SO4, shows 
that the reactions are pseudo-unimoleciilar and 
in no case catalysed by lydrions. The hydrolysis 
of the first is cataly.«ed by’ hydroxyl ions but 
that of the second and third is not, hence in 
the preparation of benzaldehydc from benz-al 
chloride the addition of alkali is unnecc.‘'=ary% 
Tlie effect of substituents in the phenyl group 
is such that the more negative the chlorine js 
rendered the less pronounced is the effect of 
hydroxyl ions. The liy flroly.-is ofCgHj-CH.CI 
in water is slower than in nqueou« acetone, 
probablv owing to the higher dielectric conriant 
of water and hence the more negative character 
of the chlorine, also Hackel, Annalen. 1939, 
540, 274; and for effect of mercuric halides on 
hvdrolv.sis of alkvl halides in aqueous aeetc.ne. 
see Read and Ta'ylor, J.C'.S. 1939, 1872; 1949, 
679. 
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B. Halogenated Fatty Acids and their 
Salts.— Senter (J.C.S. 1907, 91, 460; 1909, 
95, 1827 ; 1912, 101, 2528) has shown that 
hydrochloric acid or neutral salts have little or no 
effect on the hj^'drolysis of the free acids by water 
and that within wide limits the rate of hydrolysis 
is directly proportional to the concentration of 
the acid. At 102° the reaction is of the first 
order in dilute solutions, but deviations are met 
with in more concentrated solutions. With alkahs 
the reaction is of the second order in dUute 
solution. The hydrolysis with water is favoured 
by the introduction of aUcyl groups into the 
molecule, whereas such groups retard the 
hydrolysis with alkalis. 

Dawson and his co-workers {ibid. 1933, 49, 
1133; 1934, 778; 1936, 1.53, 497) attribute the 
catalytic effect of acetate ions on the aqueous 
hydrolysis of sodium bromoacetate to the 
formation of an acetoxyacetate ion, 

CHs-COg-CHa-COa"', 

and in the absence of acetate ion the bromo- 
acetate ion can catalyse by forming bromo- 
acetoxyacetate ion, CH 2 Br-C 02 ‘CH 2 ‘C 02 . 
The whole process comprises two distinct 
reactions : 

(1) A reaction of the first order with excess 
water : 

CH2BrC02~-t-H0H->H0CHaC02H+Br~ 

(2) A bimolecular reaction occurring in two 
stages : 

(a) 2 CH 2 Br-C 02 " 

CHaBr-COa-CHa'COa'-f Br~ 

{by CHjBr-COo-CHa-COa'+HsO 

CHaBr COa'+OH CHa-COgH 

and 

where and are the velocities and fcj and 
are the velocity coefficients of reactions (a) and 
{b) and c is the concentration of the CHgBr-COa 
cation. 

In the presence of an added catalyst, e.g. 
acetate ion, formate ion or hydroxyl ion, the 
reaction can be represented as : 

v^v^i-v^+Vg^TcjC-i fcgCc' 

where c' is the concentration of the added 
catalyst and /cg the corresponding velocity co- 
efficient. The most active catalyst is the 
hydroxyl ion and the fact that the course of 
alkaline hydrolysis can usually be expressed 
with close approximation to a simple bimole- 
cular reactioi^is entirely due to the large value 
of l-g (for O H ) as compared with and 

With a mixture of free acid and sodium salt 
the reaction is more complex : 

=l;i[A]-H;2[A]2-fX*3[HA]-f-l,-4[HAIA] 

where [A] represents the concentration of the 
bromoacetate cation and [HA] the concentra- 
tion of the un-ionised acid. The collisions 
between pairs of bromoacetic acid molecules have 
no measurable effect. By varying the conditions 
of the reaction any one of the four component 
reactions can be made the dominant factor in i 

Von. VI.— 26 
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the observed rate of change, and under certain 
conditions the general velocity equation reduces 
to very simple terms. The reaction becomes 
more complex when appreciable hydrolysis has 
taken place as the gly collate, 0 H-CH 2 ’C 02 , 
ions exert an influence and the whole velocity 
then becomes 

v=kJiA]+k2[Af+Ic^[HA-\+klHA}[A] 

+*s[A][G]-1-A;s[HA][G] 

where [G] represents the concentration of the 
glycollate ions. The reactions between bromo- 
acetie acid and hydrions, and collisions between 
pairs of bromoacetic acid molecules, glycolHc 
acid molecules or bromoacetic acid and glycollic 
acid molecules have no measurable influence. 

The relative values of'k^ xlO® to xlO® 
are:' 0-059, 19-3, 0-041, 72, 35, 136. To render 
the results comparable all experiments were 
made with the same total salt concentration by 
the addition of sufficient sodium nitrate pr 
sodium perchlorate. 

The course of alkaline hydrolysis can be repre- 
sented by the equation : 

«=Va+«b+Vc+Vd 

=&a[A][ 0 Hl-f- bB[A][ H 20]+ ^c[ A]2 + /^d[ A][G] 

and as k^, ko and kx) are all less than 0-01 k^ it 
follows that the rate of alkaline hydrolysis is 
almost entirely dependent on k^, so long as the 
concentration_of OH is not too small. With 
very low O H concentrations the whole process 
cannot be represented as a simple bimolecular 
reaction. 

III. Hydeoly^is of Acyl Deeivatives. 

Practically all acyl derivatives are hydrolysed 
more readily than the corresponding alkyl com- 
pounds; the esters and acid anhydrides more 
readily than the ethers ; the acyl hahdes more 
readily than the alkyl halides; the amides, 
imides and anilides more readily than the stable 
amines. 

A. Hydeolysis of Estees. — ^The hydrolysis 
of an ester may be brought about by water alone, 
by solutions of neutral metallic salts, by aqueous 
solutions of strong alkalis or acids, by water in 
the presence of finely divided soh'ds, such as 
charcoal, and also by means of enzymes. 

(1) Hydrolysis with Water. — The reaction 
with water may be represented by an equation 
of the type : 

CHg-CO-OCaHs+H-OH 

CHa-CO-OH + CgHg-OH 

The reaction is the reverse of esterification, and 
is hence a balanced bimolecular reaction; in 
dilute solutions, however, the mass of the water 
may be regarded as remaining constant, and 
the reaction becomes practically non-reversible. 
Like esterification the reaction is slow and lends 
itself to study as a time reaction and also has a 
relatively high activation energy E. The course 
of the reaction can be followed by estimating 
the amount of free acid in the solution after 
given intervals of time ; this is accomphshed by 
removing an ahquot part of the solution at the 
given time and titrating the free acid by means 
of standard alkali solution. In most cases it is 
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necessary to use a feeble alkali for titration, 
e.g. ammonium bydroxide -with litmus as in- 
dicator, as nearly aU esters whicb are hydrolysed 
appreciably by water are decomposed very 
readily by strong alkabs, and it becomes im- 
possible to detect the end point of the titration 
when sodium or barium hydroxide solutions are 
used. Esters derived from comparatively strong 
acids, e.g. methyl sulphate, ethyl formate, ethyl 
trichloroacetate, ethyl pyruvate and ethyl tar- 
trate are readily hydrolysed by water at room 
temperature. In these cases the velocity of the 
reaction does not correspond Tv-ith that of a 
simple unimolecular reaction, the values for 
k calculated from the first order equation 
k=llflog[ala—x], increase as t increases, and 
the probable reason is that the acid formed 
during the hydrolysis reacts catalytically on the 
reaction {see under hydrolysis by acids). Hydro- 
lysis of natural glyceryl esters by means of j 
superheated steam is used as a commercial j 
method for the production of stearic acid for the | 
manufactmre of candles {v. this Yol., p. 45&). : 

Mechanism of Hydrolysis . — ^Two different types 
of fission of the ester molecule under the in- 
fluence of water are possible : 


ions. If both frmction then an ion common to 
both acid and alkaline hydrolysis would be 
formed : 

R'— C^OH 
^O—R 

\h+ 

The main arguments in favour of Eems and 
Lapworth’s view are: (a) An optically active 
ester containing a dissymmetric alkyl group 
gives, on hydrolysis — both acid and alkaline— 
the pure optically active alcohol (Holmberg. 
Ber. 1912, 45, 2997). If the hydrolysis followed 
scheme (2) the free alkyl radical would give a 
racemic alcohol. Ip) When the ester contains an 
unstable tmsaturated alkyl group, hydrolysis 
involving the elimination of R would bring about 
isomerisation and the alcohol formed would not 
correspond with the ester, e.g. the ester 

CHg-CO-OCHMe-CHrCHa 
yields the alcohol 

HO-CHMe-CH:CH 


( 1 ) 


( 2 ) 


R'— C 




O 


H 




•"O— R 




R' 


'\ 


O- 


-R 


i.e. the fission occurs at the -:-0 — R bond or at 

t 

the 0-|-R, and aU available evidence supports 

1 

the former view, which was first suggested by 
Ferns and Lapworth (.I.C.S. 1912, 101, 273). 

Alkaline hydrolysis is represented by the 
scheme : 


(a) R'—C^ -bOH" 
\OR 


R'— C 


\ 


O" 

OH 

OR 


R'— -fOR’ 
\OH 


(slow) 


(b) OR^-bH-OH -> H-OR-bOH (fast) 
and acid hydrolysis by the scheme : 


(a) R'— -bH+ 
^OR 


R'— /R 

No/ 

Nh- 


R'— C-^=0-bR-0H (slow') 


(6) R'— C+=0-bH-0H 

R'— -bH+ (fast) 

NqH 

The two points of attack in the ester are the 
O of the OR group, which attracts protons, and 
the C of the CO group which attracts hydroxjd 


and not the isomer : 

CHMeiCHCHgOH 

or a mixture of the two (Ingold and Ingold, 
J.C.S. 1932, 758). (c) The strongest argument 
is the fact that when hydrolysis — either acid or 
alkahne — is carried out in the presence of water 
rich in heavy oxygen ^®0, the alcohol formed 
contains no heavy ox3'gen and hence the O of 
the O R of the alcohol is derived from the ester 
and not from the water (Polanyi and Szabo, 
Trans. Faraday Soc. 1934, 30, 608 ; Datta, 
Day and Ingold, 'J.C.S. 1939, 838; Herbert and 
Blumenthal, Nature, 1939, 144, 248). 

According to Earrmann (Bull. Soc. chim. 1934, 
[v], 1, 247) the hydrolysis of the four esters: 

(1) aUyl pyruvate, (2) ethyl pyruvate, (3) ally- 
lidene acetate, (4) propylidene acetate, in water 
proceeds in two different ways: (a) a uni- 
molecular spontaneous reaction (velocity co- 
efficient k), (b) a reaction with a velocity pro- 
portional to hydrion concentration (propor- 
tionality constant b). The values for k and b 
for the four esters at 25° and expressed in gram- 
molecules, litres and hours are : (1) 0-062, 8 ; 

(2) 0-025, 10; (3)0-010,8; (4) 0-004,7. It is 
claimed that the results support Ferns and 
Lapworth’s view of ester fission. In pure water 
the rate of hydrolysis of ethyl formate is pro- 
portional to hydrion concentration and is 
retarded by addition of sodium formate. With 
ethyl acetate hydrolysis starts only after several 
days and is due to unknown impurities. 

Experiments made -with water and niixtures 
of water and deuterium oxide (Kailan and 
Ebeneder, Z. physikal Chem. 1937, 180, 15/ ; 
1938, 182, 397), at 205° and in absence of a 
catalyst show that the DjO retards the hydro- 
lysis of methyl, w-propyl and 7i-butyl acetate= 
and benzoates, but does not alter the equilibnum. 

Kendal and Harrison (Trans. Faraday hoc. 
1928, 24, 588) by an examination of freezing- 
point curves of mixtures of water with various 
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esters show that compound formation is common 
in all the systems examined, and .that the 
tendency increases with the strength of the acid 
radical of the ester, whereas the nature of the 
alcohol radical appears to he of little influence in 
this respect. 

Ror discussion on the evidence that hj^'drolysis 
is preceded by the addition of water to the O of 
the CO groups, v. Adickes, Chem.-Ztg. 1937, 61, 
167. 

(2) Acid Hydrolysis. — ^The hydrolysis of 
esters by means of dilute mineral acids is slow 
and readily lends itself to study as a time re- 
action. The velocity is directly proportional to 
the concentration of the inineral acid, i.e. 
probably to that of the hydrions which act as a 
catalyst, and the reaction may be represented 
by the differential equation 

X CjioO X 

In dilute solution (and most esters are some- 
what sparingly soluble in water) CH 20 can be 
regarded as not changing, and Cjj+ is also con- 
stant, since the catalyst is not used up dining the 
reaction. The process thus becomes a typical 
unimolecular reaction, and the velocity constant 
can be determined with the aid of the usual 
formula k—ljt log [«/(«— a;)]. 

The catalytic activity of the acid is not 
entirely due to the hj’^drions, but also to the 
un-ionised acid (c/. Estebifioation). E. Ram- 
stedt (J.C.S. 1915, 108, ii, 641) gives the following 
formula : 

v=h\i X C X X 0(1— a) 

where u=rate of hydrolysis, /qi and km are 
coefficients characteristic of the hydrion and 
un-ionised acid respectively, C is the concentra- 
tion of the acid, and a is a the degree of ionisa- 
tion. Experiments were made with ethyl 
acetate using various organic acids as catalysts, 
the degree of ionisation of the acids being deter- 
mined by measurements of electrical con- 
ductivities of the free acids and sodium salts 
over a considerable range of dilution. 

The concentration of the organic acid at 
any given time is obtained by titrating a portion 
of the solution with standard barium hydroxide 
solution and phenolphthalein (unless the ester 
is derived from a strong acid when ammonia 
and litmus are used) and subtracting from the 
total alkali used the amount required by the 
mineral acid. The following relative values 
have been obtained at 25°, with O-liV-hydro- 
chloric acid as catatyst acting upon the methyl, 
ethyl and propyl esters of acetic, propionic, 
butyric and valeric acids : 

k methyl ester : k ethyl ester=0-97 
and k ethjd ester : k propyl ester=l-01 

k acetate ester: k propionate ester=l-07 
k propionate ester ; k butyrate ester =1-75 
k butyrate ester : k valerate ester=2-93. 

Erom these values it is clear that in the hydro- 
lysis of an'ester R'-CO-OR by means of a strong 
mineral acid the acyl group R'-CO has a much 
greater influence than the aUcyl group R on 
the velocity of hydrolysis (Hemptinne, Z. 
physikal. Chem. 1894, 13, 562). Loewenherz 
(ihid. 1894, 15, 389) working at a temperature 


of 40° found that ethyl formate is hydrolysed 
much more readily than ethyl acetate (ratio 
20:1) ; that methyl and ethyl monochloroace- 
tates are hydrolysed at much the same rates, 
ratio 1'01:1 ; that the ratio ethyl acetate : 
ethyl monochloroacetate=l-7 ; that ethyl di- 
chloroacetate : ethyl monocliloroacetate=l-6; 
and that ethyl benzoate is hydrolysed extremely 
slowly. 

Palomaa (J.C.S. 1914, 106, i, 136) shows that 
with esters which contain an oxygen atom in the 
chain (whether as OH, OR, CO or O) the 
velocity of hydrolysis by mineral acids is 
reduced to a minimum when the oxygen atom 
is in the )3-position with respect to the ester 
group. On the other hand, a cyano-group 
always has a retarding effect on the hydrolysis 
of an ester by dilute hydrochloric acid, and the 
effect is more pronounced in the a- than in the 
/3-position (Amer. J. Sci. 1914, .[iv], 37, 514). 
Drushel and Dean {ibid. 1912, [iv], S^, 293) 
show that in the case of acetic acid the rate of 
hydrolysis is increased by the introduction of 
the hydroxy-group, but retarded by an alkyloxy- 
group. The introduction of hydroxy-groups 
into the butyric acid, on the other hand, had a 
retarding effect (Dean, ibid. 1914, [iv], 37, 331). 
Eor hydrolysis of halogenated esters, see Drushel, 
ibid. 1912, [iv], 34, 69 ; for hydroxy- and 
alkyloxy- derivatives of propionic acid, ibid. 
1913, [iv], 35, 486. As the result of experiments 
on the hydrolysis of the ethyl esters of pro- 
pionic, acrylic, m-butyric, crotonic, /3-phenyl- 
propionic and cinnamic acids with dilute hydro- 
chloric acid at 20°, Williams and Sudborough 
(J.C.S. 1912, 101, 412) show that the rate of 
hydrolysis of the ethyl ester of an a/3-unsaturated 
compared with the rate for the corresponding 
saturated acid is about 1:30. The difference is 
however, not nearly so marked when an alkali 
(barium hydroxide) is used as hydrolysing agent. 
"Salmi (Ber. 1939, 72 [B], 1767) claims that 
most of the structural effects noted in the 
catalytic esterification of saturated and un- 
saturated fatty acids are also observed in the 
acid hydrolysis of the esters of these acids (cf. 
Esteeification) . 

The effect of olefin linkings in the alkyl 
group of an ester, as typified by the formates 

and acetates derived from aUyl, A -butenyl 

and A°-pentenyl alcohols, is only slight in the 
case of acid, but is somewhat more marked in 
alkali hydrolysis (Palomaa and Juvala, Ber. 
1928, 61 [B], 1770). 

Dawson and Lowson (J.C.S. 1928, 2146, 3218), 
by the elimination of autocatalytic effects on the 
hydrolysis of ethyl acetate by dilute h 5 ^dro- 
chloric acid and by determining the initial 
velocities, proved that, for concentrations of 
the hydrogen chloride between 0-0002 and 
0-2 mol. per litre the initial velocity is pro- 
portional to the concentration of the acid. They 
claim that at all stages the velocity is deter- 
mined by the hydrogen ion concentration of 
the solution. With concentrations of catalyst 
below 0-01 mol. the course of the hydrolysis is 
modified by the catalytic action due to the 
I acetic acid produced. The relative importance 
of this autocatalytic effect increases as the con- 
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centration of the liydrogen chloride diminishes, 
and it is not possible in practice to determine the 
initial velocity of the reaction when the concen- 
tration falls below 0-0002 mol. per litre. By a 
careful study in silica vessels, as traces of allcali 
have a pronounced effect, it is sho\vn that in 
moderately dilute solutions the reaction may be 
divided into two stages ; in the first of these the 
velocity is determined by the joint catalytic 
activities of the H-t- and OH" ions, and in the 
second by the H+ ions only. It avouM appear 
that the speed of the uncatalysed reaction and 
the catalytic activity of the Avater molecules are 
too small to have any appreciable influence on 
the course of the reaction. Dilatometric study 
of the acid hydrolysis of ethyl orthoformate and 
acetal shoAvs that liydrolysis other than by H+ 
ions is undetectable, and hence such a reaction 
is suitable for determination of hydrogen ion 
concentrations and for the investigation of the 
salt effect. In the case of all other ortho-esters, 
and of ketal, Avater molecules and substances like 
7n- and ^i-nitrophenol, cacodylic and acetic acids 
produce catalytic effects in addition to the H+ 
ions. 

For a resume of evidence that catalytic effects 
are due to undissociated acid molecules as Avell 
as to H+ ions, see Bronsted and Wynne-Jones, 
Trans. Faraday Soc. 1929, 25, 59, Working 
with a mixture of alcohol (42-34%) and Avater, 
Berger (Rec. trav, chim. 1924, 43, 163) shoAvs 
that the acceleration of the hydrolysis of esters 
AAuth H+ ions decreases with the strength of the 
acid from Avhich the ester is derived, and with 
methyl and ethyl esters of the same acid the 
difference in velocity is not constant, but de- 
creases AAuth the acidity of the ester, Olivier 
and Berger {ibid, 1927, 46, 609, 861) shoAV that 
hydrogen ion concentration is without effect on 
the hydrolysis of esters of strong acids or of 
compounds such as picryl acetate, and s- 
trinitrophenetole. 

For effect of emulsifiers on hydrolysis, see 
Smith, J.C.S. 1925, 127, 2602. 

Strong organic acids such as trichloroacetic 
and picric, the HS 04 ~ ion, and aqueous solu- 
tions of salts Avhich give rise to hydrions act 
catalyticaUy. Concentrated - sulphuric acid at 
15° rapidly hydrolyses ethyl phenylacetate and 
alkyl salicylates but only sIoavI}’- ethyl phthalate 
and alkyl benzoates. At 80° the benzoates and 
phthalates are immediately hydrolysed and at 
the same time slowly sulphonated (Senderens, 
Compt. rend. 1904, 198, 1827). An ester which 
is not hydrolysed by heating with strong hydro- 
chloric acid or alkali, e.ff. ethyl tetraethylsuc- 
cinatc, can be hydrolysed by heating to 200° 
with hydrogen chloride and a little aluminium 
chloride, the products being ethyl chloride, 
Avater and the acid anhydride (Ott, Ber. 1937, 
70 [B], 2362). 

Practically all acid- catalysed reactions, in- 
cluding the inversion of sucrose and the hydro- 
lysis of esters, proceed inore quickly in heavy 
Avater, DgO, than in AA^ater. This has been 
shoAATi to be true of methyl acetate Avith sul- 
phuric acid (Homel, Nature, 1935, 135, 909) 
and of ethyl formate and methyl acetate Avith 
hydrogen chloride (Butler and Nelson, J.C.S. 
1938, 957), and in all such cases the complex of j 


the ester and hydrion is in equilibrium Avith the 
medium ■ (Bonhoeffer and Reitz, Z. physikal 
Chem. 1937, 179, 135 ; Wynne-Jonei Chem’ 
RevicAvs, 1935, 17, 115). 

The mutarotation of d-glucose proceeds more 
sloAvly in DgO than in Avater. 

(3) Alkaline Hydrolysis.— The hydrolysis 
of an ester by means of an alkali hydroxide can 
be represented by an equation of the tjqie .- 

RCOOEt-f KOH=RCOOK + EtOH 

The reaction is non-reversible, as the alkali salt 
cannot react directly Avith the alcohol, and as 
both ester and alkali are used up as the hydrolysis 
proceeds the reaction should be bimolecular. 
Hydrolysis by alkalis proceeds more rapidly than 
that by mineral acids (c/. Van Dijken, Rec. trav. 
chim. 1895, 14, 106), and is the common method 
used in the laboratory. The ester is boiled for 
some time Avith an excess of sodium (or potas- 
sium) hydroxide solution .in a reflux apparatus. 
If the ester is an oil only sparingly soluble in 
Avater, the completion of the reaction is denoted 
by the disappearance of the oily layer, unless 
the alcohol formed is also insoluble in water. 
If, hoAvever, the ester itself is soluble in water, 
the disappearance of its characteristic odour 
indicates complete hydrolysis. In order to 
separate the acid and alcohol formed, the mix- 
ture is (a) boiled, when the alcohol passes over 
together Av-ith Avater, provided the alcohol is a 
comparatively simple monohydric one ; or (b) ex- 
tracted AA'ith ether if the alcohol is complex and 
is not readily volatile. To obtain the acid the 
alkaline solute left after treatment (a) or (b) is 
acidified Avith hydrochloric acid, when_ the 
organic acid is Erectly precipitated if it is 
sparingly soluble in water, or can be extracted 
Avith ether if soluble in Avater. 

An alcoholic solution of potassium hydroxide 
is sometimes 'used for hydrolysing purpo.ses, 
especially Avhen the ester is practically insoluble 
in Avater. In the case of esters other than ethyl, 
alcoholysis occurs resulting in the formation of 
ethyl esters Avhich are then hydrolysed, e.g. 
glycol diacetate and alcohohe potash give ethyl 
acetate and gtycol and finally ethyl alcohol, 
potassium acetate and glycol. Bryant and 
Smith (J. Amer. Chem. Soc. 1936, 58, 1614) 
recommend heating the ester Avith excess of , 
2iV’-sodium hydroxide in 90% methyl alcohol 
at 60-100° in closed vessels. 

The decomposition of esters by alkah 
hydroxide solutions is the basis for the usual 
methods for the manufacture of hard and soft 
soaps, and hence a common name for the process 
is saponification. The common fats are 
glyceryl esters of monobasic acids of high mole- 
cular weight, more especially of palmitic, steanc 
and oleic acids, and on saponification yield the 
trihydric alcohol glycerol and the sodium or 
potassium salts of the acids, e.g. 

CoH-lO-CO-Cj-Hoslod-SNaOH 

=C>JOH%-f3C,,H,yCOONa 

Anderson and BroAvn (J. Physical Chem. 1916, 

20, 195) have studied the velocity of saponifica- 
tion of various fats in different media; they 
find that the velocity is practically independent 
of the molecular weight of the fat but vanes 
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considerably witb the solvent and of the three 
alcohols used, namely, methyl, ethyl and amyl, 
is greatest in amyl alcohol. 

The saponification of fat occurs in stages and 
if insufficient alkali is used, the product is a 
mixture of unaltered fat -with mono- and di- 
glycerides and free fatty acid (c/. Fortini, Chem.- 
Ztg. 1912, 36, 1117 ; Marcusson, Z. angew. 
Chem. 1913, 26, 173). 

Reicher (Annalen, 1885, 228, 257) was one of 
the first to determine the velocity of saponifica- 
tion under varying conditions. The reaction is 
a typical bimolecular one and the velocity co- 
efficient can be calculated by means of the 
equation for a second order reaction : 

, 1 , b(a-x) 


where a and b are the original concentrations, 
and a—x and b—x the concentrations at the 
time t. The concentration of the alkali at any 
given time is determined by titration with 
standard acid and the concentration of the ester 
calculated from that of the aUcaU, as ^vith an 
ester of the type of ethyl acetate, the disappear- 
ance of each gram-molecule of alkali entails the 
disappearance of a gram-molecule of ester (c/. 
Warder, Amer. Chem. J. 1882, 3, 340 ; Ber! 1881, 
14, 1361). The velocity constant h can be cal- 
culated by means of the equation 



loge 


Q(C-Co:) . 

C(Q-C«) 


where C, C; and denote respectively the con- 
centration of the alkali just after mixing, the 
concentration after 'time t and the concentration 
after complete hydrolysis (24-48 hours). 

Reicher’s experiments were carried out at 
9-4°, and show that the velocity is practically 
the same whether sodium, potassium or calcium 
hydroxide is used as saponifying agent. With 
strontium or barium hydroxide the velocity 
constants are somewhat smaller and with a 
feeble alkali, such as ammonium hydroxide, the 
value for k is much less, e.g. 


^NaOH /i;nhiOh=200:1. 


The addition of methyl alcohol, glycol, 
glycerol, dulcitol or mannitol in the alkaline 
h 5 '^drolysis of ethyl acetate reduces the rate and 
for di-, tri- and tetra-hydric alcohols the 
relationship k=lc^G~<^ holds good, where k is 
the velocity coefficient in a solution having a 
concentration of alcoholic hydroxyl groups 
equal to c, k^ is the velocity coefficient in the 
aqueous solution and G is a constant (SeU- 
vanova and Syrkin, Compt. rend. acad. sci. 
U.R.S.S. 1939, 23, 45). 

The results observed with different esters 
show that the alkyl group R in the ester 


R'COOR 


influences the rate of hydrolysis to a greater 
extent than it does when mineral acids are 
used for Iiydrolysing; thus the values for 
k using sodium hj^droxide at 9-4° are : methyl 
acetate 3-49, ethyl acetate 2-31, propyl acetate 
1-92, fsobutyl acetate 1-62, and jsoamyl acetate 
1-G4. The influence of the acjrl group R'-CO 


is also marked, as shown by the following values 
for k at 14-4°, using sodium hydro'xide and ethyl 
esters: acetate 3-2, propionate 2-8, butjTate 
1-7, isobutyrate 1-73, isovalerate 0-62, and 
benzoate 0-83. 

Numerous investigations have shouai that 
substituents introduced into the acyl group of 
an acid, whether aliphatic or aromatic, have a 
marked effect on the alkaline hydrolysis of its 
esters. In many cases this is a retarding effect, 
e.g. alkyl groups, especially in the a-position in 
an aliphatic or in the o-position in a benzoic ester, 
generally retard hj'^drolysis (Hjelt, Ber. 1896, 
29, 1864; Gyr, ibid. 1908, 41, 4308; Kellas, Z. 
phj'sikal. Chem. 1897, 24, 243). On the other 
hand certain substituents, e.g. chlorine in acetic 
acid (Sudborough and FeUman, Proc. Chem. 
Soc. 1897, 13, 243), a-hydroxyl- in aliphatic acids 
(Findlay and Turner, J.C.S. 1905, 87, 747; 
Findlay and Hickmans, ibid. 1909, 95, 1004), 
o-halogen or nitro- in benzoic acid (KeUas, 
l.e. ; Blakey, McCombie and Scarborough, 
ibid. 1926, 2863) increase the rate of alkaline 
hydrolj'sis. A comparison of the alkaline 
hydrotysis in 85% alcohol of the series of esters, 
R-COgEt, where R increases from CHg to 
shows that the velocity coefficient 
decreases from CHg to^i-CgH^ and then remains 
almost constant. When R consists of a branch- 
ing chain the constant falls and when R=CMe 3 
or CHEtg the hydrolysis is remarkably slow. 
The change in velocity corresponds with a change 
in E in the Arrhenius equation wth the excep- 
tion of esters where the alk 3 d group branches at 
the a-carbon atom. As a rule E varies with the 
inductive effect of R. 

For the ortho effect in the hydrolysis of aromatic 
esters, see Kindler (Annalen, 1928, 464, 278). 

The generalisation drawn by V. Meyer (Ber. 
1895, 28, 1263 ; cf. Wegscheider, ibid. 1896, 28, 
2356), viz. that there is a simple relationship 
between the rate of hj'drolysis of an ester by 
alkalis and its rate of formation by the catalytic 
method of esterification, does not hold. In a 
given series of esters the affinity constants of the 
acids from which the esters are derived and 
the saponification constants of the esters follow 
the same order, but there is no direct proportion- 
ality between the two sets of numbers. 

Olsson (Z. phj'sikal. Chem.^ 1928, 133, 233) 
concludes that the velocity coefficient is mainly 
influenced by the strength of the acid com- 
ponent of the ester, but in certain cases steric 
influences affect the velocity in the opposite 
direction. It may be that the two influences 
are manifestations of one fundamental property, 
viz. the force of dissociation of the separate 
components {cf. Williams, Gabriel and Andrews, 
J. Amer. Chem. Soc. 1928, 50, 1267). Smith 
and Olsson (Z. physikal. Chem. 192.5, 118, 99) 
point out that when the alkyl acetates are 
arranged in the . order of decreasing rates of 
hydrolysis by sodium hydroxide the series is 
identical with the corresponding series for the 
rates of ester formation from the alcohols and 
acetic anhj'dride, and Olsson (ibid. 1927, 
125, 243), from a study of the rates of hydrolj'sis 
of numerous acetates by the same alkali, finds 
that branching in the alkjd radical, in contra- 
distinction to simple lengthening of the carbon 
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chain, has a marked retarding effect on the rate. 
This conclusion is confirmed by Hol’tzschmidt, 
Vorob’ev and Potanov {J. Gen!^ Chpm. XJ.S.S.R. 
1936, 6, 757), who find that for a given acyl 
group the ratio tjJt//;jie=0-o7, Z:pr//;Ef=0-84 and 
f-BiJJ-Pr = 0-93, but for a given alkyloxy-group 
and different acyl groups the relationships 
are not so simple. The saponification of the 
ethjd esters of the saturated aliphatic acids has 
been studied by Evans, Gordon and Watson 
(J.C.S. 1938, 1439) to determine the effects of 
increasing R' from Me to n-butyl on P and E 
in the Arrhenius equation. 

The alkaline hydrolysis of acetylated hydroxy- 
acids, e.g. acetylmandelic and acetjdsalicylic 
acid, is bimolecidar and free from side reactions, 
and a comparison of a- and d-^ifetoxyphenyl- 
propionic acids shows that the ion oVthe )5- 
compounds is hydrolysed more than twice as 
rapidly as the a-ion (La jMer and Greenspan, 
J. Amer. Chem. Soc. 1934, 56, 1492). Also with 
unsaturated and phenyl substituted esters there 
is no parallelism between the rates of ester 
formation and the rates of saponification. The 
addition of an organic solvent to a mixture of 
methyl acetate, sodium hydroxide solution and 
alcohol tends to decrease the rate of h 3 ’drolysis 
(Caudri, Pec. trav. chim. 1929, 48, 422). 

Kindler (Annalen, 1926, 450, 1 ; 1927, 452, 
90) has examined the rate of hydrolysis of ethyl 
benzoate by a solution of sodium in 87-83% 
aqueous alcohol," and also of the esters -vrith 
Cl, Br, I, NOj, CHg and NHg substituents, 
and finds that the rate increases in the order 
p-NOg, ot-NOj, m-\, p-l, m-Br, p-Br, m-C\, 
p-CI, 7n-MeO, p-Ph, p-MeS, m-Me, p-Me, 
p- E t, p-M eO, 7K- N H g, p- N Hg, or, generally, the 
reactivity decreases -with the negativity of the 
group X in the complex XCgH^-COjEt . When 
similar esters are examined, but with -CHg', 
•CHg-CHy or -CHzCH-, interposed between 
the nucleus and the carbethoxy group the sub- 
stituents have similar effects and follow the 
same order, but the effect is most marked in 
the benzoic series, and least in the substituted 
phenjdacetates. 

The same author (Ber. 1936, 69 [B], 2792) 
attempts to correlate the rate of hydrolysis of 
an ester, RCOgEt, with the firmness of the 
union between the R and carbetbox}^-group. 

Olivier and Weber (Rec. trav. chim. 1934, 53, 
899), by a comparison of the ratio 
the ratio of the velocity coefficients for the 
alkaline and acid hydrolj’sis of an ester, show 
that with different esters from the same alcohol 
the ratio increases with the strength of the acid 
from which the ester is derived. 

Ingold (J.C.S. 1930, 1032) claims that the 
ratio° /.'OH/bH is free from all steric factors and 
represents only polar effects, and in a series of 
communications (Ingold and co-workers, ibid. 
1930, 1039, 1375; 1931, 2035, 2043, 2170) 
the values for this ratio for different series of 
esters are given, calculated by a method based 
on Dawson’s equation {ibid. 1926, 2872, 3166; 
1927, 21.3, 1148, 1290) 

2pH*— log Kio=log /;oh/^h ^ 

^ Where pn* is the pa at which the velocity is at a 
minimuti} and is the ionic product of water. 


and thus involving the determination of the 
nydrolyfrc stability maxima of carboxylic esters, 
ihe ratio varies from 2 for ethyl acetate to 3-7 
tor eth 3 d chloroacetate, 160 for ethvl aceto- 
acetate and 12,000 for ethyl aminoacetate. 

The results for the two groups of esters : 

XCHyCO-O-CHyCHgY 
and XCO-O-CHgY, 

where X and Y represent substituents, show 
that the ratio increases regularly with the elec- 
tron-attracting nature of X, e.g. from H through 
Cl, CHg-CO t-o NHg-i", but decreases with 
the electron-donating value of X, and similar 
generalisations hold good for the substituent Y. 

Three general conclusions are drawn : (1) that 
two methyl groups in the same position relativelj’ 
to -COO - in R-COOR' displace pn* by roughly 
equal amounts ; (2) that the displacement of ps* 
by the introduction of a methyl or gem dimethyl 
group decreases approximately geometrically as 
successive carbon atoms are included normally 
between the group and the -COO- nucleus; 
(3) that the displacement of the minimum 
caused by any group in R' bears a nearly 
constant ratio to the displacement produced by 
the same group in R. It is farther concluded 
that the same quantitative measure of polarity 
may be derived from other chemical reactions. 

Conclusions on the relationship between polar 
effect and energies of activation (E) in processes 
of hydrolysis have been drawn by several investi- 
gators. Ingold and Isathan (ibid. 1936, 222) 
have examined the alkaline hydrolysis of p- 
substituted benzoic esters from the point of 
view of the Arrhenius equation /;=Be“^/®^ in 
85% aqueous alcohol at 25° and 50°; B is the 
reaction constant w’hich depends primarily 
upon the frequency of collision of the reacting 
molecules (Moelwyn-Hughes, “ Physical Che- 
mistry,” 1940, p. 532) ; h varies with the 
substituent in the following order ; 

NH2<OMe<Me<H<Cl<l<Br<N02 

Over a 5,000 fold range and the activation energy 
decreases in the order : 

NH2>OMe>Me>H>Hal>N02 

and the linear relationship between E and logh 
corresponds with a constant value of B in the 
equation. Timms and Hinshelwood (ibid. 1938, 
862), from a study of both acid and alkaline 
hyffrolysis in aqueous acetone and aqueous 
alcohol, show that the reaction is facilitated by 
recession of electrons from the seat of the 
reaction. The value of E is high in acid hymo- 
lysis and the effects of substituents are smaUer; 
also B increases with E in contrast with the con- 
stant value in alkaline hydrolysis. The effect ol 
the solvent is apparently the opposite in the two 
cases. The effects of the transmission of stm- 
stituent influences have been studied by 
Newling and Hinshelwood (ibid. 1936, 1357) ana 
Tommila and Hinshelwood (ibid. 1938, 1801). 
The esters examined belonged to the senes: 

XCgHj-COoEt, XCgHyCOaMe, 

CH3-CO2CH2-C6H4X 

and CH 3 -C 02 CgH 4 X 
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where X is in the m- or 2 ?-position. In all cases 
of alkaline hydrolysis B remains constant and 
changes due to the substituent are measured in 
change in E. In acid hydtolysis the change is 
similar but less regular. In the former case the 
value /IE 1 gives a qualitative measurement of 
the influence of the different substituents for a 
given series, and the values are fairly constant 
for aU the series. The changes in E are a 
measure of the transmission of the electronic 
effect of a given substituent through the given 
structures. 

The same set of substituents does not produce 
equal effects in different reactions, but if ^Ej is 
the change caused by any given substituent in 
one reaction and /lEj that caused by the same 
substituent in a second reaction then 2 Ej=a/JE 2 
where a is practically constant for all the sub- 
stituents. The transmission coefficient for the 
influence of the substituent to the reaction centre 
is greatest in the case of the alkaline hydrolj^sis 
of benzoic esters and decreases in the order 
phenyl acetates (alkaline) (0'71), benzyl acetates 
(alkaline) (0-36), benzoic esters (acid) (0-2), 
phen 3 d acetates (acid) and benzyl acetates (acid). 
The numbers in brackets give the relative values. 

Ingold and his co-workers {ibid. 1931, 2035) 
from the values of hn at different temperatures 
have calculated the values of A and B in the 
equation 

logio^-H=A-B/T. 

Although the values of k do not fall regularly 
but exhibit a maximum with the propionyl 
radical, neither A nor B exhibits this anomaly; 
both A and B fall as the length of the acyl group 
increases from acetyl to pentoyl. A is primarily 
a steric function and B a polar function. 

The activation energies and velocities of acid 
and alltaline hydrotysis of trilaurin, tripalmitin, 
tristearin, aa-dipalmitin and a-monopalmitin 
in the expanded state in monolayers approxi- 
mate to those in homogeneous solution and on 
compression to the condensed state the values 
of E rise although those of k change only slowly 
(Alexander and Rideal, Proc. Roy. Soc. 1937, 
A, 163, 70). 

The activation energies for alkaline saponifi- 
cation of substituted aromatic esters can be 
correlated with the dipole moments {fi) of the 
substituent groups according to the equation 
'E,='E,^+afi+b[i-, where a and b are constants 
(Nathan and Watson, J.C.S. 1933, 1249). 

(4) Finely Divided Metals, Metallic 
Oxides and Salts as Catalysts. — ^Esters can 
also be hydrolysed by water with finely divided 
metals as catalysts, e.g. Neilson (Amer. J. 
Physiol. 1903, 10, 191) has shown that platinum 
black accelerates the hydrolysis of ethyl buty- 
rate. The reaction is, however, very slow, and 
increases ■with the amount of platinum present. 
The maximum effect is obtained at 50°, and the 
activit 5 ’- of the catalyst is readily destroyed by 
various “ poisons.” The reaction is reversible as 
platinum black can also accelerate the esterifi- 
cation of butyric acid in ethyl alcoholic solution. 

Sabatier and klaihle (Compt. rend. 1911, 152, 

^ dE=En— Es.wliereEn is the energy of activiition 
of the ■ausuhstttuted add and Ex that' of the ehb- 
stituted acid. 


494) have shown that titanium dioxide is a good 
catalyst for the conversion of acids and alcohols 
into esters. The method adopted is to allow 
a mixture of molecular quantities of the vapours 
of the two compounds to pass over a column of 
the dioxide kept at 280-300°. The jdeld of 
ester is much the same as in Berthelot and 
Menschutkin’s experiments, but the process is 
extremely rapid. The reaction is reversible, and 
using equivalent quantities of acid and alcohol 
an approximately 70% yield of ester was 
obtained in most cases examined. A similar 
method may also be used for hydrolysis of 
esters. It consists in allowing a mixture of the 
vapour of the ester with an excess of steam to 
pass over the titanium dioxide at 280°-300°. 

Similar results can be obtained with thorium 
oxide as catalyst provided aromatic acids of the 
type of benzoic are used {ibid. 1911, 152, 358). 

Certain neutral metallic salts also act cata- 
lyticaUy on the hydrolysis of esters by water 
(KeUog, J. Amer. Chem. Soc. 1909, 31, 403, 886). 
The salts which have been investigated are 
potassium chloride, bromide and iodide. The 
catalytic effects are comparatively small when 
compared with those of strong acids ; the chloride 
has the greatest effect and the iodide the least, 
and when the concentration of the salt reaches 
a certain value the catalytic effect is negative. 

Holmes and H. C. Jones (J. Amer. Chem. 
Soc. 1916, 38, 105), working with aqueous solu- 
tion of methyl acetate and methyl formate, show 
that salts with water of crj’stallisation have a 
greater effect in increasing the velocity of 
hydrolysis than anhydrous crystalline salts. 
Certain salts such as Li 2 S 04 , Nal, SrBPj, 
LiBr and Kl produce retarding effects. On 
dilution the effect with salts having water of 
crystallisation decreases more rapidly than with 
crystalline anhydrous salts, and this shows that 
the decomposition of the esters cannot be due 
to the hydrolysis of the salts alone. 

(5) Esters of Dibasic Acids. — J. Meyer (Z. 
physikal. Chem. 1909, 66, 81 ; 67, 257) by the 
study of the hydrolysis of esters of dibasic 
acids (tartaric, succinic and camphoric) with 
hydrochloric acid as catalyst, has proved 
that the reaction proceeds in two distinct 
stages : (a) normal ester-b water acid ester 
-balcohol; (6) acid ester+water->acid-b alcohol. 
With the ethyl esters of symmetrical dibasic 
acids, e.g. tartaric and succinic, the whole 
reaction appears to be unimolecular as the 
velocity constant for the first stage is almost 
exactly double that for the second stage, and 
the whole is pseudo-unimolecular. This simple 
relationship does not hold good for oxalic acid 
or unsaturated acids, e.g. maleic. 

In the case of ethyl camphorate, the ester of 
an uns 3 rmmetrical acid, the two stages proceed 
at very different rates ; the normal ester, 

CH,-CMe(COoEt)x 
I - ‘ >CMe2, 

CH„— CH(C02Et)/ 
is rapidly hydrolysed to the jS-aeid ester. 


CH2-CMe(C02Et)^ 
CHg— CH(C02H) / 


CMe 
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but this latter is fairly stable, and the method is 
a convenient one for the preparation of the acid 
ester.- Ror different esters of the same acid the 
influence of the alcoholic group on the rate of 
hydrotysis is scarcely noticeable, -whereas the 
constitution of the acyl group has a marked 
effect. 

Experiments carried out -with the same esters 
using alkali hydroxide as hydrolysing agent 
sho-u' that here also the reaction proceeds 
in t-vro distinct stages, but the relationship 
bet-ween the velocity constants of the t-wo is 
not so simple as when hydrochloric acid is used. 

The two stages are : 

(1) R{C02Et)2+Na0H 

->R(C02Na)C02Et+ EtOH 

and 

(2) R(C02Na)C02Et+Na0H 

R(C02Na)2+Et0H 

and their respective velocity coefficients are 
denoted by and /jg- Ritchie (J.C.S. 1931, 31 12) 
has developed an accurate method for determin- 
ing kj ; and /jg can be readily determined by em- 
ploying the sodium salt of the monoethyl ester, 
and using the usual bimolecular formula for cal- 
culation, whereas Nielsen (J. Amer. Chem. Soe. 
1936, 58, 206) has used a conductivity method. 
Addition of ethyl alcohol diminishes very con- 
siderably the rate of the reaction in aqueous 
solution. The ratio decreases in all cases as the 
proportion of alcohol in the mixture is increased. 

With ethyl oxalate the ratio kj^/k 2 is 10^ 
■with ethyl malonate 100, ethyl succinate 10 
and ethyl sebacate 2-8 (Ingold, J.C.S. 1930, 
1375 ; 1931, 2170), and the whole process cannot 
be represented as a simple bimolecxdar reaction. 
The values have been used for calculating r, the 
distance in cm. between the carboxylic groups 
and r x 10® varies from 2-9 for oxalic to 12-38 for 
azelaic. With the esters derived from sym- 
metrical dihydric alcohols, e.g. glycol diace- 
tate, C 2 H 4 (OAc) 2 , although the hydrolysis 
proceeds in two ffistinct stages the velocity- 
constants of the two stages bear a simple 
relationship to one another, c.g. 2:1, and hence 
the whole appears to be a bimolecular reaction. 
The same holds good for the hydrolysis of 
glyceryl triacetate, where the three distinct 
stages proceed at the relative rates 3:2:2. 

Meastnements of the velocity of hydro- 
lysis by potassium hydroxide in mixtures of 
alcohol and water show that the velocity co- 
efficient is not a continuous function of the 
composition of the solvent. At 15° the dis- 
continuities in the plotted curves correspond 
closely -with simple molar ratios of alcohol and 
water, and at higher temperatures the number 
of such discontinuities is small. Similar residts 
are not met -with in other reactions studied 
in alcohol-water mixtm-es (McCombie, Scar- 
borough and Settle, ihii. 1921, 119, 970 ; 
1922, 121, 243, 2308). The values of k-^ and k^ 
and also the ratio bj/Z.-n dimim'sh as -the per- 
centage of alcohol increases (Ritchie, ibid. 1031, 
3112). 

(6) Esters of Sulphonic Acids. — Esters of 
sulphonic acids are also hydrolysed by water, 
mineral acids or alkalis, and since most of the S 


sulphom'c acids are very strong acids, their esters 
are hydrolysed quite readily by water alone. 
The esters are also converted into the correspoiKl- 
ing acids when heated -with alcohol (Krafft and 
Roos, Ber. 1893, 26, 2823 ; Kastle and Murrill 
Amer. Chem. J. 1895, 17, 290), a reaction in 
which an alkyl ether is also formed 

R-SOg-O Et-f EtO H= R-SOo'O H-f EtjO. 

This decomposition proceeds slowly at the 
ordinary temperature, and is brought about 
more readily by methyl than by ethyralcohol. 

Kastle, Murrill and Frazer (ibid. 1897, 19, 
894) have sho-wn that 0-lA’’-solutions of sul- 
phuric and acetic acids have no effect on 
the hydrolysis of esters of sulphonic acids by 
water. Hydrochloric and hydrobromic acids, 
on the other hand, have an apparent retarding 
effect, but this is due to the fact that the halogen 
hydracids can react with the ester according to 
the equation: 


R-SOs-OEt-FHCI ^ R-SOyOH-fEtCl 


a reaction which does not affect the total acidity 
of the solution. A "more detailed investigation 
has proved that this second reaction proceeds 
more rapidly and to a greater extent than the 
hydrolysis of the ester by water. The hy'drolysis 
of a sulphonic ester by means of a large c-veess 
of water or alcohol in acetone solution gives 
concordant values for k -when the equation for 
a unimolecular reaction is used. Alkalis arc 
much more efficient hydrolysing agents than 
water for sulphonic esters ; this may be due to 
the alkali acting independently of the -n-atcr or 
to the alkali catalyticaUy affecting the hy-drolysls 
by water. The constants at 25° for methyl 
benzenesidphonate, using water and A-potas- 
Slum hydroxide solution are in the ratio 1:90 
(Wegseheider and Furcht, Monatsh. 1902, 23, 
1903). When the neutral ester of a mixed 
carboxyhc sulphonic acid is hydrolysed, e.g- 
EtO SOyCcH^ COzEt, the SOo-OEt group 
is hydrotysed much more readily than the 
C 02 Et group, and an acid ester of the type 
H 0 -S 02 -C 6 H 4 -C 02 Et is formed. 

(7) Irnino-ethers can be hydrolysed in two 
different ways : 


(1) RC 


/NH 

\0R' 


/O 

HoO-^RCf 

\0R' 


■NH, 


/NH 

(2) RC<f ->RC:N-pR'OH 
\OR' 

The former reaction is greatly accelerated by 
acids and the latter by- alkalis. According to 
Stieglitz (Amer. Chem. J. 1008, 39, 29, 160) the 
former reaction consists in the hy’drolysh of the 
complex cation {RC(:N H )OR',H~), and the 
latter in the decomposition of the anion 

RC(:N-)OR'. 

The effect of nlJmlis is much more pronouiif^ d 
than that of acids. When water alone is used it 
is the non-ionised ether -(vhich is decompo-cd. 

B. HvDROi.ysis or Other Acve 
TiVES. — The chlorides, amides, anilides and 
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anhydrides of organic acids can be hydrolysed 
in much the same manner as esters, e.g. 

RCOCH-H-OH=RCO-OH+HCl 
RCO-NHPh-f KOH = RCO-OK+NH2Ph 

Amides. — As a rule the derivatives of ali- 
phatic acids are hydrolysed more readily than 
those derived from aromatic acids, e.g. acetamide 
more readily than benzamide. The hydrolysis is 
usually effected by boiling with alkali hydroxide, 
but the presence of ori/io-substituents in deriva- 
tives of benzoic acid retards hydrolysis to an 
appreciable extent (V. Meyer, Ber. 1894, 27, 
2153; Sudborough, J.C.S. 1894, 65, 1030; 
1895, 67, 587; 1897, 71, 229; Reed, Amer. 
Chem. J. 1899, 21, 281). When two such 
substituents are present the amide cannot be 
hydrolysed by boiling with potassium hydroxide 
solution, but the hydrolysis may be accomplished 
by heating with concentrated hydrochloric or 
hydrobromic acid under pressure in sealed tubes. 
One of the most convenient methods for con- 
verting a dior/7jo-substituted benzonitrile into 
the corresponding acid is to hydrolyse to the 
amide RCN-f H20 = RCONH 2 by heating 
at 120-130° with 90% sulphuric acid, and when 
cold to replace the amino group by hydroxyl 
by the addition of sodium nitrite solution^ 
(Bouveault, Bull. Soc. chim. 1892, [iii] 9,\368; 
Sudborough, J.C.S. 1895, 67, 002). 

An a^-olefin linking in the acyl group has a 
retarding effect on the hydrolysis of an acid 
amide with sulphuric acid or allrali (Yathiraja 
and Sudborough, J. Indian Inst. Sci. 1925, 55). 

The hydrolysis of acetamide by hydrochloric 
acid has been studied by Acree and Nirdlinger 
(Amer. Chem. J. 1907, 38, 489). The amount of 
hydrolysis after given intervals of time was 
determined by introducing known volumes of 
the reaction mixture into a Lunge nitrometer 
containing sodium hy^pobromite solution and 
measuring the nitrogen evolved. Their results 
show that at 65° the reaction is practically 
unimolecular when dilute solutions are used, but 
that the values for k tend to increase with the 
time, probably owing to a* slight catalytic effect 
of the ammonium chloride formed on hydrolysis. 

The mechanism of the reaction is probably 
analogous to that of the acid hydrolysis of 
esters, the first stage being the formation of a 
cation RCO-NH2H+ from the amide and 
^hydrion and the second stage the reaction of this 
cation with water yielding the organic acid and 
the ammonium ion. 

Croker and Lowe (J.C.S. 1907, 91, 593, 952) 
have studied the hydrolysis of the amides of the 
simple aliphatic acids mth hydrochloric acid, 
and also with sodium hydroxide solution, using 
the electrical conductivity method in order to 
determine the amount of amide hydrolysed. 
The order of the amides when hydrochloric acid 
is used is'formamide, propionamide, acetamide, 
tsobutyramide, capronamide, butyramide and 
valeramide ; but with sodium hydroxide the 
order is formamide, acetamide, propionamide, 
capronamide, butyramide, isohutyramide and 
valeramide ; in both cases formamide is the amide 
most readily hydrolysed, and in every case the 
h3fdroIysis with alkali proceeds more rapidly 


than that with hydrochloric acid under similar 
conditions. 

Most compounds of the type of alkylated 
acid amides, e.g. compounds containing the 
grouping R'CONHR, can be hydrolysed. 
Thus hippuric acid (benzoylglycine), 

CeHs-C0NHCH2-C02H, 

is hydrolysed to benzoic acid and glycine hydro- 
chloride when boiled with concentrated hydro- 
chloric acid. For alkaline hydrolysis of com- 
pounds of the type CCl2(CONHR)2, where 
R^CgHg, C^H^Me, CeH^CI, 

CH2Ph, see Naik, Trivedi and Mehta, J. Indian 
Chem. Soc. 1938, 15, 426. 

Nitriles. — The hydrolysis of an aliphatic 
nitrile by either acids or alkalis occurs in two 
distinct stages, the intermediate product being 
the acid amide. “ The first reaction takes place 
much more slowly than the second, and is the 
one actually measured when hydrochloric acid 
is used as catalyst (Kilpi, Z. physikal. Chem. 
1914, 86, 641 ; for allcahne hydrolysis cf. ibid. 
p. 740). 

E. Fischer (Ber. 1898, 31, 3266) has pointed 
out that uric acid and similar cyclic nitrogen 
derivatives are less readily hydrolysed by 
dilute alkahs than their alk3dated derivatives, 
e.g. l;3:9-trimethyluric acid. Similarly the 
amide and methyl ester of the methyl ether of 
salicylic acid are more readily hydrolysed than 
the corrbsponding derivatives of salicylic acid 
itself, and in all such cases the compounds most 
resistant to the hydrolysing agent are those 
which can form metallic salts with the alkalis. 

The hydrolysis is analogous to the alkaline 
hydrolysis of esters, the complex anion 

R-C^OH 

\NH2 

being the first product and the second stage the 
decomposition of this into ammonia and the 
anion of the organic acid. When the amide 
contains a replaceable hydrogen atom, salt 
formation of a different type occurs, and the 
eharacteristic complex anion is not formed. 

Lactones and Anhydrides of Dibasic 
Acids. — ^In the h3'drolysis of both t3TJes of 
compounds water is added but no fission 
occurs ; the first group gives the h3'droxy-acids 
and the second the dibasic acids. 

The relative rates of hydrolysis of lactones 
have been used b3'' Haworth and Nicholson 
(J.C.S. 1926, 1899) to determine whether a 
lactone derived from the sugar acids is a 
y- or a 8-lactone, as the former is hydrated much 
more slowly than the latter. 

For the ketonic and acid hydrotyses of substi 
tuted ethyl acetoacetates and their utilisation 
in the preparation of substituted acetones and 
acetic acids, see Acetoacetio Aero, and for 
hydrolysis of aromatic sulphonic acids by 
mineral acids, where o- or p-methyl groups 
facilitate and o- or p-amino groups retard 
hydrolysis, see Crafts, Bull. Soc. chim. 1907, 
[iv], 1, 917. 
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IV. Hydbolysis of Glycosides, Di- and 
Poly-Sacchaeides. 

As a rule compounds of the ether type, i.e, 
compounds containing two alkyl or substituted 
alkyl groups attached to oxygen, are not 
readily hydrolysed when boiled -with alkali or 
acid solutions. 

AIL the carbohydrates of the di- or poly- 
saccharide type take up w’ater when warmed 
with dilute mineral acid and are resolved into 
monosaccharides. The best known examples 
are : 

Sucrose (cane sugar) -f water 

=glucose (dextrose)-L fructose (lajvulose) 
Halt sugar-f water=glucose 
Lactose (millc sugar)-fwater=glucose-f galactose. 

All these reactions can be represented by the 
equation : 

Starch is also bi’^drolysed by dilute mineral 
acids jnelding as final product glucose : 

{^G^i0®5)a"kwH2O=nCgHj2Oc 

The hydrolysis of eane sugar (sucrose) by 
means of dilute mineral acid has been examined 
in detail ; it is usually referred to as the inver- 
sion of sucrose, as the optical rotatory power 
changes from -f- to — during the reaction. The 
investigations ofWilhelmy (Pogg. Ann. 1850, 
81, 413, 499) proved that in dilute solution the 
amount of sugar inverted is proportional to the 
amount present, or, in other words, the reaction 
is unimolecular. The method of determining 
the concentration of the sucrose at any given 
time is based on polarimetric readings. If the 
original rotation of the sucrose solution be 
-rx°, and after complete inversion be then 
the total change is If after an interval 

of time t the rotatory power of the solution is 
+z°, then the fraction of sucrose which has 

undergone inversion is » and the velocity 

constant can be determined by substituting the 
values for I, Cg, and C( in the equation 

K=l/tloge (CgfCt) 

where Cg represents the concentration of the 
sucrose at the beginning, and can be expressed 
ky x-j-y, Ci represents the concentration at 
time (, and is equal to x—z. The velocity of 
inversion is directly proportional to the con- 
centration of the hydrochloric acid, and increases 
with rise in temperature (J. Meyer, Z. ph 5 ^sikal. 
Chem. 1908, 62, 59 ; Hudson, J. Amer. Chem. 
Soc, 1908, 30, 1165; Eosanofi> Clark and 
Sibley, ibid. 1911, 33, 1911). 

The dilatometric method has been used for 
determining the rate of hydrolysis of sucrose 
\rith dilute hj'drochloric acid and the results 
follow the unimolecular formula (Hitchcock 
and Dougan, .J. Physical Chem. 1935, 39, 1177) 
and the velocity coefficients agree with those 
determined polarimetrically. The total con- 
traction per gram-molecule at infinite dilution is 
G-92 c.c. at 25° when the products are in 
mutarotation equilibrium. 

The hydrolysis of other disaccharides, and 


of glycosides by dilute mineral acids also 
follows IVilhelmy s Law/ but the relative rates 
are verj’ different; the following values have 
been obtained for A"-sulphuric acid at 20’: 
lactose 1, maltose 1-27, sucrose 1240 ; also 
a^methylglucoside 100, and jS-methylglucoside 
179. _ The hydrolysis of carbohydrates by means 
of dilute_ mineral acids is the basis of certain 
commercial methods for the manufacture of 
glucose. Large quantities of this carbohydrate 
are manufactured by boiling starch (e.g. potato or 
maize starch) with dilute sulphuric acid, 
removing the acid by precipitating as calcium 
sulphate and evaporating the clear solution 
under reduced pressure. Hydrochloric acid is 
used in U.S.A. and wood cellulose is hydrolysed 
by concentrated hj’-drochloric acid in Germany, 
and the resulting glucose fermented for the 
production of power alcohol. 

AH glycosides, including the simple synthetic 
alkylglucosides and all the more complex 
natural glycosides (v. Glycosides), are readily 
hydrolysed by dilute acids or alkalis. In these 
compounds the alkyloxy- or more complex 
radical is attached to the first carbon atom of 
the aldose molecule, i.e. the carbon atom of the 
group with aldehydic functions in aqueous 
solution. The primary product is the corre- 
sponding a- or )3-form of the aldose, but as these 
rapidly imdergo mutarotation in the presence 
of acid or alkaU the final product is a solution of 
the a- and )S-forms in equilibrinm. Other 
methyl derivatives, e.g. those with OMe in 
positions 2, 3, 4 or 6 of a pyranose, are not 
readily hydrolysed and behave as ordinaiy 
ethers. 

Ultra-violet h'ght can bring about the 
! hydrolysis of glycosides, also of certain esters 
and amides, but not of polypeptides or proteins 
(Guillaume and Tanret, Compt. rend. 1935, 
201, 1057). ■ . ffi 

From determinations of the velocity coeni- 
cients for Hydrolysis of certain finicto-furano- 
sides and -pyranosides at 20-60° Heidt and 
Purves (J. Amer. Chem. Soc. 1938, 60, 1^®^ 
prove that the generalisation log k=log a—bjl 
holds good, and that log a, b and E (activation 
energy) increase when methyl replaces benzyl, 
when an a- replaces a j3-isomeride and when a 
pyranoside replaces a finanoside. _ _ 

Neutral Salt Action . — The investigations o 
Ostwald (J. pr. Chem. 1883, [ii], 28, 460), Spohr 
{ibid. 1886, [ii], 33, 265), and Arrhenius (f- 
physikal. Chem. 1889, 4, 234; 1899, 31, 2,0 1 ) 
prove that the addition of a sub^ance which i= 
largely ionised in aqueous solution accelerates 
the hydrolysis of esters or of carbohydrates by 
aqueous solutions of strong acids. ^ This has 
been proved by the addition of metallic chlorides 
to mixtures in which hydrogen chloride is the 
catalyst, the addition of bromides to hydro^n 
bromide, and of nitrates to nitric acid. Ihe 
majority of chlorides have much the same 
effect if readily ionised, whereas a salt such as 
mercuric chloride, which is only partly ionised, 
has a much feebler action. 

Caldwell (Proc. Roy. Soc. 1906, A, 78, 2/2), 
working with weight-normal solutions, shows 
that the presence of metallic chlorides increase 
the catalytic activity of hydrogen chloride m 
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the inversion of cane sugar, and that calcium 
chloride has the most pronounced effect. 
Similar effects on the activity of nitric acid ara 
produced by nitrates (Whymper, ibid. 1907, A, 
79, 576). Salts also tend to increase the activity 
of hydrogen chloride when used as a catalyst 
in the hydrolysis of methyl acetate (Armstrong 
and Watson, ibid. 1907, A, 79, 679), hut their 
effect is not so marked as in the case of the 
inversion of sucrose (cf. Armstrong, ibid. 1908, 
A, 81 , 90 ; Armstrong and Crothers, ibid. p. 102). 
Senter (J.C.S. 1907, 91, 462) states that in 
equivalent solutions of different salts the effect 
is practically independent of the nature of the 
salt (cf. Jones, Z. physikal. Chem. 1906, 55, 
355, 429). Change of temperature has but 
little effect on neutral salt action, and it is 
concluded that probably the earlier suggestion 
of Arrhenius is correct, namely, that the ions 
of the neutral salt have some action on the 
h 3 'drions or hydrov 3 d ions of the catalyst. 

Reed (Amer. Chem. J. 1899, 21, 342) states 
that neutral salts retard the hjArolj’^sis of acid 
amides by alkalis ; and Arrhenius (Z. physikal. 
Chem. 1887, 1, 110) and Spohr (ibid. 1888, 2, 
1194) claim that the same effect is produced by 
salts on the rate of hydrolysis of esters by alkalis. 
For the action of neutral salts on hydrolysis of 
chloroacetic acid, cf. "Section IIIB, p. 385a. 

V. Hydeolysis by Enzymes. 

Many of the hj'^drol 3 d;ic processes induced by 
aqueous solutions of acids or alkahs can also 
be brought about by the complex organic 
substances found in animal and plant tissues 
lmo^vn as enzymes. For chemical nature of 
enzymes, purification, factors influencing enzyme 
action and kinetics of enzyme action, see 
Enzymes. 

The name given to a particular hydrofysing 
enzyme usually indicates the substance it is 
capable of hydrolysing and in these cases the 
termination ase is used. Thus maltase is the 
enzyme which hydrolyses maltose, am 3 ’'Iase the 
enzyme which hydrolyses starch ; but in some 
cases older names which were in use before this 
scheme was adopted, are still retained, e.ff. 
sucrase, the enzyme which inverts sucrose (cane 
sugar), is still called invertasp or even invertin, 
the common digestive enzymes are termed 
tryqjsin and pepsin. The substance which is 
decomposed by the enzyme is usually’^ termed 
the substrate. 

The more important types of hydrolysing 
enzymes are : 

(I) Ester- and fat-splittmg enzymes — Upases 
and esterases. 

(II) Carbohydrate- and gly’^coside-sphtting 
enzymes. Invertase or sucrase, maltase, 
amydases and the naturally occmring 
glycoside-splitting enzymes, e.g. amyg- 
dalin, myrosin, etc. 

(Ill) Proteolydic enzymes which hy^drolyse pro- 
teins and polypeptides (for list, see 
Enzyjies). 

AH three groups are of great interest as they 

play an important part in the digestion and 

assjmjlation of food. Many are qlso of value 


in industry, e.g. in the malting of barley where 
the invertase or amylase breaks down the starch 
through dextrins and maltose to glucose. 

As catalysts they differ in several respects 
from the general hy^drolytic catalysts, mineral 
acids and alkalis : 

(1) They are more sensitive to temperature 
differences. The activity of all is destroyed at a 
temperature below 100° and for each there is 
usually an optimum temperature. 

(2) They are also sensitive to the acid or 
alkaline reaction of the substrate and for each 
enzyme very narrow limits of pn giYO the best 
results. 

(3) They are extremely readily’’ poisoned, but 
can ■withstand antiseptics which loll most micro- 
organisms; strong antiseptics such as form- 
aldehy'^de destroy their activity. 

(4) It is not essential that the products ob- 
tained by the two processes should be identical. 
Thus in the case of the inversion of cane sugar 
by invertase the products are a-glucose and a- 
fructose, whereas when mineral acids are used 
the products are equilibrium mixtures of a- and 
)8-glucose and a- and ;S-fructose, as the a-glucose 
and the a-fructose undergo immediate mutaro- 
tation in the presence of the mineral acid. 
Another example of a similar tyq)e is met with 
in the trisaccharide, rafiinose ; when hydrotysed 
by acid this yuelds galactose, fructose and 
glucose, the same sugar with raffinase yields 
melibiose and fructose, and with emulsin it 
yuelds galactose and sucrose. Similarly natural 
products of protein character yield compara- 

j tively simple amino-acids when hy'drolysed with 
acids or alkalis, whereas with enzy^mes more 
complex intermediate products are formed. 

(5) Although the . processes of hy’^droly'^sis by 
acids and by enzy^mes are frequently compared it 
should be borne in mind that the rate at which 
a given substance is hy’drolysed by the two 
different types of catalysts is frequently quite 
different, e.g. sucrose is hy^drolysed by' invertase 
much more readily than by' a A^-solution of 
hydrochloric acid ; -in fact, with a conceiitra’ted 
solution of invertase at 0° the inversion is 
practically instantaneous. 

(6) An important point of difference between 
hy'droly'sis by means of^hcids or alkalis and 
hydrolysis under the influence of enzymes is 
that any particular enzyme has a very restricted 
use as a catalyst or the action of enzymes is 
essentially' selective. Thus lipase can hydrolyse 
esters and not earbohy'drates ; maltase can 
hydroly'se maltose but not sucrose. That a 
slight difference in the configuration of two 
isomeric compounds is sufficient to affect their 
reactivities with a particular enzyme is shown in 
the case of the two stereoisomeric methy'l- 
glucosides and of corresponding a- and |3- 
glycosides (both natural and sy'nthetic). (See 
Fermentation and Glycosides.) 

The lipases, e.g. from castor oU or blood serum, 
hy'drolyse glycerides in three distinct stages 
characterised by three velocity coefficients and 
corresponding w'ith the eh'mination of the three 
acyl groups (Virtanen and Lindeberg, Suomen 
Kem. 1936, 9 B, 2), but do not readily' hy'drolyse 
ethyl esters (Reichel and Reinmuth, Z. physiol. 
Chem. 1936, 244, 78). Hffiereas pancreatic 
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lipase splits both ethyl esters and glycerides 
(Balls and Matlock, J. Biol. Chem. 1938, 123, 
678) but the former less ' rapidly. A careful 
study (Bamann and Rendelen, Z. physiol. 
Chem. 1936, 238, 133 ; c/. ibid. 1933, 222, 121 ; 
Langenbeck and Baltes, Ber. 1934, 67 [B], 
1204) of the splitting of acid esters, dimethyl 
esters and methyl ester amides, 

COgMe-rCHaVCONHa 

of the dibasic acids, malonic to adipic, by pigs’ 
hver esterase and of the effects of altering H+ 
concentration and substrate concentration leads 
to the conclusion that the enzyme binding power 
of the ester group is controlled by the electro- 
chemical nature of the adjoining groups. The 
carboxyl group inhibits the formation of the 
additive compound and can be counteracted or 
restricted by increasing the distance between the 
COgMe and COgH groups, by .esterifying the 
COgH group or converting it into CONHgand 
also by reducing the dissociation of the COgH 
group. 

Pigs’ esterase hydrolyses maleic esters (methyl 
to hexyl) more readily than the isomeric 
fumarates, oleic somewhat more readily than 
elaidic ester but erucic and brassidic esters at 
equal rates (Fabisch, Bioehem. Z. 1931,234', 84). 

Esterases, e.ff. from human liver or pancreas, 
pig’s kidney or hver, are further characterised by 
producing asymmetric hydrotysis with a racemic 
ester, e.y. dl-etbyl mandelate or homologues, as 
one enantiomorph is hydrolysed more really 
than the other (Ammon and Geisler, Bioehem. Z. 
1932, 249, 470; cf. Dawson, Platt and Cohen, 
Bioehem. J. 1926, 20, 536). Similarly the d-form 
of the butyrate of phenylmethylcarbinol, 
CHlVlePh-OH, is hydrolysed more readily than 
the 1-form {ibid. 1932, 247, 113 ; 249, 446). By 
comparing the rates for d-, I- and dl-mandelates 
the ratio is 130;5'5 and with the dl-compoimd 
the d inhibits the hydrolysis of the I (Schwab 
and others, Z. physiol. Chem. 1933, 215, 121). 
Many experiments have been made on the effect 
of adding compounds of different types ; some 
accentuate the difference, others lessen it. 

(7) Enzymes can act not merely as hydrolysing 
but also as synthesising agents. The process 
of hydrolysis is thus, in most cases, a balanced 
reaction, but the equilibrium is mainly in the 
direction of analysis and not synthesis. To 
obtain appreciable synthesis the amount of 
water must be restricted. The synthesising 
activity of an enzyme was first demonstrated by 
Croft HiU (J.C.S. 1898, 73, 634 ; 1903, 83, 578) 
in- the case of maltase. The greater portion of 
the maltose is hydrolysed by the enzyme to 
glucose, but a certain proportion of disaccharide 
is always present. 

A series of alkyl-j3-glucosides and galaetosides 
has been sjmthesised ‘ by Bourquelot using 
emiilsin, and a-glucosides by an enzyme 
extracted from bottom yeast by means of water 
(Ann. Chim. 1913, [viii], 29, 145; 1915, px], 3, 
287; 1915, [ix], 4, 310; cf. also Bayliss, J. 
Physiol. 1913, 46, 236). 

Bayliss has S3mthesised arbutin from quinol 
and dextrose by means of emulsin in the 
presence of glycerol (J.C.S. 1912, 102, i, 328). 
The synthetic action of enzymes in forming 


polypeptides and proteins has also been de- 
monstrated (Abderhalden, ibid. 1915, 108, i 
725). Both glycogen and starch have been 
synthesised from glucose phosphoric acid (Hanes 
Nature, 1940, 145, 335). 

■ Lipases and esterases also have syntbesisinff 
properties ; natural fats have been synthesised 
by the action of lipases on mixtures of glycerol 
and the higher fatty acids in the absence of a 
large excess of water. Esterases can give rise to 
a^mmetric synthesis. The hpolytic enzymes 
present in certain seeds are made use of on a 
commercial scale for the preparation of fatty 
acids from natural fats {cf. Welter, Z. angev. 
Chem. 1911, 24, 385 ; Pottevin, BuU. Soc. chim. 
1906, [iii], 35, 693). For details of the sjm- 
thetic functions of enzymes, see Fekmextatiox, 
Alcoholic. 

In some of these balanced actions between 
carbohydrates or esters and enzymes it has been 
shovm that the equilibrium mixture is the same, 
whether mineral acid or enzyme is used, e.g. 
Visser’s experiments using invertase and emid- 
sin ; in other cases, however, the equilibrium 
mixture with the enzyme is quite different from 
that obtained when an acid is' used, e.g. Dietz’s 
experiments with lipase and isoamjl w-butyrate 
(Z. physiol. Chem. 1907, 52, 279). 

The effects of numerous compounds on the 
hy’^drolytic activity of enzymes have been 
studied and a dOatometric method'for studjnng 
ester formation and hydrolysis by esterase from 
pigs’ pancreas developed (Ammon and Bartscht, 
Bioehem. Z. 1934, 268, 231). 

Glycosidic Enzymes . — ^The rate of hydrolysis 
of phenyl-^-d-glucoside by emulsin is not affected 
by cations, but anions increase the rate and the 
increase varies with the yg value of the medium. 
The chlorate ion can increase it threefold. 
Increasing salt concentration increases the rate 
imtil a maximum is reached and the rate then 
remains constant (Helferich, Schmitz-Helle- 
brecht, Z. physiol. Chem. 1935, 234, 54). The 
enzymatic fission of glycosides is less in DoO than 
in HgO if the enyzme is almost saturated with 
substrate, but if only a small amount of enzyme 
is combined with substrate the rate is more rapid 
in DgO than in water (Salzer and Bonhoeffer, 
Z. physikal. Chem. 1936, 175, 304). 

Amylases , — Calcium chloride accelerates enzy- 
matic amylolysis at certain values of Pa, 
sodium chloride is less active (Baumgarten, Bio- 
chem. J. 1932, 26, 539). Guanidine and creatine 
retard and creatinine accelerates such hj'(frolys^ 
(Mystkovski, ibid., p. 910). Carboxylic acids and 
amino-compoimds retard and various proteins 
and amino-acids retard at values of below 
but activate at values above 4-5 (Filipowicz, 
ibid. 1931, 25, 1874). Dilute potassium cyamde 
or thionone can activate amylase (Borchardt and 
Pringsheim, Bioebem. Z. 1933, 259, 134). ^ 
Esterases and Lipases . — Glick and King (y- 
Biol. Chem. 1931, 94, 497; 1932, 95, 4//; 
Weber and King, ibid. 1935, 108, 131) find that 
n-alcohols have an inhibiting effect on estera.se 
and that the effect increases as the series is 
ascended, but with the isomeric amyl alcohols 
there is a decrease in the effect as the 
hindrance around the OH increase:;; 
secondary alcohols the effect of the steric factor 
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is eclipsed by that of the length of the carbon 
chain. The effect of the salts of fatty acids is 
small in the case of lipase but with esterase the 
effect increases up to ?i-laurate and then de- 
creases almost to zero for palmitate and stearate. 
The effect of the salt of an unsaturated acid is 
greater than that of the saturated compound; 
hexyl and octyl alcohols have greater in- 
hibiting powers than the corresponding sodium 
soaps and there appears to be a relationship 
between their activity and their effects in lower- 
ing surface tension. The butyl ether of glycol, 
unlike the ethyl ethers of both glycol and 
[•CHg'CHgOHJj, is fairly active against 
esterase but not lipase. CN, I, NO 3 , SH, OH, 
Cl, CO, CONHg, NHg, attached to amyl or 
phenyl retard hydrolysis with esterase and 
benzylresorcinol has the greatest effect. The 
above series is similar to the lyotropic series of 
analogous ions in protein dispersion in aqueous 
solution. Glick and King (ibid. 1932, 97, 676) 
find that the hydrolysis of tributyrin by pan- 
creas lipase is accelerated in the decreasing order 
— hexylresorcinol, octyl alcohol, amyl iodide, 
hex3d alcohol, amyl alcohol, phenol, hexoic 
acid, cyclohexanol, resorcinol — and claim to 
demonstrate that the activation is due to con- 
centration of the activator on the substrate 
"resulting in a decrease of interfacial tension 
between enzyme and substrate. Of. also Clark 
and Archibald (Trans. Roy. Soc. Canada, 1932, 
[iii], 26, III, 87). 

VI. TmOHYDEOLYSIS, ALCOHOLYSIS, 

Aoidolysis, Ammonolysis. 

Several types of reactions are analogous to 
hydrolysis and consist in the addition of a 
compound other than water, viz. hydrogen 
sulphide, alcohol or acid, to an ester or similar 
compound and the fission of the compounds to 
simpler compounds. Some of the commoner of 
such reactions are : 

(1) Thio hydro lysis. — Esters of thioacetic 
acid are thiohydi'olysed in liquid hydrogen sul- 
phide into free acid and mercaptan just as 
carboxyhc esters are hydrolysed by water to acid 
and alcohol. The degree of hydrolysis increases 
with the molecular weight of the ester, and even 
at —77° is several times the value for the 
hydrotysis of the corresponding carboxylic ester 
at room temperature (Ralston and WUldnson, 
J. Amer. Chem. Soc. 1928, 50, 2160). 

(2) Alcoholysis. — Reactions in ivliich al- 
cohols play much the same part as water in 
hydrolysis are usually grouped together under 
the name alcoholysis. The reaction -with methyl 
alcohol is termed metJta7iolpsis, and that with 
ethjd ethanolysis. 

The ethanolysis of an acid amide in the 
presence of a mineral acid is analogous to the 
hydrotysis of the amide by dilute mineral acids 
as shown by the two equations : 

RC0NH2-PH-0H = RC00H-1-NH3 

RCONH 2 -pHOEt=RCOOEt-f NH 3 

• The latter reaction has been studied in detail 
by Reed (Amer. Ghem. J. 1909, 41, 483 ; J.C.S. 
1913, 104, 976). The reaction is bimolecular 
as the catalyst is gradually neutralised by the 


ammonia formed in the reaction, and proceeds 
at an easily measurable rate at 50° in the 
case of benzamide. A determination of the 
ratio of k for p- and ?u-nitrobenzamide shows 
that this is 1T6, a value practically identical 
with the ratio for the hydrolysis of the two 
amides. The ratio of the constants for benzamide 
and m-nitrobenzamide varies considerably with 
the concentration of the hydrogen chloride. The 
effect of small amounts of water -on the rate 
of alcoholysis is also marked, just as in the case 
of the esterification of an acid, and similarly 
orl/m- substituents appear to have inhibiting 
effects. The general conclusion drawn is that 
the mechanism of alcoholysis is analogous to that 
of hydrolysis, and consists in the formation of 
salts between the amide and the mineral acid 
and the reaction of the complex cation with the 
alcohol. This alcoholysis occurs between thio- 
amides and mercaptans (Reed, l.c.). 

Another common type of alcoholysis met 
with is the conversion of an ester of a given acid 
into another ester of the same acid by means of 
an alcohol, e.g . : 

R-COOEt-kMeOH ^ R-COOMe-k EtOH 

This change does not take place readily except 
in the presence of a catalyst, the most efiScient 
being sodium alkyl oxide (Purdie, J.C.S. 1885, 
47, 862; 1887,51,627; 1888,53,391; Claisen, 
Ber. 1887, 20, 646), hydrogen chloride (Patterson 
and Dickinson, J.C.S. 1901, 79, 280), sodium 
hydroxide (Henriques, Z. angew. Chem. 1898, 11, 
338 ; Pfannl, Monatsh. 1910, 31, 301 ; Kom- 
nenos, ibid. 1910, 31, 111, 687; 1911, 32, 77; 
Kremann, ibid. 1905, 26, 783 ; 1908, 29, 23) or 
ammonia (Leuchs and Theodorescu, Ber. 1910, 
43, 1239). As a rule only a smalt amount of the 
catalyst need be used, but with the esters of 
aromatic acids saturation with hydrogen chloride 
is necessary. Bellet (Compt. rend. 1931, 193, 
1020; 1932, 194, 1655) working with small 
amounts of sodium hydroxide proved that the 
rate of the reaction is reduced as the solution 
becomes neutral (due to hydrolysis of ester) but 
is increased with rise of temperature ; that higher 
alcohols are readily displaced by lower and that 
tertiary are displaced more readily than primary. 
The reaction appears to be reversible, as it is 
possible to transform an ethyl into a methyl 
and conversely a methyl into an ethyl ester. 
The reaction is not limited to methyl and ethyl 
esters, but can be applied to more complex esters, 
such as benzyl and phenyl, and also to glyceryl 
esters (c/. Haller, ibid. 1906, 143, 657 ; 1908, 
146, 259; Panto and Stritar, Monatsh. 1908, 
29, 299), and is a most convenient laboratory 
method for the conversion of a given ester into 
another ester derived from the same acid.' The 
esters of the great majority of aliphatic and 
aromatic acids react in this manner, but Sud- 
borough and Edwards have shmvn that when the 
esters are derived from dior/7m-substituted 
benzoic acids the transformation cannot be 
effected by using either sodium alkyl oxide or 
saturating with hydrogen chloride and boiling 
for some time. Even when sev^eral substituents 
are present transformation occurs, provided the 
ortho- positions are free. This indicates that the 
transformation of esters under the influence of 
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lij’drogen clilorkle is an<alogous to tlie esterifica- 
tion of an acid by tJie game catal 3 'gt. 

Tin's analogv' has been further confirmed bj- 
determining the rates of aleoljol^ysis of various 
esters, Tiicse changes cannot bo measured b^' 
a simple chemical method ns in the case of 
esterification or hy’droly'sis, but use has been 
made of the volume changes which occur and 
the results obtained by dilatornctric readings 
at constant temperature indicate that with an 
excess of the alcohol and using hydrogen chloride 
as catah-&t the reaction 

Me0H-hRC02Et->Et0H-hRC02Me 

is practicalh' iinimolecubu-. The steric effects 
arc ver^' similar to those met with in the cas-e 
of catal^'tic esterification (Kolhalkar, J.C.S. 
191o, 107, 921). For further analogies between 
esterification and alcohoh'sis, rf. .Sudboroiigh 
and his co-workers (J. Indian Inst. Sci. JOll, 1 , 
107; 1918-20, 2, 121; 1920-21,3,1 ; 1921,4, 
181 ; 1922, 5, 1 ; 192-t. 7, 1) and for alcoholysis 
of ^-ketonic esters, «c Coimor and Adkins (J. 
Amer, Chem. Soc. 1932, 54, 3420), and for use 
of the Grignard reagent, c.g. 

RCOoR'-i-R"OMgBr 

RCOaR"-!- R'O MgBr 

Ivanov and Roustchov (Compt. rend. 1932, 195, 
4G7) who show that the heavy R" can replace 
the lighter R' in the ester and that if R' is aryd 
and R" alplnd, R" partially replaces R' but that 
the reverse process proceeds to a very slight 
extent onh'. The reaction 

CHa-COORFBuOH 

-> CHyCOOBu-fROH 

is catalj’.eed more actively’’ by' hj-drogen chloride 
when R = bomyl, but more actively' by potas- 
sium hydro.xide when R = methyl. 

.Similar transformations can be brought about 
in the case of the alkyl ethers of carbonium 
bases, c.g. 

/CH:CH 
CcH,< I 

\NR'CH'OEt 

(Decker, J, pr. Chem- 1890, [ii], 45, 182), and of 
the oxygen ethers of substituted thiocarbamidcs, 
c.g. 

EtO'CHo-NH-CS-NHPh 

-> MeO-CHj'NH CS-NHPh 

(Johnson and Guest, J. Amer. Chem. Soc. 1910, 
32, 1279 ; c/. Kuntze, Arch. Pharm. 1908, 246, 
110). An interesting case of alcoholysis ob- 
served by Willstatter and StoU (Annalcn, 
1910, 378, 18) is the conversion of amorphous 
chlorophyll into cry-stalline chlorophyll by ethyl 
alcohol in the presence of an enzy'me chloro- 
phyllase, which accompanies chlorophyll in 
plant tissues. The reaction consists in the 
replacement of the complex phytyl group by 
the simpler ethyl group 

C02H-C,iH„gN4Mg(C02Me)(CO„C2oH3B)-fEcOH 

=C2oHssOH COjH -Cjj Mg (COjM e) (COoEt) 

^3) Acidolysis. — Just as an ester reacting 
with an excess of an alcohol in the presence 


of a catalyst can exchange its alkyl group 
?o the same ester in presence of e-xcess of 
an acid and a catalyst can cxchanf'e its acvl 
group : . ° ' 

RCO'OR'-hR"CO‘OH 

->R"COOR'-fRCOOH 

This was first studied by Reid (Amer. Chem. J. 
1911, 45, 479) and subsequently in detail bv 
Sudborough and Karve (J. Indian Inst. Sci. 
1922, 5, 1) for the case of ethyl acetate and 
trichloroacetic acid where the values of/: for the 
direct and reverse reactions are practically the 
same in the absence of a catalyst. 

Mh'th ethyl acetoacctate and different acids 
the rate is not a simple function of the strenedh 
of the acid R'^COaH. The reaction is catalysed 
by HnO and cone. HgSOj, but not by gaseous 
HCI (Cherbulicz and Fuld, Arch. Sci. phys. nat. 
1938, [v], 20, Suppl. .52). 

A series of experiments by Sowa (J. Amer. 
Chem. Soc. 1938, 60, 6.54) using as catalyst 
BF 2 , 2 AcOH at 100 ° shows that a-propyl, 
a-butyl and ?/!opropyl esters of propionic, 
benzoic and salicydic acids yield the cone- 
sponding acetates and that the yields are mnch 
smaller with isopropyl, scc-butyl and terf- 
butvl esters. A comparison of the catalysts, 
HgSO.,, ZnCU, BF 3 and BHFaCOHlj gives 
the percentage yields of n-butyl acetate as 20 , 
31, 40 and 60 respectively'. 

(4) Ammonolysis. — ^This term is sometimes 
applied to the reactions in wliich halogen atoms, 
sulpbonic groups or alkyloxy-groups are replaced 
by' NHj by' using liquid ammonia or ammonia 
under prc.«sure. With esters ammonium 
chloride acts as a cataly'st and the effect of R in 
CHjR-COoEt is shown to be 

CN>C0'NH2>C02Et>0Et>Ph>H 

(Audrieth and Ivleinberg, J. Org. Chem. 1938, 3, 
312). Wany' comi^ounds are electrolyses in hquid 
ammonia (Groggins and Stirton, J. Ind. Eng. 

Chem. 1933, 25, 42, 169, 274). 

■ J. J. o. 

HYDROMAGNESITE. Hydrated basic 
carbonate ot magnesium, 

3MgC03-Mg(0H)2,3H20, 

occurring as small, acicular or bladed (ortho- 
rhombic or raonoclinic) crystals, but more often 
as white, earthy' or chalky masses. It is a 
mineral of secondary origin, and usually oMurs 
as veins in serpentine, from which it has been 
derived. It is softer and less heavy (sp-gr. 
2-16) than magnesite. When calcined it can 
be used for the same purposes as magneshe. A 
large deposit is quarried at Atlin, in Bntis 
Columbia (for analyses, see G. A. _Toung, 
Sum. Rep. Geol. Survey', Canada, 1915) ; cna 
there is a considerable quantity' avahahle at a 
spot 93 miles north of Ashcroft, in the lillooet 
district of British Columbia. Several occur- 
rences are kno^vn in California. It is foun 
with the massive magnesite of Euboea in Greece. 

L. J. b. 

” HYDRONALIU/A ” {v. Yol. I, 2536). 

HYDRON YELLOW G (a. Vol. I, 4236). 
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“ HYDROPYRIN.” Trade name for lithium 
acetylsalicylate, which is claimed to ho more 
soluble than aspirin and to combine the advan- 
tages of lithium salts and a specific for rheu- 
matism. 

H YDROQU I N EN E (v. Vol. Ill, 167c). 

HYDROQUINICINE (c. Vol. Ill, 166c). 

HYDROQUIN ID! N.E (v. Vol. Ill, 164d). 

HYDROQUININE (v. Vol. Ill, 166a). 

HYDROQUININONE (d. Vol. Ill, 167a). 

HYDROQUINONE, QUINOL, l;4-di- 
hydroxybenzene. The p-dihydroxy-derivatives 
of benzene and its homologues are readily 
oxidised to quinones and termed hydroquinones : 


HC 


COH 

'^CH 


HC 


CH 

COH 


CO 




HC 

CH 

11 

1! 

HC 

CH 



The oxidation is effected by nitric acid, chlorine* 
persulphate and other oxidising agents. A 
peculiarity of the reaction is the formation 
of a “ half-way stage ” in the oxidation. This 
highly coloured molecular compound of hydro- 
quinone and quinone is called quinhydrone ; it 
finds important applications in potentiometric 
and conductometric titrations. It has been sug- 
gested that it is a “ zwitterion ” between the 
benzenoid and quinonoid forms (Sidgwiok, 
“ Organic Chemistry of Nitrogen,” 1937). 
Its autoxidation has been studied by R. Dubrisay 
and A. Saint-Maxen (Compt. rend. 1929, 189, 
694), A. Saint-Maxen (ibid. 1930, 191, 212) and 
T. W. Evans and W, M. Dehn (J. Amer. Chem. 
Soc. 1930, 52, 3204). 

Hydroquinone occurs naturally, and by 
hydrolysis of natural products such as arbutin. 

It is prepared synthetically by oxidation of 
phenol with alkaline permanganate (G.P. 
81068) or with hydrogen peroxide (G. G. Hender- 
son and R. Boyd, J.C.S. 1910, 97, 1666), but in 
the laboratory it is usually prepared from anUine 
as follows : 25 g. of sodium dichromate dissolved 
in 100 ml. of water are added dropwise to 25 g. 
of aniline dissolved in 200 g. of concentrated 
sulphuric acid and 600 ml. of water, keeping 
the temperature below 100°C. The mixture at 
first becomes green, and towards the end of the 
reaction blue-black in colour. After standing 
overnight a further 50 g. of sodium dichromate 
in 200 ml. of water are added to the cooled 
solution. Most of the precipitate then dissolves, 
giving a turbid mixture containing quinone 
and quinhydrone in suspension. Sulphur dioxide 
is passed through, the suspended matter filtered 
off and the hydroquinone extracted from the 
filtrate with ether, which is subsequently 
distilled off. The product is purified by dis- 
solving in the smallest, quantity of hot water, 
a little sulphur dioxide passed through, boiled 
with charcoal, filtered and allowed to ciystaUise 
(L. Gattermann, “ Die Praxis des organischen 
Chemikers,” 12 Auf. 1914, pp. 249, 253). 

Hydroquinone may also be prepared bj*^ "heat- 
ing p-clilorophenol to a high temperature, under 
pressure, with the addition of copper (G.P. 
269544). An improved preparation of hydro- 


quinone from quinhydrone is given in G.P. 
380503 ; for the electrolytic reduction of quinone 
to h 3 *droquinone, see Seyewetz and Miodon, Bull. 
Soc. chim. 1923, [iv], 33, 449. 

Hydroquinone is dimorphous, the stable form 
crystallising from water, the labile form being 
obtained by sublimation, m.p. 170-3°, b.p. 285° ; 
sublimation commences about 10° below the 
melting-point. It is soluble in alcohol, ether 
and in hot water. Ferric chloride oxidises it to 
quinone and quinliy drone. In aqueous solution 
it gives no precipitate with lead acetate. Its 
allcaline solution darkens on exposure to air, 
and it reduces Fehling’s solution in the cold and 
ammoniacal silver nitrate on warming. When 
heated with phthalic anhydride and zinc 
chloride it is converted into the colourless hydro- 
quinonephthalein (F. Grimm, Ber. 1873, 6, 
506). 

Hydroquinone condenses with amylene in the 
presence of sulphuric and acetic acids to give 
di-*soamylhydroquinone (W. Koenigs and C. 
Mai, ibid. 1892, 25, 2650). 

The very valuable property of hydroquinone 
of inhibiting oxidation, particularly of alde- 
hydes, has been studied by C. Moureu and C. 
Dufraisse and others (Compt, rend. 1924, 179, 
1229 ; Bull. Soc. chim. 1924, [iv], 35, 1564) (see 
Vol. V, 306a). 

HYDROQUINONE ETHERS. The 
methyl and ethyl ethers of hydroquinone have 
recently found considerable use in perfumery. 
The ethyl ether is prepared by heating p- 
diazophenetole sulphate with dilute sulphuric 
acid, or by boiling hydroquinone with ethyl 
iodide and potassium hydroxide imder a reflux 
condenser. It forms colourless needles molting 
at 66° and boihng at 247°. The dimethyl ether 
is a modern synthetic having a powerful odour 
resembling coumarin, and is employed in per- 
fumes of the new-mown hay type. It forms 
colom-less crystals melting at 55-56°. 

E. J. P. ' 

H YDROQU I NOTOXINE (v. Vol. Ill, 
166c). 

HYDROX POWDER (v. Vol. IV, 562fl!). 

HYDROXYACETOPHENONES, o- 

Ilydroxyacetophenone, HO-CgH^-CO-CHg. Pre- 
pared from phenol and acetic acid by heating 
with zinc chloride (H. Pauly and K. Lockemann, 
Ber. 1915, 48, 30) ; together with p-hydroxy- 
acotophenone by the rearrangement of phenyl 
acetate with aluminium chloride (K. Fries and 
W. Pfaffendorff, ibid. 1910, 43, 216) ; and by 
heating diazotised o-aminoacetophenone pre- 
pared from o-nitrophenylpropiolic acid (P. 
Friedlaender and J. Neudorfer, ibid. 1897, 30, 
1080). It is an oil, b.p. 106-107°/17 mm., 93- 
97°/10 mm. Acetyl derivative, m.p. 89°. 

m-Hydroxyacetoplienone . — ^Prepared from m- 
nitroacetophenone through the diazo-compound 
(BigineUi, Gazzetta, 18^94, 24, i, 440; E. 
Besthom, E. Banzhaf and G. Jaegle, Ber. 1894, 
27, 3042), m.p. 90°. 

p- Hydroxy acetophenone, m.p. 108°. — ^Prepared 
from p-acetylanisole, by demethylation with 
hydrogen bromide (Charon and Zamanos, 
Comiff. rend. 1901, 133, 742). 

Eesacetophenone, 2.-4-dihy'droxyacetophenone. 

— ^Prepared from resorcin and acetic acid by 
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heating irith zinc chloride at 145-150° dsTcncki 
and Sieber, J. pr. Chem. 1881, [ii], 23, 147), 
m.p, 142°C. Ferric chloride gives a wine-red 
colour with the aqueous solution. 

Z:5-Diliydroxyaceloplianone. — Obtained by dc- 
inethylation of the dimethjd ether with alu- 
minium chloride in chlorobenzene solution 
(Mauthner, ibid. 1927, [ii], 115, 274). 

2-.5-DihydroxyaceiopTienone. — May be prepared 
by heating 1 part hydroquinone with 1^ parts 
acetic acid and 11 parts zinc chloride at 140-145° 
(Xcncki and Schmid, ibid. 1881, [ii], 23, 546). 
Also by the rearrangement of hydroquinone 
diacetate (K. W. Eosenmund and H. Lohfert, 
Ber. 1928, 61 [B]. 2605; K. W. Stoughton, E. 
Baltzly and A. Bass, J. Amer. Chem. Soc. 1934, 
56, 2007). M.p. 202°. Crj’stallises from ■water 
in yellow-green ci^-stals. 

Oallacelophenone (2:3:4- trih 3 'drox 3 *aceto- 
phenone). — Prepared by^ condensation of p 3 *ro- 
gallol •nith acetic acid using zinc chloride (Nencki 
and Sieber, J. pr. Chem. 1881, [ii], 23, 151, 538). 
Also from acetyl chloride (0‘23 parts) and p 3 'ro- 
gaUol (10 parts) b 3 ’ heating on a water bath 
(A. Einhom and F. Hollandt, Annalen, 1898, 
301, 107; E. Fischer, Ber. 1909, 42, 1015). 
^r.p. 173°. Crystalhses from water. 

H YDROXY-AC 1 DS .—The h 3 -droxy-acids 
are derived from the carbo.vylic acids by replace- i 
ment of one or more hydrogen atoms in the 
hydrocarbon radical of the acid ly one or more 
h 3 ’droxyl groups. The nomenclature is similar 
to that of the carboxylic acids (q.v.), for 
example, lactic acid, CHa-CH (OH)COOH, 
ma 3 * be called “ a-h 3 ’drox 3 'propionic acid ” or 
“ propan-2-ol-l-oic acid.” 

Meihod.s of Synthesis. — The s 3 'ntheses fall into 
three divisions ; (I) introduction of the carboxyl 
group into the alcohol or phenol ; (II) introduc- 
tion of the h 3 -droxyl group into the carboxylic 
add ; and (III) the simultaneous introduction of 
both h 3 ’drox 3 'l and carboxyl group into the 
h 3 'drocarbon molecule. 


tetrachloride and caustic potash (K. Eeimer and 
1876, 9, 1285; G. Basse ibid 
18/ /, 10, 2186 ; G.P. 258887, using 40% caustic 
potash and copper powder). 

(v) By hycbol 3 ^sis of the h3'droxv- cyanide 
e.g. hydracrylic acid, HO-CHg-CH“ -COOH 
may be obtained by treating ^g-ehloroetlivl’ 
alcohol mth potassium cyanide and hydrolvsmc^ 
the mtnle \vith caustic soda solution (J.'Wis” 
hcenus, Annalen, 1863, 128, 4; 1873, 167, 346- 
see, however, Erlenmeyer, ibid. 1878, 191, 278)! 


II. Ikteodtjctiox of HyDEOXYL Geoup 
rxTO THE Caeboxylic Acid. 

(i) Aldo- acids and keto-acids can be reduced 
with sodium amalgam or with zinc and hydro- 
chloric or sulphuric acid, e.g. lactic acid from 
P 3 woracemic acid. Glycollic acid nia 3 ' be 
obtained by the reduction of oxalic acid with 
zinc (-4. H. Church, J.C.S, 1863, 16, 302). 

(ii) The most important method is by the 
replacement of halogen by hydroxyl in halogeno- 

I carboxylic acids by means of a metal oxide or 
h 3 Ylroxide, e.g. silver oxide or alkali h 3 'droxide. 

I Water is often sufficient to replace a labile 
halogen atom without the use of metal hydroxide, 
^•9- gb'coliic acid from monochloroacetic acid 
(G. C. Thomson, Annalen, 1880, 200, 76): 
hydraczy^lic acid from ^-hromoyropionic acid 
(W. Lessen and E. Kowski, ibid. 1905, 342, 
128) ; y-butxTolactone from y-chlorobntyric 
acid (Henry, Bull, Soc. chim. 1886, [ii], 45, 341). 

(iii) Treatment of the amino-acids •with 
nitrous acid (NaN02-fHCl),followed by wann- 
ing in the case of aromatie amines, replaces the 
NHg group by OH, e.g. glycollic acid from 
gl 3 'cine, and salicylic acid from anthranific acid. 

(iv) B 3 ’^ treating unsaturated acids wi]h 
hy’^drobromic acid or with dilute sulphuric acid. 
e.g. y-valerolactone from allylacetic acid. 

III. SrSIT7I.TAXEOUS IXTEODtJCTIOX OF BOTH 
Hydeoxyl axd Caeboxyl Gboups. 


I. IXTEODHCnOX OF THE CaEBOXYI. GbOHP 
rsTo THE Alcohol ob Phexol. 


(i) Glycols, diprimaiy, primary' secondary' and 
primary' , tertiary, may be oxidised by dilute 
nitric acid or platinum black and air to the 
hydroxy-acid, e.g. propylene glycol to glycollic 
acid (A. Wurtz, Annalen, 1858, 105, 206; 107, 


192). 

(ii) By fusing the homologous phenols 
alkalis when the alkyl group attached to the 
nucleus is oxidised to a carboxyl group. Sabcy'uc 
acid is obtained by heating o-cresol inth 

soda with the addition of copper oxide at 260- 
270°, manganese at 250° or iron osde^at 300 
(G.P. 170230; Chem. Zentr. 1006, II, 4/1). 

(iii) Oxidation of phenolic aldehydes with 
alkaU, e.g. salicylic acid from sahcylaldehyde. 
The phenoli'c aldehydes may be prepared by the 
method of Tiemann and Eeimer (see ^^er- 

mann, “Die Praxis-des ■ orgaimchen (Chemi- 

ker“ 12 Aufl., 19f4, p. 318, Leipzig). 

*„+,.o.,l,1or;de condenses 


with 



piydroxybLzoic acid from phenol. 


carbon 


(i) Hydrogen cy'anide followed by hydro- 
chloric acid on aldehydes and ketones as well as 
on ethylene oxides gives finally an acid with 
the hydroxy'I group in the a-position to the 
carboxyl group in the case of aldehydes and 
ketones. 

R-CO'R'-f HCN ->RR'C(OH)CN 

->RR'C(0H)C02H 

The cyanohy'drin first formed is hydrolysed 
to the acid by hydrochloric acid. In the pre- 
paration of mandelic acid, benzaldehy'de bi- 
sulphite compound is treated •with sodium 
cyam'de and the mandelonitrile hydrolysed •with 
concentrated sulphuric acid (“ Organic Syn- 
theses,” CoU.' Vol. I, New York, 1932, p. 329). 
Other preparations are those of lactic acid from 
acetaldehyde (Simpson and Gautier, Compt. 
rend. 1867, 65, 416), and hydracrylic acid from 
ethylene oxide (Erlenmeyer, Annalen, 1878, 
191, e78). 

(ii) By fusion of the arylsulphonie acid ■with 
alkalis, e.g. salicylic acid from o-toluenesxd- 
phonic acid (Wolkow, Z. Chem. 1870, 326). 

(iii) By passing air at 160° through paraffin 
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wax (m.p. 52°), mixtures of hydroxy-acids are 
produced, e.g. 


^13-17 1^26-34 


(OH)COOH and 

C 35 H 69 ( 0 H)C 00 H 


(P. P. Schorigin and A. P. Kreshkov, Amer. 
Chem. Abstr. 1934, 28, 6106 ; 1935, 29, 2147). 

Properties. — The hydroxy-acids are divided 
into two classes, the alcohoho acids and the 
phenolic acids, having some properties in com- 
mon, such as the replacement of the hydrogen 
of the hydroxyl group by metals or alkyl groups. 
In the case of alcohols, alkali metal is necessary, 
but caustic alkali will replace the more acidic 
hydrogen of the phenol. Acid chlorides replace 
the hydroxyl hydrogen of the phenol or alcohol 
giving the corresponding ester. The carboxyl 
group yields the normal ester, amide, nitrile 
and salts. 

In the ahphatie series hydriodic acid reduces 
the hydroxy-acids to the corresponding fatty 
acid, e.g. propionic acid from lactic acid. The 
ahphatie hydroxy-acids are in general more 
soluble in water but less so in ether than the 
corresponding fatty acids and are less volatile 
and cannot as a rule be distilled. On oxidation 
or by the appheation of heat the aliphatic 
hydroxy-acids show different properties accord- 
ing as they are a-, or y-hydroxy-acids, e.g. 
hydraorylic acid, a primary hydroxy-acid, 
HO-CHj'CHj’COOH, yielcR semi-malonic 
aldehyde and malonic acid as primary products. 
Secondary hydroxy-acids, e.g. lactic acid, 
CHj'CH (OH)COOH, yield ketonic acids. 
The 'a-ketonic acids change to aldehyde and 
carbon dioxide, e.g. 


CH3 CH{9H)C00H -^CHg CO COOH 

Lactic acid. Pyruvic acid. 

-> CHg CHO-fCOa 

Acetaldehyde. 


Tertiary a-hydroxy-acids yield ketones, e.g. 
a-hydroxyisobutyric acid, 

(CHg) 2 C{OH)COOH ->CHg CO-CH 3 


a-Hydroxy-acids on heating lose water and 
become cyclic 'double esters — the lactides, e.g. 
lactic acid gives 


CH„— CH— 

/ 

O 

\ 


CO 

\ 

o 


CO— CH— CHg 


lactide. 


jS-Hydroxy-acids lose water and become un- 
saturated acids, thus hydracryhc acid becomes 
acryhc acid. 

y- and 8-Hydroxy-acids lose water at the 
ordinary temperatme and change more or less 
completely into simple cyclic esters — ^the lactones. 

CHg-CHg^ 

CO 

CHg— O— / 

y-Butyrolactone. 


This property is shared by some phenolic acids 
such as coumaric acid which gives 

*4 


Coumarin. 

The phenohe acids decompose into the 
phenol and carbon dioxide when distilled with 
soda-hme. The o-acids give a deep violet colour 
with ferric chloride, and are volatile in steam, in 
contrast to the m.- and ;p-acids which are not 
volatile and give no distinctive colour with 
ferric chloride. The m-acids are the most 
stable and are converted into hydroxyanthra- 
quinones when heated with concentrated sul- 
phuric acid. Boiling hydrochloric acid decom- 
poses the ^-acids into COg and phenols. 
S. lirishna and F. G. Pope (J.C.S. 1922, 121, 798) 
find that the action of potassium iodide and 
iodate on some aromatic hydroxy-acids is to give 
the tri-iodophenol, the carboxyl group being 
eliminated. Thus salicylic acid and p-hydroxy- 
benzoic acid both give 2:4:6-tri-iodophenol ; 
3- or 5-nitrosalicyhc acid gives tri-iodonitro- 
phenol and 3:5-dinitrosalicyIio acid gives tri- 
iododinitrophenol. (See Cabboxylio Acids, jS- 
HYDROxyBUTYRic AciD and Hydeoxysteakic 
Acids.) 

a- and jS-HYDROXYANTHRAGALLOL 
{v. Vol. I, 212d). 

HYDROXYANTHRAPURPURIN (u. 

Vol. I, 213a). 

jS-HYDROXYANTHRAQUINONE (v. 
Vol. I, 2l2d). 

HYDROXYANTHRARUFIN (v. Vol. I, 

224c). 

)3-HYDROXYBUTYRIC ACID, 

CH3CH(0H)CH2-C00H. 

Prepared by the reduction of acetoacetic ester 
with sodium amalgam (J. WisUcenus, Annalen, 
1869, 149, 205) ; or by the action of potassium 
cyanide on a-propylenechlorohj'drin and hydro- 
lysis of the resulting nitrile (W. Markownikoff, 
ibid. 1870, 153, 237). It is a thick syrup volatile 
in steam and decomposes on heating into water 
and crotonic acid. It has been resolved into 
its optical enantiomorphs by means of the 
quinine salts (A. McKenzie, J.C.S. 1902,81, 1402). 
L^-Hydroxybutjrric acid occurs in the urine in 
considerable quantities in cases of diabetes 
melKtus and is the source of acetone in the urine. 
For its detection in urine, see Molhant (BuU. 
Soc. chim. Belg. 1924, 33, 261) ; Bierry and 
Moquet (Compt. rend. 1924, 178, 816 ) ; Engfeldt 
(Biochem. Z. 1924, 144, 556 ; c/. Lubhn, ibid. 
1924, 147, 187, and Goldblatt, Biochem. J. 1925, 
19, 626). 

HYDROXYCHRYSAZIN (v. Vol. I, 
212d). 

HYDROXYCITRONELLAL. This valu- 
able synthetic perfume is a somewhat variable 
commercial product, in which citronellal hydrate 
predominates. It is very liable to polymerisa- 
tion and should be stored in full containers in the 
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dark. The main constituent has tAe followin 
constitution : 

IVIe2C:CH-CH2*CH2-CHIVIe-CH2-CH(OH)2 

The best commercial samples have about 
0-930 ; optical rotation -f8° to +10°; • 
1.448-1-455. 

It is a viscous liquid vdth a fine lily of the 
valley note, and is valuable in muguet, hyacinth, 
narcissus, sweet pea and lily of the valley 


E. J. P. 
(v. Vol. 


nerfumes. 

HYDROXYEREMOPHILONE 
£V, 324c). 

a-HYDROXYETHYLANILINE, 

PhNH-CHa-CHg-OH. 

Prepared by heating equimolecular quantities 
of aniline and ethylene chlorohydrin under pres- 
sure at 110° (Knorr, Ber. 1889, 22, 2092), or by 
boiling under a reflux aniline (2 mols.) and 
ethylene chlorohydrin (1 mol.) mth water (G.P. 
163043). It has h.p. 286°, 167717 mm.; 
d° 1-11, is slightly soluble in water, readily so in 
alcohol and ether; it yields indoxyl on fusion 
with alkali. 

HYDROXYFLAVOPURPURIN (v. Vol. 
I, 212d). 

^-HYDROXYGLUTAMIC ACID (v. Vol. 

I, 3180). 

HYDROXYLAMINE, NHgOH. Dis- 
covered by W. Lessen (i^alen, Suppl, 1868, 
6, 220) in 1865, but only known in the form of 
its salts or in aqueous solution until 1891. 

It • may conveniently be prepared in the 
laboratoiy by the foUo-vving method : 2 mol. of 
commercial sodium nitrite in concentrated 
aqueous solution and 1 mol. of sodium car- 
bonate are kept at —2° to —3° with constant 
stirring, and sulphur dioxide passed in until 
just acid. The solution is warmed gently with a 
few drops of sulphuric acid and kept at 90-95° 
for 2 days. It is then neutralised with sodium 
carbonate, concentrated by evaporation to 
10^11 times the weight of nitrite taken and 
sodium sulphite allowed to ciystallise out by 
'’ooling. Hydroxylamine sulphate left in the 
mother liquor may be purified by crystallisation 
(E. Divers and T. Haga, J.C.S. 1887, 52, 661 ; 
1896, 70, 1665). Eor a modification of this 
process giving a 70% yield of the pure hydro- 
chloride, see Organic Syntheses, 1923, lU, 65. ' 

Much work has been done on the electrolysis 
of nitric acid, nitrous acid and other derivatives 
to produce hydroxylamine salts (G.P. 133457, 
137697; J.S.C.I. 1902,' 21, 1458; E.P. 322943; 

J. S.C.I. 1903, 22, 425 ; J. Tafel, Z. anorg. Chem. i 
1902, 31, 289 ; E. P. Schoch and R. H. Pritchett, 
J, Amer. Chem. Soc. 1916, 38, 2042). J. I 
Stscherbakow and D. Libina (Z. Elektrochem. j 
1929, 35, 70, 826) and G. Ponzio and A. Pichetto 
(Annah Cbim- AppL 1924, 14, 250) have studied 
the electrolytic reduction of nitric acid to 
hydroj^lamine. 

It may also be prepared by the reduction of 
nitric acid v-ith metals under suitable con- 
ditions (E. Divers, J.C.S. 1883, 43. 443 ; 1S85, 
47, 597). Nitrates, nitrites, nitro-bodies, etc., 
in neutral solution are reduced by finely divided 


metals to give hydroxylamine (B. P. 11216/1894 • 
J.S.O.I. 1895, 14, 595). 

Catalytic methods include the reduction of 
nitric acid by hydrogen in the presence of 
spongy platinum at 115-120° (A. Jouve, (k)mpt. 
rend. 1899, 128, 435). 

To isolate free hydroxylamine, the hydro- 
chloride is dissolved in methyl alcohol and 
sodium methoxide in methyl alcohol added. 
The sodium chloride is filtered off and the 
alcohol removed by distillation under reduced 
pressure. Hydroxylamine distils at about 
70°/60 mm., and about 58°/32 mm. Vaseline 
may be added to inhibit frothing during distil- 
lation, and care should be taken to exclude air 
as at 60-70° explosive mixtures maj' be formed 
(C. A. Lobry de Bruyn, Rec. trav. chim. 1891, 
10, 100; 1893, 11, 18; J. W. Bruhl, Ber. 1894, 
27, 1347). L. Crismer obtained the anhydrous 
substance by passing ammonia through the 
complex salt, dihydroxylamine zinc chloride, 
ZnCl2,2NH20H, distilling oS first the solvent 
ether and then the hydroxylamine (Bull. Soc. 
chim. 1891, [iii], 6, 793). R. Uhlenhuth 
(Annalen, 1900, 311, 117) obtained it by dis- 
tillation of the phosphate under reduced pres- 
sure. 0. Baudisch and F. Jenner (Ber. 1916, 49, 
1182) added the dry, finely powdered sulphate 
to Hquid ammonia in a quartz tube, removed 
the ammonia and extracted the hydroxylamine 
with alcohol. Owing to the danger from explosion 
attending the distillation of hydroxylamine, 
H. Lecher and J. Hofmann (ibid, 1922, 55 [B], 
912) prepared the free base by suspending the 
hydrochloride in absolute alcohol, adding a 
solution of sodium ethoxide in absolute alcohol, 
filtering off the sodium chloride and cooling 
the filtrate to —18° when NH2OH crystallised 
out. 

Hydroxylamine forms white inodorous scales 
or hard needles, sp.gr, about 1-3, m.p. 33°, b.p. 
56— 57°/22 mm. When kept at ordinarj-^ pres- 
sures above 15° hydroxylamine darkens; at 
higher temperatures explosion is likely to occur. 
Readily soluble in water and to a less extent m 
ethyl and methyl alcohols, and in boiling ether. 
It is decomposed by alkali giving nitrogen, 
nitrous oxide, nitrous acid and water (S- “- 
Kolotoff, J. Russ. Phys. Chem. Soc, 1891, 23, 
3). The aqueous solution is colourless and 
odourless and has a strongly alkaline reaction. 
In many of its properties hydroxylamine re- 
sembles ammom'a but it is less basic. I'or 
example, Zn, Fe, Ni, Al, Cu, are precipitated 
from their soluble salts as h3'dro.xides insoluble 
in excess, but the alkaline earths are not pre- 
cipitated, It acts as a strong reducmg agent, 
e.p'. with CUSO4 solution red CUgO is precipi- 
tated, HgCi2 is reduced to HgjCL and Ag, Au, 
and Pt are precipitated from their salts, in 
alkaline solution it converts ferrous to feme 
hydroxide, whilst in acid solution it reduces 

ferric to ferrous salts. , , 

The salts of hydroxylamine are readily soluble 
in water and alcohol, ci^-stallise well and arc 
anhydrous. The three hyifrogen 
hydro.xvlamine are replaceable 

acid groups, e.ff. fiiS-bydroxylamincd^ulphon 

acid (SOjHloN-OH (Bascbig, 

12, 219), the alkali salts of which are stabi . 
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For the ajS^-trisulphonic acid derivative, 
(S 03 H) 2 N- 0 -S 03 H, and the aj5-disuIphonic 
acid (or fsodisulphonic acid) 

SOgH-NHOSOgH, 

see F. Raschig, Ber. 1923, 56 [B], 206. 

Hydroxylamine hydrochloride or 

{S 03 Na) 2 N- 0 H 

reacts with furfuraldehyde at 155-160° under 
pressure to give 2:5-dihydroxypyridine (K. Aso, 
A. 1939, II, 386). Complex salts analogous to 
the amines have been prepared (Goremikin and 
Gladishevskaja, A. 1939, 1, 533). 

Hydroxylamine and its salts have been used 
as photographic developers and for recovering 
silver from fixing baths (Lainer, J.S.C.I. 1890, 
9, 890) ; as a substitute for chrysarobin and 
pyrogallic acid (Schwarz, Pharm. Ztg. 33, 659). 
Manganese brown has been discharged by appli- 
cation of the hydrochloride (Schaeffer, Bull. 
Mulhouse, 1883 ; see also J.S.C.I. 1884, 3, 166). 

Hydroxylamine has been reported in the cells 
of Ghlorella, formed under ordinary conditions 
of growth (D. Miclilin, A, 1938, III, 1062). Its 
formation in culture media from the reduction 
of nitrates by micro-organisms has been reported 
(J. Blom, Biochem. Z. 1928, 194, 385). See also 
papers by M. Lemoigne, 'P. Monguillon and R. 
De'sveaux (Bull. Soc. Chim. biol. 1938, 20, 441) 
on hydroxylamine in biological processes. 

It is used for preparing oximes of aldehydes 
and ketones. Aldoximes are usually prepared 
by adding the aldehyde (1 mol.) to an aqueous 
solution of hydroxylamine hydrocldoride (1 
mol.) and sodium carbonate (1^ mol.). Aqueous 
alcohol is used for water-insoluble aldehydes. 
Ketoximes are somewhat more difficult and are 
prepared by heating the calculated quantity of 
ketone, hydroxylamine hydrochloride , and 
sodium acetate in aqueous or alcoholic solution 
1-2 hours on a water bath. Also by heating the 
ketone dissolved with alcohol, and NHgOH- 
HCI, in a sealed tube for 8-10 hours at 160- 
180° (I. Schmidt Houben, “ Die Methoden der 
organischen Chemie,” 3 Aufl. 1930, 584). Cer- 
tain oximations may be carried out by the use 
of sodium hydroxylamine monosulphonate, 

HO-NH-SOgNa. 

For a laboratory preparation of this reagent, 
see Organic Syntheses, 1930, X, 23. For the 
determination of the aldehyde in oil of citronella 
with hydroxylamine hydrochloride, see Vol. Ill, 
191c. For the use of hydroxylamine in the 
determination of camphor, see Vandoni and 
Desseigne, BuU. Soc. chim. 1935, fv]. 2, 1685. 

Detection and Estimation. — Hydroxylamine 
may be detected by its reducing properties on 
silver nitrate, and Fehling’s solution. By 
adding sodium nitroprusside to a neutral solu- 
tion and a little caustic soda, a magenta-red 
coloration is produced (A. Angeli, Gazzetta, 
1893, 23, ii, 102). It 5 delds -benzhj'droxamic 
acid on treatment with sodium acetate and 
benzoyl chloride and this gives a violet-red 
coloration with ferric cldoride (E. Bamberger, 
Ber. 1899, 32, 1805). As little as 0-0001 g. can 
be detected colorimetrically by means of p- 
broraonitrosobenzene and a-naphthol (J. Blom, 


Biochem. Z. 1928, 194, 385). Another sensitive 
test depends on the formation of a fugitive 
purple coloration on treatment with yellow 
ammonium sulphide and excess of ammonia 
(W. M. Fischer, Chem.-Ztg. 1923, 47, 401). 
An ammoniacal solution of diacetylmonoxime 
wth hydroxylamine forms dimethylglyoxime 
which can be identified by its reaction with 
nickel salts. Hydroxylamine gives with resor- 
einol and potassium periodate in solution 
buffered to p^ 2, a stable cherry-red colour — 
reported sensitivity 1 part per million (G. G. Rao 
and W. V. B. S. Rao, Analyst, 1938, 63, 718). 

It may be estimated by titration in alkahne 
solution with mercury acetamide, which is 
reduced to metallic mercury (M. 0. Forster, 
J.C.S. 1898, 74, 785) ; by oxidation with vanadic 
sulphate, measuring the nitrogen evolved and 
titrating the vanadous sulphate with potassium 
permanganate (K. A. Hofmann and F. Kiispert, 
Ber. 1898, 31, 64) ; also by adding excess of 
standard titanium trichloride and back-titrating 
the excess with potassium permanganate 
(A. Stabler, ibid. 1904, 37, 4732; ibid. 1909, 42, 
2695). Of three methods investigated by 
W. C. Bray, M. E. Simpson and A. A. MacKenzie 
(J. Amer. Chem. Soc. 1919, 41, 1363) the two 
following methods were found to be accurate : 
(1) Reduction to ammonia by excess of titanous 
salt in acid solution, and (2) oxidation to nitrous 
oxide by excess ferric sulphate in sulphuric acid 
solution with subsequent titration of the ferrous 
salt with permanganate. Also it may be esti- 
mated by adding an excess of O-lYKBrOg 
solution and sulphuric acid, and after hour 
adding potassium iodide solution and titrating 
the liberated iodine with sodium thiosulphate 
(A. Kurtenacker and J. Wagner, Z. anorg. 
Chem. 1922, 120, 261). 

For the colorimetric determination, see W. 
Pucher and H. A. Day (J. Amer. Chem. Soc. 
1926, 48, 672). The method depends on Bam- 
berger’s benzhydroxamic acid reaction with 
ferric chloride {v. supra). For the determination 
of small quantities of the order of 1 mg. in 4 c.c., 
the hydroxylamine is oxidised by iodine to 
nitrous acid which is determined photometrically 
by the diazo-method,' using sulphanihc acid and 
j3-aminonaphthalene in acetic acid. Error 
±2-3% for 0-1-0-2 x lO-o g. in 10 c.c. The 
method can be extended to solutions containing 
nitrite and nitrate (G. Endres and L. Kauf- 
mann, Annalen, 1937, 530, 184). Hydroxylamine 
has also been determined eoulometrically (L. 
SzebeUedy and Z. Somogyi, Z. anal. Chem. 1938, 
112, 400). 

Ethylhydroxylamines v. ETiivn. 

jS-Phenylhydroxylamine, NHPh-OH. — 
This compound maybe prepared by the reduction 
of nitrobenzene with zinc dust in ammonium 
chloride solution (C. S. Marvel and 0. Kamm, 
J. Amer. Chem. Soc. 1919, 41, 279 ; Organic 
Syntheses, 1932, CoU. Vol. 1, 435, yield 
62-68%). Consistently good yields are obtained 
if the zinc dust is previously treated vith 
2% mercurous nitrate solution slightly acidified 
■with nitric acid (Kasanof, Ind. Eng. Chem. 
1920, 12, 799). Many other methods have 
been recorded for its preparation : oxidation of 
anilme -with Caro’s acid in the presence of ether 
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at 0° (E, Bamberger and E. Tscliimer, Ber. 
1899, 32, 1675) or electrolytically in acetic 
acid solution (Haber, Z. Elektroctem, 1898, 
5, 77) ; by the reduction of nitrobenzene "with 
zinc amalgam in an aqueous-alcoholic solution 
of aluminium sulphate (E. Bamberger and M. 
Knecht, Ber. 1896, 29, 863) ; or ^dth zinc dust 
in the presence of calcium chloride in ether or 
alcohol solution (C. Goldschmidt, iiid. 2307 ; 
G.P. 84138 j see also Wislicenus, J. pr. Chem. 
1896, [ii], 54, 57), The substance is very 
poisonous and should not be allowed to come in 
contact with the skin (0. Baudisch, Chem.-Ztff. 
1911,35,913). 

^-Phenylhydroxylamine forms colourless 
needles, m.p. 81-82°; soluble in 10 parts hot 
and 50 parts cold water, readily soluble in 
alcohol, ether, carbon disiilphide and chloro- 
form, sparingly soluble in light petroleum. 
Ammoniacal silver nitrate and Fehling’s solution 
are reduced in the cold by ^-phenylhydroxyl- 
amine. Jlineral acids yield p-aminophenol and 
azoxj^benzene ; alcoholic sidphuric acid gives 
azoxybenzene, o- and p-phenetidine, o- and p- 
aminophenol, aniline and other compounds (E. 
Bamberger and J. Lagutt, ibid. 1898, 31, 1501), 
It dissolves in sulphuric acid with a deep blue 
colour. By heating at 100°, azobenzene to- 
gether with aniline, azoxybenzene and other 
products are formed. Oxidation with per- 
manganate gives first nitrosobenzene then nitro- 
gen and azoxybenzene (E, Bamberger and E. 
Tschimer, Ber. 1899, 32, 342), It dissolves in 
sodium hydroxide giving a sodium salt, which 
decomposes into nitrobenzene and azoxybenzene 
in the presence of air but into azoxybenzene 
and aniline if air is excluded (E. Bamberger and 
E. Brady, ibid. 1900, 33, 271). With aromatic 
aldehydes it 3 ?ields plaenylaldoximes of the type 

CKR. 

1 >o 

NPh / 

(G. Plancher and G. Piccinini, Atti. B. Aecad. 
Lincei, 1905, [v], 14, ii, 36). The 2A-dinilTo- 
derivative, (NOalgCeHyNH-OH, is made by 
the action of an alcohofic solution of hydroxyl- 
amine on 2:4-dinitrodiphenyl ether. It has 
marked acidic properties and gives intensely 
coloured ammonium and aniline salts (W. 
Borsche, Ber. 1923, 56 [B], 1944). 

Nitroso-^-phenylhydroxylamine, 

C«H--N(NO)OH, 

may be conveniently prepared by the action of 
so(Bum nitrite and dilute sulphmic acid on j8- 
phenylhydroxylamine (A. Wohl, ibid. 1894, 27, 
1435 ; E. Bamberger, ibid. 1553) or by the interac- 
tion of hydroxylamine and nitrobenzene in alco- 
holic solution in the presence of sodium ethoxide 
(A. Angeli, ibid. 1896, 29, 1884). It ci^-stallises 
from light petroleum, m.p. 58-59°, and decom- 
poses at 75°. Readily soluble in organic sol- 
vents, sparingly so in water. Alcoholic or 
ethereal solutions give a brownish-red coloration 
with a few drops of ferric chloride. 

.The most important derivative is the ammo- 
nium salt, cupferron, CgHj-NlNOlONH^, and 
is prepared as follows : An ice-cold solution of 
25 g. nitrobenzene in 125 c.c., 96% alcohol and 


25 c.c. water is saturated with ammonia and then 
treated with hydrogen sulphide for 2|-3 hours. 
To the resulting pale yellow, pasty mass, 
500 c.c. ether are added, the solution shaken 
vigorously and filtered. The ether layer is 
separated and saturated with ammonia, with- 
drawn, cooled in ice and ethyl nitrite vapour 
passed in (NaNOg 25 g., HgO 40 c.c., 
96% CaHg-OH .33 c.c. and 1:1 HCI 90 c.c.). 
The solution becomes dark at first, the colour 
slowly disappears and crystals of cupferron 
separate. It is washed with ether and dried 
over calcium chloride and ammonium carbonate. 
Yield 80% (K. H, Slotta and K. R. .Jacobi, 
Z, anal. Chem. 1930, 80, 97). Bee also Organic 
Syntheses, 1932, Coll. Vol. I, 171. 

The microcrystaUine forms of several salts of 
nitroso-)S-phenyIhydroxylamine have been found 
to be sufficiently characteristic to be employed in 
the identification of the particular metal (Martini, 
Alikrochem, 1928, 6, 152). Cupferron has been 
used to separate zirconium and uranium 
(Angeletti, Gazzetta. 1921, 51, 285). 

Cupferron is a browm'sh-whitc crj'stalline 
soluble substance and yields well-detoed co- 
ordination compounds when its ammonium 
radical is replaced by many of the metals. It 
is most useful in the separation of iron, titanium 
and zirconium, since it precipitates these ele- 
ments from strongly acid solutions containing 
aluminium, chromium, manganese, nickel, co- 
balt, zinc, magnesium and the alkaline earths. 
The ferric and copper salts may be separated by 
dissolving out the latter with ammonium hy- 
droxide. The ferric salt is soluble in chloroform, 
ether, acetone, etc., and may be dissolved and 
separated from other salts, such as those of lead, 
silver or tin, which may have been precipitated 
with it (Baudisch, Chem.-Ztg. 1909, 33, 1298; 
1911, 35, 913 ; H. Biltz and 0. Hodtke, Z. anorg. 
Chem. 1910, 66, 426; J. Hanus and A. 
Soukup, ibid. 1910, 68, 52; R. Eresenius, Z. 
anal. Chem. 1911, 50, 35). See also CHEMiCAn 
Analysis and LundeU and Knowles, Ind. Eng. 
Chem. 1920, 12, 344, for further applications. 

HYDROXYPROLINE {v. Yol. I, 317c). 

HYDROXYQUINOL, l;2:4-trih3'droxy- 
benzene. This substance is obtained by rapidlj' 
heating hydroquinone with 8-10 times its weight 
of caustic soda until evolution of h^'drogen has 
almost ceased (Barth and Schreder, Monatsh. 
1883, 4, 176) ; or by dissolving 150 g. quinonc in 
400—450 g. acetic anhydride and 10 c.c. concen- 
trated sulphuric acid, keeping the_ tempera- 
ture at 40-50°, and finally pouring into much 
water. The precipitated hydrox^'hydroquinonc 
triacetate is saponified with a metliyl alcoholic 
solution of sulphuric acid, neutralised with 
anhydrous sodium carbonate, extracted with 
ether, filtered and the solvent removed. The 
residue is allowed to crystallise in a vacuum 
desiccator (Thiele, Ber. 1898, 31. 1248). 

It crystallises from ether in microscopic 
scales, m.p. 140'O°, and distils with partial de- 
composition to give quinol. Its aqueous solu- 
tion darkens rapidly on exposure to the air, 
and ferric chloride solution gives a transient 
bluish-green coloration, which changes to dark 
blue, and then to avinc-red on the careful addition 
of sodium carbonate solution. 
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Hydroxyquinol (2 mol.) when heated with 
phthalic anhydride (1 ihol.)- to 186-190° gives 
hydroxyquinolphthalein, 



(W. Feuerstein and M. Dutoit, ibid. 1901, 34, 
2637). 

Condensation takes place with aldehydes. 
Using concentrated sulphuric acid in alcoholic 
solution, paraldehyde gives the compound : 



CMe 


(C. Liebermann and S. Lindenbaum, ibid. 1904, 
37, 1177, 2731). 

For an account of the derivatives, see Bargel- 
lini (Gazzetta, 1910, 40, ii, 342 j 1911, 41, ii, 
612 ; 1912, 42, ii, 351 ; Atti. R. Accad. Lincei, 
1911, [v], 20, i, 22; ii, 18, 118, 183). The tri- 
methyl ether has been used by J. Reigrodski 
and J. Tambor (Ber. 1910, 43, 1964) for the 
synthesis of 2;3-dihydroxyflavone. 

HYDROXYSTEAR 1C AC IDS, a-.ff2/dro3-y- 
stearic Acid, 

CH3-[CH2]i5-CH(OH)-COOH. 

Prepared by treating a-bromostearic acid with 
aqueous potash. Separates from a mixture of 
benzene and light petroleum as a crystalline 
powder, m.p. 91-92° (C. Hell and J. Sadomsky, 
Ber. 1891, 24, 2391; H. R. Le Sueur, J.C.S. 
1904, 85, 827). By heating to 270° it yields 
margafic aldehyde, CjgHgg-CHO, a lactide, 
^ 30 ^ 68 ^ 4 ’ formic acid and carbon dioxide. 
(Le Sueur, Z.c.) 

fi-Hydroxystearic Acid, 


CH3-[CH2]i4-CH(OH)CH2-COOH. 

Prepared by treating )3-bromostearic acid with 
aqueous potash. Crystallises from Chloroform 
in white plates, m.p. 89° (Ponzio, Gazzetta, 1905, 
•35, ii, 670). 

y-Hydroxyslearic Acid . — ^Exists most com- 
monly in the form of its lactone. 


C. G. Tomecko and R. Adams (J. Amer. Chem. 
Soc. 1927, 49, 622) by coildensing aldehyde 
esters of the general formula, 

CHO-[CH 2 ]i: -COOMe 

(where x=l, 8, 9, 10, 11) with the Grignard re- 
agent, CHg-CCHgly/'MgBr (where y — 8, 7, 6, 
5, 4) have obtained the esters of the following 
hydro xystearic acids, from which the pure acids 
are obtained by hydrolysis, 

CH3-[CH2VMgBr-fCHO-rCH2VCOOMe 

-►CH3-LCH2VCH(OH)-[CH2]3;-COOIVle 

M.p., methyl 
M.p., acid. ester. 

8 or d-hydroxystearic acid . 74-75° 46-46° 

9 or t-hydroxystearic acid . 81-82° 53-54° 

10 orx-hydroxystearic acid . 76-77° 49-50° 

11 orA-hydroxystearic acid . 78-79° 60-51° 

12 or /i-hydroxystearic acid . 77-77-6°. 52-52-5 

i-Hydroxystearic acid may also be prepared 
by the action of sulphuric acid on oleic acid 
(Tscherhakbw and Saizew, J. pr. Chem. 1898, 
[ii], 57, 27). At 100° it yields the anhydride, and 
oxidation with chromic acid in acetic acid con- 
verts it into sebacic, azelaic and traces of suberic 
and a liquid monobasic acid, together with i- 
ketostearic acid, 

CH3-[CH2VC0-[CH2VC00H, 

m.p. 76°. On distillation, i-hydroxystearic acid 
gives A‘-elaidic and A^*elaidic acids and ordi- 
nary oleic acid (Vesely and Majtl, Chem. Listy, 
1926, 19, 345 ; BuU. Soc. chim. 1926, [iv], 39, 
230). 

K-Hydroxyslearic Acid, 

CH3-[CH2]e-CH(OH).[CH2VCOOH. 

Prepared by the action of sulphuric acid on 
fsooleic acid, Shukow and Schestakow (J. Russ. 
Phys. Chem. Soc. 1903, 35, 1) who give the m.p. 
as 84-85°. Oxidation with chromic acid gives 
sebacic acid, nonylene-at-dicarboxyhc acid 
(m.p. 124°) and w-ketostearic acid (m.p. 65°). 
\-Hydroxystearic Acid, 

CH3-[CH2]5-CH(OH)-[CH2]io-COOH. 

This acid was obtained (A. Griin and M. 
Woldenberg, J. Amer. Chem. Soc. 1909, 31, 490) 
by the reduction of the methyl ester of ricinoleic 
acid. 

Salivic Acid, obtained by oxidising linoleic 
acid is 8:9:ll:12-tetrahydroxy8tearic acid, , 

CH3-[CH2]4-CH(0H)CH(0H)CH2-CH(0H) 

•CH(0H)-[CH2]/C00H 


/CH 2 — CHj 

CH3-[CH2]i3-CH< I 

wliich is prepared by heating oleic acid with 
concentrated sulphuric acid at 80-86° for 6 hours, 
diluting with water and warming on a water 
bath ; it has m.p. 62-63°, and yields the acid, 
m.p. 89°, on heating with alkali and finally 
acidifying with hydrochloric acid (P. W. 
Clutterbuck, J.C.S. 1924, 125, 2330). 


and has been sho-vvn to have this constitution 
(Reinger, Ber. deut. pharm. Ges. 1922, 32, 124) 
by progressive elimination of hydroxyl groups, 
confirming A. Eckert (Monatsh. 1917, 38, 1), 
Four isomeric (a- /?-, y- and 8-) sativic acids 
have been prepared by B. H, Hicolet and H. L. 
Cox (J. Amer. Chem. Soc. 1922, 44, 144). 

hlild treatment of oleic acid mth alkahno 
permanganate gi%ms 0-hydroxy-t-ketostearic 
acid and O-keto-i-hydroxystearic acid (Ifing, 
J.C.S. 1936, 1788). 
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0t-Dihydroxystearic acid has been prepared 
by the oxidation of oleic acid \dth alkali hypo- 
bromite at 10-20° in the presence of salts of Ni, 
Co, Feand Mn (U.S.P. 2033538). 

Hydroxystearic acid from the hydrogenation 
of castor oil has been used in the form of its salts, 
Na, K, Ca, triethanolamine, etc., for the pre- 
paration of emulsions and creams (Fiero, J. 
Amer. Pharm. Assoc. 1939, 28, 598). 

HYDROZINCITE. Hydrated basic car- 
bonate of zinc, ZnC 03 ’ 2 Zn (O H) 2 , containing 
Zn 60'5%, of common occurrence as an altera- 
tion product of other ores of zinc. It is found 
in the upper levels of most zinc mines as soft, 
snow-white encrustations often in stalactitic, 
botiyoidal or other forms. Large masses with 
an earthy or challcy texture are not imcommon ; 
sp.gr. 3-6-3-8. Much of the material often 
regarded as smithsonite (ZnCOg) is really 
hydrozincite, as shown by its lower degree of 
hardness (hardness 2-2J, that of smithsonite 
being 5) and the presence of water. Large 
quantities have been obtained from the zinc 
mines of province Santander in Spain, Bleiberg 
in Carinthia, Sardinia, etc. It has been observed 
as a mineral of recent formation in the old 
galleries of lead-zinc mines in North Wales. 
Analysis of material occurring as minute 
bladed (monoclinic) crystals at Narlarla, 
Western .Australia, leads to the formula 
3 ZnC 03 - 4 Zn( 0 H )2 (R. T. Prider, Min. Mag. 
1941, 26, 60). 

li J S 

HYDURILIC ACID, C8H60cN4,h‘ o’ or 

2H2O; 

/NHCO. /CO-NHv 

CQ/ >CHCH< >CO 

^NH-CQ/ \cO-NH/ 

was prepared (1) by Schlieper (Annalen, 1845, 
56, 11), who obtained the acid ammonium salt 
together with alloxan by the action of nitric 
acid (sp.gr. 1*25) on uric acid. It is also pre- 
pared (2) in the form of its ammonium salt by 
prolonged boiling of alloxan or alloxantin with 
very dilute sulphuric acid (Finch, ibid. 1864, 
132, 303) ; (3) by heating crystallised alloxantin 
under pressure at 170° when it is converted 
quantitatively into hyduriUc acid, according to 
the equation 

2CgH407N4-h6H20 = 

CsHa0eN^-i-4NHs^[C00H]2+2C0+4C02 

or by similarly decomposing alloxan (Murdoch and 
Doebner, Ber. 1876, 9, 1102) ,- (4) in the form of 
its acid ammonium salt by heating dialuric acid 
with glycerol at_^ 150°, formic acid and carbon 
dioxide being formed at the same time (Baeyer, 
Annalen, 1863, 127, 14; cf. Biltz and Heyn, 
Ber, 1919, 52 [B], 1298); (5) together with 
glycine and carbon dioxide by heating uric acid 
with tAvice its weight of concentrated sulphuric 
acid (Schultzen and Fdehne, ibid. 1868, 1, 150), 
(6) by oxidation of barbituric acid in aqueous 
solution with potassium permanganate (Biltz 
and Heyn, l.c.) ; (7) by reducing dibromobar- 
bituric acid with hydrogen iodide (Baeyer, 
Annalen, 1864, 130, 133) ; and it is also formed 
to a small extent (8) by reducing alloxantin with 


sulphuretted- hydrogen (Murdoch and Doebner 
l.c.) ; (9) by the condensation of ethyl ethane- 
tetracarboxylate with urea in the presence of 
sochum ethoxide at 60-70°, or (10) by the hydro- 
lysis of ethanetetracarbonylguanide 




by means of dilute hydrochloric acid at 150° 
(Conrad, ibid. 1907, 365, 24; cf. Boeder, Ber. 
1913, 46, 2560): whereas ethyl ethanetetra- 
carbo-y^late and urea yield only a trace of 
h 3 ulurilic acid, dAtliidhydurilic acid is readily 
obtained from the ester and thiocarbamide ; 
this compound remains unaltered at 250°, and 
can be desulphurised to hydurilic acid by heating 
at 100° with concentrated sulphuric acid, Hydu- 
rilic acid is most conveniently purified by precipi- 
tating the sparingly soluble copper salt from a 
solution of the neutral ammonium salt, and 
decomposing this with hofhydrochloric acid, in 
which the h 3 ’’durilic acid is only slightly soluble 
(Baeyer, Annalen, 1863, 127, 15). 

Hydurilic acid crystallises from hot water in 
small four-sided prisms containing 2 H 2 O, or is 
precipitated as a fine crystalline powder con- 
taining 1 HgO by the addition of hydrochloric 
acid to a hot aqueous solution. It is sparingly 
soluble in alcohol or cold water, more readily 
so in hot water; its heat of combustion is 
658-5 kg.-Cal. (Matignon, Ann. Chim. Phys. 1893, 
[vi], 28. 328). 

Hydurilic acid bears the same relation to 
dialuric and barbituric acids that alloxantin 
bears to alloxan and barbituric acid. Its con- 
stitution is established by its synthesis from 
ethyl ethanetetracarboxylate and urea (v, supra), 
and also by the fact that on hydrolysis with 
concentrated hydrochloric acid at 200-230° it is 
converted almost quantitatively into carbon 
dioxide, ammonia and succinic acid ; barbituric 
acid when similarly treated yields carbon 
dioxide, ammonia and acetic acid. 

Hydurilic acid is not attacked by reducing 
agents ; it yields alloxah and dibromobarbituric 
acid when treated -with bromine water (Biltz, 
Hejm and Hamburger, Ber. 1916, 49, 662), 

Fuming nitric acid oxidises it into alloxan, 
whilst weaker acid converts it into nitrobarbi- 
tUric acid (diUturic acid), fsonitrosobarbituric 
acid (-violuric acid) and violantin. Ferric chloride 
or silver oxide oxidises it to oxyhydurilic acid, 
which gives a blood-red coloration -with ferric 
chloride. Hydurilic acid has marked acidic 
properties, and decomposes most metallic 
chlorides and acetates, juelding the corre- 
sponding hydru-date (for the basicity of the 
acid, see Biltz and Hamburger, ibid. 1916, 49, 
655). The heat of neutralisation of hydiuilie 
acid -with 2 mol. potassium hydroxide is 21-8 
ke.-cal. ; but on adding a further quantity _ of 
alkali (up to 16 mol.) there is a further evolution 
of 4-2 Ivg.-cal., thus pointing to the existence^ of 
a third very feeble acid function. The folIo-OTng 
salts have been described : the ammomum 
hydrogen salt N H^-CgH-OgN^. small octahedra, 
sparingly soluble, precipitated by acetic acid 
from solutions of the normal ammonium, salt 
(NH 4 ) 2 C 8 H 40 cN 4 , which crystallises in needles 
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with 1 HjO or in large monoclinic crystals with 
4H2O, 

a:&:c=l-0821:l:0-7003. 

■Sodium salt Na2CgH40gN4,4H20 crystallises 
in prisms; acid ^potassium salt KC8H5O6N4 
forms sparingly soluble microscopic needles; 
the normal salt K2C8H408N4,3H20 is soluble 
and crystallises in prisms (Matignon). The 
calcium salts Ca (CgHg OgN^) 2,8 HgO and 

CaCgH40gN4,3H20 

are crystalline and almost insoluble ; the barium 
salt BaCgH40gN4,H20 ; the zinc salts 

Zn(CgH506N4)2 and ZnCaH40gN4,2H20 
are crystalline ; the copper salt 

Cu (CgHgOgN 4)2,8 H2O 

forms fine yeUow needles of prisms, which 
become red on heating with loss of water. The 
silver salt is unstable ; the ferric salt is a dark 
green precipitate, and the formation of a dark 
green colour with ferric chloride is a character- 
istic reaction of the salts of hydurilic acid ; the 
ferrous salt is white becoming green; the lead 
salt is insoluble in acetic acid. 

5:5'-Dichlorohydurilic acid, 

.NHCOk /CO-NH. 

CO< >CCI-CC1< )CO 

^NH-CQ/ ^CO'NH/ 

is obtained by the action of potassium chlorate 
on an intimate mixture of hydurilic and con- 
centrated hydrochloric acids (Baeyer, Annalen, 
1863, 127, 26) ; a quantitative yield is obtained 
by chlorinating hydurilic acid in alcohol (Biltz 
and Hamburger, he.). It is a sparingly soluble 
powder, soluble in concentrated sulphuric acid 
and precipitated therefrom by the addition of 
water, in small rhombic crystals containing 
2H2O ; it is readily decomposed by alkalis 
yielding the metallic chloride. Hydrolysis to 
5-chlorobarbituric acid and alloxan occurs on 
boiling with water. The potassium salt, 
K2CgH20gN4Cl2,2H20, is a sparingly soluble 
crystalline powder. The ammonium salt forms 
hydrated (2-5H20), colourless or pale pink 
crystals. The anhydrous salt is dark red, m.p. 
about 235°, becoming discoloured at 140° (Bock, 
Ber. 1923, 56 [B], 1222). • 

B:5'-Diethylhydurilic acid is obtained from 5- 
ethylbarbituric acid by oxidation wth potassium 
permanganate in sulphuric acid. It crystallises 
with 1 H2O, m.p. above 310°. Concentrated 
potassium hydroxide gradually splits off am- 
monia; heating with concentrated hydrochloric 
acid at 210-240° results in hydrolysis to diethyl- 
succinic acid (Aspelund, J. pr. Chem. 1933, [ii], 
136, 329). 

B:B'-Dibenzylhydurilic acid is prepared similarly 
to the 6:5'-diethyl derivative. It crystallises 
with 2H2O, m.p. 315° (decomp.) (Aspelund, 

I.C.). 

5-Bromo-5'-methoxyhydurilic acid is formed 
on brominating hyduriUc acid in presence 
of methyl alcohol; it crystallises .in stout, 
hexagonal tablets which decompose above 
360°; in presence of ethyl alcohol 5-bromo-5'- 
cihoxyliydurilic acid is formed which crystal- 


lises in stout, elongated prisms decomposing 
above 360° : these compormds yield 5-meth- 
oxyhydurilic 'acid and 5-ethoxyhydurilic acid 
on reduction, which lose methyl and ethyl 
alcohol respectively when heated and yield 
dehydrohydurilic acid 

/NHCO. .CO-NH. 

CO< /C:C< )CO, 

^NHCQ/ ^CO-NH/ 

Biltz, Heyn and Hamburger {ibid. 1916, 49, 
662; ibid. 1919, 52" [B], 1298) ; cf. Baeyer, 
(Annalen, 1863, 127, 26), who found that 
hydurilic acid broke down under the action of 
bromine water into dibromobarbituric acid and 
alloxan. 

Tetramethylhydurilic acid {deoxyamalic 
acid), C42H440gN4; 

.NMe-CO., -CO-NMev 

CO<; >CH*CH< >CO 

^NMe-CQ/ \C0-NMe^ 

is obtained by the dry distillation of amalic 
acid (Fischer and Reese, ibid. 1883, 221, 339), 
or more conveniently by heating it in a sealed 
tube for 3 hours at 180-185° (Matignon, Compt. 
rend. 1893, 116, 642) ; it has also been obtained 
by heating dimethylpse?tdouric acid with fused 
oxalic acid at 170° (Fischer and Ach, Ber. 1895, 
28, 2473). Deoxyamalic acid is crystalline, has 
m.p. 260°, with decomposition, and can be dis- 
tilled, although with partial decomposition. It 
is almost insoluble in hot or cold water ; readily 
soluble in chloroform or acetic acid ; its heat of 
combustion is 1321-8 kg.-cal. (Matignon, Ann; 
Chim. Phys. 1893, [vi], 28, 327). Its chemical 
properties are similar to those of hydurilic acid ; 
it reduces ammoniacal silver mtrate solution on 
warming, and gives a beautiful green coloration 
with ferric chloride; on gentle oxidation it 
yields a product that gives a blood-red coloration 
with ferric chloride ; but when oxidised by 
nitric acid it forms dimethylalloxan. 

5:5'-Dichlorotetramethylhydurilic acid may be 
obtained by chlorinating tetramethylhydurilic 
acid in alcohol; it forms transparent crystals 
with rectangular section, m.p. 266°. It is 
devoid of acidic properties, Biltz and Hambur- 
ger (I.C.). 

B-Bromo-B'-methoxy- (or ethoxy-) tetramethyl- 
hydurilic acid is formed on brominating tetra- 
methylhydurilic acid in presence of methyl or 
ethyl alcohol. The bromomethojJy-derivative 
forms elongated rhombic tablets and has m.p. 
245-247° (decomp.) and the bromoethoxy- 
analogue forms elongated hexagonal tablets, 
m.p. 199-200° (decomp.). 

B'.B'-Bibromotetramethylhydiirilic acid is formed 
by the action of bromine on tetramethyl- 
hydurilic acid in carbon tetracliloride in complete 
absence of water; it crystallises in snow-white 
lancet-shaped leaflets and yields alkyloxy- com- 
pounds on treatment with alcohols. It loses 
both atoms of bromine on heating at 140-180°, 
forming tetramefhyldehydrohydurilic acid, a highly 
reactive compoimd which melts at 284°. 
With boiling methyl alcohol it forms B-meihoxy- 
tetramethylhydurilic acid which crystallises in 
stout, four-sided prisms, m.p. 284° (decomp.). 
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HYDUBILIC ACID. 


S-AminoteiramethylhyduriUc acid, 




m.p. 295-300° (decomp.) is prepared by acting 
upon dehydroteirameihr/lhydurilic acid ’with 
aqueous ammonia ; it crystallises in silky 
rhombic leaflets. It is reduced by h3-driodic 
acid and pbosphonium iodide to l‘.Z-dimei1iyl- 
uramil, and on bromination in alcohol yields 
5;o-dibromo-l:3-dimethylbarbituric acid. 

5-3IetJiylaminofetramethyUiydurilic acid crys- 
tallises in rhombic plates. 

5-Anilino(etramethylhydurilic acid has m.p. 
160-161° (decomp.) and forms an aniline salt 

which melts at 134°. 

Deoxyamah'c acid has only two acidic func- 
tions; the potassium, and the 

sodium, Na2Cj2^i2®6^4’ salts are sparingly 
soluble (3Iatignon, l.c. ; Fischer and Ach, l.c.). 

For the preparation of s-dimethylhydurilic 
acid and derivatives, see Biltz and Hejm (Ber. 
1919, 52 [B], 1298). 

M. A. W. 

HYGRIC ACID (v. Vol. m, 226a). 

H YG R I N ES (u. Vol. IH, 225d). 

HYODEOXYCHOLIC ACID (a. Voh I, 
6896). 

HYPACONITINE(^;.'Vol.I, 122c). 

H YPAPHOR I N E («. Vol. I, 686d). 

HYPERS iHENE. A rock-forming mineral 
belonging to the orthorhombic series of the 
pyroxene group, and consisting of metasflicate 
of magnesium and iron (Mg,Fe)Si03. With 
less iron it passes isomorphously into bronzite 
and enstatite (q.v.). It is a common constituent 
of basic igneous rocks, especially norite. The 
very coarse-grained norite foxmd as boulders on 
the coast of Labrador consists of labradorite {v. 
Feospae) and hypersthene, the former showing 
brilliant coloured reflections and the latter a 
bright coppery sheen. This material is there- 
fore sometimes used as an ornamental or precious 
stone. The mineral is opaque, with a dingy, 
brownish-black body-colour, and the metallic 
reflection is due to the presence of minute 
crystalline enclosures arranged parallel to one 
plane. Sp.gr. 3-4. 

L. J. S. 

“ HYPNAL” Trade name for a compoimd 
of chloral and antipyrine which possesses the 
phj^siological properties of a mixture of the 
reactants. 

“ HYPNOGEN." A trade name for diethyl- 
barbituric acid. 

“ HYPNONE.” Trade name for acetophenone, 
a moderately active hypnotic. 

HYPOXANTHINE, Sarcine, Q-Oxypurine 


HN— CO 

1 1 

HC C-NH. 

11 ' 11 ^,>CH 

N— C— 


or 


N=:COH 

I 1 

HC C-NH 


\ 


II II ^ 

N_C— 


CH 


This base was discovered bj" Scherer (Annalen, 
1850, 73, 328) in heart muscle and spleen. 
Strecker {ibid. 1858, 108, 129) isolated a base 
from the muscles of several animals which he 
called sarcine. It was subsequently shown that 
sarcine was identical with Scherer’s hjqio- 
xanthine {see Salkowski, Biochem. Z. 1913, 55, 


250; Yoshimura, ibid. 1911, 37, 481). Hvpo. 
xanthine has been isolated from a verj' far'-e 
number of animal and plant tissues. It f; 
however, easily formed from adenine either ps-'/ 
mortem or in processes used for its isolation, and 
there is some doubt as to how much of the' base 
obtained from the tissues represents preformed 
hypoxanthine. For the isolation from various 
animal tissues, see also Heymann, Pfluger’s 
Archiv. 1872, 6, 184; Salomon, Z. phtriol. 
Chem. 1878, 2, 72; Ber. 1878, 11, 574; Kossel. 
Z. physiol. Chem. 1881, 5, 1.52; 1886, 10, 258; 
Schindler, ibid. 1889, 13, 432; Buglia and 
Costantino, ibid. 1913, 83, 45; Smorodinzew, 
ibid. 1912, 80, 218 ; Bass, Arch. exp. Path. 
Pharm. 1914, 76, 40; from urine, Strecker, l.c.; 
Salomon, Z. physiol. Chem. 1887, 11, 410; 
Kruger and Salomon, ibid. 1898, 24, 385; 
1899, 26, 3.56; and from feces, Xriiger and 
Schittenhelm, ibid. 1902, 35, 158. Hypoxanthine 
has been found in beer yeast (Schutzenberger, 
Chem. Zentr. 1877, 73), in fungi (Winterstein. 
Beuter and Korolew, Landw. Versuehs-Stat. 
1913, 79-80, .541-562), in hops (Chapman, J.C.S. 
1914, 105, 1895), in potato juice (Schuke, 
Landw. Versuchs-Stat. 1882, 28, 111), in sugar 
beet (von Lippmann, Ber. 1896, 29, 2645), and 
in various plants (Schulze and Bosshard, Z. 
physiol. Chem. 188-5, 9, 420). Hypoxanthine 
has been isolated from steam-heated soils by 
Schreiner and Lathrop (J. Amer. Chem. Soe. 
1912, 34, 1242) and Schreiner and Shorey 
(J. Biol. Chem. 1910, 8, 385). 

Hypoxanthine is formed in the animal body 
during the breakdown of nucleic acids. In man 
adenosine (adenine nucleoside) is first deaminised, 
forming inosine (hypoxanthine nucleoside) which 
is then hydrolysed giving hypoxanthine and a 
pentose (deoxyribose or ribose). In some other 
mammals enzymes are available which proride 
an alternative path for the formation of hypo- 
xanthine. Adenosine is first hydrolysed giving 
adenine (6-aminopurine) and pentose, and the 
former is then deaminised by the enzyme 
adenase giving hypoxanthine. The oxidation 
of hypoxanthine in the body is probably con- 
fined to the liver, which contains the nece-ssary 
enzyme, xanthine oxidase, for the conversion of 
hj'poxanthine into xanthine (2:6-(h'ox3rpurine) 
and luic acid (2:6:8-trioxypurine). The latter 
is excreted by man and the anthropoid ape but 
most other mammals oxidise it still further to 
aUantoin. For details and literature, see .Tone.=, 
“ hlucleic Acids,” Longmans, Green & Co.. 1920. 
or Levene and Bass, “ Kucleic Acids ” (Americ<an 
Chemical Society Monograph 56), 193L 

The structure of hyqjoxanthine has been con- 
firmed by syntheses. Fischer (Ber. 1897, 30, 
2226 ; G.P. 17673/1898) by heating trichlom- 
purine "witli normal aqueous potassium hydroxide 
obtained 6-oxij-2:8-dichloropitrine, 


HN— 

) 

CIC 

I! 

N — 


-CO 
C— NH 


N>""' 


which he reduced to h3T>oxantiune by the action 
of hydrogen iodide. Hypoxantliine was ob- 
tained bv oxidation of adenine irith nitrons acid 


HYSTAZARIN. 


409 


fKossel, Z. physiol. Ohem. 1886, 10, 268 j 
Kruger, ibid. 1894, 18, 446). It can also be 
formed by reduction of uric acid with chloroform 
and alkali (Sundwik, ibid. 1897, 23, 476 ; 1898, 
26, 131 ; 1912, 76, 486). Traube (Annalen, 
1904, 331, 64) synthesised hypoxanthine by 
condensing ethyl cyanacetate and thioearbamide 
in the presence of sodium ethoxide. 4-Amino-6- 
oxy-2-tliiopyrimidinc (I) is formed and gives an 
i5onitroso derivative (II) which yields 4; 5- 
diamino-6-oxy-24liiopymnidine (III) on re- 
duction. 

HN— CO HN— CO 

i 1 II 

HSC CH -> HSC C:NOH 


with SHgO and loses 2-5H20 on drying at 120° 
for 2 hours (Bruhns, ibid. 1890, 14, 544, 566 ; 
Kruger and Salomon, ibid. 1898, 24, 386). 

Some sparingly soluble derivatives formed with 
salts of metals have been used for the separation 
and estimation of the base. There is a crystal- 
line mercuricliloride, C5H40N4*HgCl2,H20, 
and a compound with silver nitrate, 

CsH^ON^-AgNOg, 

which crystallises from nitric acid solution. 
One part of hypoxanthine silver nitrate dissolves 
in about 4,960 parts of cold nitric acid (sp.gr. 
l-l). Hypoxanthine silver picrafe, 

CEHgON^Ag-CeHgO.Nj, 


N—C-NHa 

I. 

HN— CO 

I I 

HS-C CNH, 

II II 

N— C-NHj 
III. 


N— C;NH 
. II. . 

HN— CO 

I I 

HSC C-NHv 

If II >CH 

N— C— 

IV. 

I 


By heating the' sodium salt of the formy 
derivative of this compound to 250°, Q-oxy-2- 
ihiopurine (IV) is formed. The sulphur is 
removed from this compound by heating at 
100° with 25% nitric acid yielding hypoxanthine. 

Hypoxanthine forms small colourless an- 
hydrous crystals ; an unstable hydrated modifi- 
cation has also been observed (Micko, Chem. 
Zentr. 1904, II, 914). Hypoxanthine decom- 
poses without melting at 160° and dissolves in 
about 1,400 parts of cold (19°) or 70 parts of 
boiling water (Fischer, Ber. 1897, 30, 2226). 
It has both acidic and basic properties, combin- 
ing with one equivalent of acid or %vith two 
equivalents of base. For dissociation constants, 
see Ogston, J.C.S. 1936, 1713.. 

Hypoxanthine Hydrochloride, 


C5H40N4HCi,H20, 


crystallises in plates or needles ; the well-cry- 
stalliSed nitrate, C5H40N4-HN03,H20 is 
readily soluble in water but sparingly soluble 
.in the presence of nitric acid. Hypoxanthine 
picrate, C5H40N4-CgH307Ng,H20, forms 
rhombic plates which dissolve in 460-500 parts 
of Avater at room temperature (Kriiger and 
Salomon, Z. physiol. Chem. 1898, 26, 362). 
The pJiosphotungstate forms strarv-coloured 
plates (Drummond, Biochem. J. 1918, 12, 5). 
There are two crystalline aurichlorides, 

C^H^ON^-HClAuCla, 


m.p. 240-242° (decomp.), from dilute hydro- 
chloric acid solution and 


C 5 H 40 N 4 - 2 HCl-AuCl 3 , 

m.p. 259-262° (decomp.), from hot concen- 
trated hydrochloric acid (Hoppe-Seyler and 
Schmidt, Z. physiol. Chem. 1928, 175, 304). 
The silver salt, C5H20N4Ag2,H20, loses 
IHgO at 100°; in the presence of excess of 
ammonia the compound crystaUises in needles. 


is precipitated from a hypoxanthine solution by 
sodium picrate and silver nitrate and forms 
microscopic lemon-yellow needles insoluble in 
cold water (Bruhns, ibid. 1890, 14, 555). 

Hypoxanthine-d-glucoside crystallises in 
long needles, m.p. 245°, and has [a]|f — 34-5° in 
.V-sodium hydroxide and ■+■ 12-92° in A'-hydro- 
chloric acid (Fischer and Helferich, Ber. 1914, 
47, 210). 

Bromohypoxanthine, C 5 H 30 N 4 Br, 2 H 20 , 
is obtained by the action of 1 mol. bromine on 
1 mol. hypoxanthine at 120° or by oxidaticn of 
bromoadenine ivith sodium nitrite at 70° ; it is 
sparingly soluble in cold water. By heating 
hypoxanthine with excess of bromine for 6 hours 
at 100-150° bromohypoxanthineletrabromide 
hydrobromide, CsH30N4Br-Br4-HBr, is ob- 
tained (Kruger, Z. physiol. Chem. 1894, 18, 
449). 

Hypoxanthine Urethane, 

C5H30N4-C00Et, 

prepared from hypoxanthine and ethylehloro- 
carbonate, crystallises in sparingly soluble plates,' 
m.p. 186-190° (Bruhns and Kossel, ibid. 1892 
16, 1). 

Hypoxanthine forms a crystalline com- 
pmind with adenine, C5H40N4-C5H5Ng,3H30 
(Bruhns, Ber. 1890, 23, 225), and through the 
imino group in position 7 forms coloured deriva- 
tives Avith diazobenzene salts (Burian, ibid. 1904, 
37,696). 

Separation and Estimation. — ^From mixtures of 
the purine bases adenine and hypoxanthine can 
be separated by means of the sparingly soluble 
'compounds AAuth silver nitrate. _ After removal of 
silver, adenine is precipitated as the very 
sparingly soluble picrate, and hypoxanthine is 
precipitated from the filtrate by addition of 
ammoniacal silver nitrate (see Bruhns, ibtd. 
1890, 23, 225; Kossel, Z. physiol. Chem. 1883, 
8, 404 ; Schindler, ibid. 1889, 13, 432 ; Kruger, 
ibid. 1894, 20, 170). Hypoxanthine and 

xanthine can be estimated in blood by oxidation 
to uric acid by means of xanthine oxidase (Cole, 
Ellet and Womack, J. Lab. Clin. Med. 1931, 16, 
694). For microchemical estimations, see Krebs 
and Orstrom, Biochem. J. 1939, 33, 984; 
Reifer, New Zealand J. Sci. Tech. 1940, 21, 171. 

W. V. T. 

“ HYRGOL.'^ Trade name for a preparation 
of colloidal mercury (Rosenthaler, Apoth.-Zt". 
1926, 41, 578). . ° 

HYSTAZARl N {v. Vol. I, 222cl. 
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lAOTHINITE. 


I A N T H I N 1 T E . — Hydrous uranous oxide, 
2U02-7H20, occurring as velvety crusts of 
fine needles on pitchblende, of which it is a first 
alteration product, in the Kasolo mine, Katanga, 
Belgian Congo, and also at Wdlsendorf, Bavaria. 
The orthorhombic crystals are black with a 
violet or pu^le tinge and sub-metallic lustre. 
Pleochroism is intense — dark violet to colourless. 
On exposure to air the mineral is altered to 
greenish-yellow uranic oxide, U03'2H20, as 
becquerelite or schoepite (A. Schoep, Katuur- 
wetensch. Tijds. 1926, 7 (for 1925), 97; 1927, 
9, 1 ; Ann. Soc. Geol. Belgique, 1927, 49 (for 
1926), Bull. b188, b 310; Bull. Soc. beige 
Geol. 19.31, 41, 71 ; C. Palache, Amer. Min. 
1934, 19, 313). 

L. J. S. 

lANTHONE, CjgHj^O, is a mixtm-e of the 
two ketones. 


H2C< 


CH:CMe 


CHg-CMeg 
b.p. 1.55-165° and 


>CHCH:CHCOCH:CMe2 




^CH2-CMe:^ 


.C-CH:CHCO>CH:CMe2 
CHg-CMea/ b.p. 160-172° 


obtained by the condensation in presence of 
alkali of mesityl oxide with )9- and a-cycZocitra! 
respectively, v. Vol. Ill, 184b. It is obtained 
together with ionone when citral and mesityl 
oxide are condensed in the presence of alkali 
and the product treated with an acid con- 
densing agent (Durand and Huguenin, G.P. 
118288). It is a light yellow oil, b.p. 162- 
172°/15 mm., 0-9452, tijj ca. 1-5376 (Haarman 
and Beimer, G.P. 127231). When diluted it has 
a characteristic odour of violets and orris root, 

1 BOG A I N E . Tabernanthe Iboga BaiU., called 
Iboga or Aboua, grows in the Prench Congo; 
it has long been known that extracts from this 
plant are used as a tonic by the natives. 
Dybowsld and Landrin (Compt. rend. 1901, 133, 
748) succeeded in isolating a crystalline alkaloid, 
ibogaine, from Iboga (3deld 0-6-1 -0%), but it is 
not quite clear whether this base is responsible 
for the effect of the Iboga preparation. Almost 
simultaneously, Haller and Heokel {ibid. 1901, 
133, 850) found the base ibogine in this plant ; 
ibogine is probably identical -with ibogaine. 

Ibogaine, C52He602f^G (Dybowski and Land- 
rin) or C20H32O2N2 (Haller and Heckel) has 
probably the formula C20H26ON2 (impublished), 
colourless prisms, m.p. 149-152° (from abs. 
EtOH), Md —48-5° (in 95% alcohol). The 
base is soluble in EtOH, Et20, CHCI,, acetone 
and CgHg, insoluble in HoO. The hydro- 
chloride and the pi crate (red needles) are 
crystalline, other salts have not been obtained 
in crystalline form. 

Ibogaine is an indole base, but not a car- 
boline derivative (see Haesialixe) (unpub- 
lished) ; it forms salts with one molecule of a 
monobasic acid. For phj^siological activity, 
see cited articles aod Lambert and Heckel, 
Compt. rend. 1901, 133, 1236 ; Bo^hlin and 


Raymond-Hamet, Compt. rend. Soc. Biol. 1934, 

_ SeU. 

ICACO or Cocoa Plum. The fruit of 
Chrysobalanus icaco L., a native of Florida, the 
West Indies and the West Coast of Africa! It 
resembles a small plum (8 g.) and is used more 
commonly in the making of preserves than as a 
dessert friiit. Analytical data recorded by 
Chace, Tolman and Munson include : 

Total solids, 69; protein, 0*46; acids (as 
malic), 0-13 ; reducing sugars, 4-1-5-1 ; sucrose, 
0-36; ash, 0-9(%). 

The ash of the pulp contains : KjO, 35-15 ; 
CaO, 5-84; MgO, 4-51; PgOg, 3-09; SO,, 
4-77; and Cl, 18-62%. 

• A. G. Po. 

ICE COLOURS (Vol. IV, 227b). 
ICELAND MOSS (Cetraria) is the dried 
lichen Cetraria islandica Linn. 

1C ELAND-SPAR {v. Vol. II, 203c). 

I C E-S PAR {v. Vol. Ill, 4406). 
ICHTHAMMOL (“ ICHTHYOL"). Ich- 
thammol consists chiefly of the ainmonium salts 
of the sulphonic acids prepared from an oily 
-substance obtained by the destructive disril- 
lation of bituminous schists, together with 
ammonium sulphate and water. These schists 
contain the remains of fish-and marine animals, 
and are found in the Tyrol and on the coasts of 
the Adriatic, in Switzerland and parts of Italy. 
The Seefeld district between Southern Bavaria 
and Tyrol has long been noted for the crude 
ichthyol. Ichthyol oils from Kashpir shale have 
been reported (E. V. Rakovskii and S. I. 
Sokolov, J. Appl. Chem. U.S.S.R. 1930, 3, 81). 

The oil usually contains about 10% of sulphur. 
As found in pharmacy, ichthyol contains 5-7% 
ammonium sulphate, about 50% water, and 
about 1% of an empyreumatic oil. The British 
Pharmacopoeia lays down standards for the 
pharmaceutical product. 

H. Scheibler has purifled the crude oil (Ber. 
1919, 52 [B], 1903), and has isolated 2-7i-hutyl- 
thiophen from oil obtained from Achensee, and 
3-M-propyl- and 2-iaopropyl-thiophen 

hid oil (H. Scheibler and F. Bettig, tow. 

1926, 59 [B], 1198; Arch. Pharm. 1920, 258, 

Ichthyol is soluble in water, partly so in alcohol 
(90%) and in ether. It is used as a mild anti- 
septic in skin diseases and also internally. I'or 
ichthyolic medicinal preparations, see Stadnokov 
(Amer. Chem. Abstr. 1928, 22, 3261). Bibho- 
graphy, U.S. Bur. Mines, Inf. Circ. No. /042, 
(1938). 

ICOSANE (n-Eicosane), C20H42, 

CH3-[CH2]i8*CH3 

The hydrocarbon has been obtained in 
de<wee of purity from petroleum waxes (L. o. 
BiTchler and G. D. Graves, Ind. Eng. Chem. 

1927, 19, 718). -Synthetically, it may be pre- 
pared from 71-decyl iodide and sodium (iiraut, 
Ber. 1880, 19, 2220), or by reducing eicosyJ 
iodide vnth zipp and hydrochloric acid (Levenc, 
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West and Van der Scheer, J. Biol. Chem. 1915, 
20, 526). Other methods include the reduction 
of ethyl-m-heptadecyl ketone with amalgamated 
zinc and hydrochloric acid in alcohol (A. Muller 
and W. B. Saville, J.C.S. 1925, 127, 599) and 
the reduction of the compound, 

Ci3H27'CCl2'CgHj3, 

with phosphorus and hydriodic acid at 240°C. 
(Krafift, Ber. 1882, 15, 1717). 

Evidence from X-ray diffraction experiments 
indicates two crystalline modifications of the 
hydrocarbon (Muller and Saville, Z.c.) ; m.p. 
36-4° ; heat of fusion 14,680 cals./mol. (G. S. 
Parks and H. M. Huffman, Ind. Eng. Chem. 
1931, 23, 1138) ; b.p. 220730 mm. (H. Prophke, 
Compt. rend. 1926, 183, 609), 205715 mm. 
(K. Ziegler, E. Dersch and H. WoUthan, Annalen, 
1934, 511, 13), 14870-6 mm. (Levene, West and 
Van der Scheer, l.c.); 7i^ 1-4173; 0-7417 

(Buchler and Graves, l.c.). For thermal data, 
see G. S. Parks, H. M. Huffman and S. B. 
ThoniaSj J. Amer. Chem. Soc. 1930, 52, 1032. 

^ Eicosyl bromide and l:20-eicosyl dibromide as 
an unseparated mixture were probably obtained 
by J. von Braun and E. Kamp (Ber. 1937, 
70 [B], 973) from the dicycZohexyl ether of 
l:2-eicosylglycol and hydrogen bromide. 

“ ICYL ” COLOURS (v. Vol. 234a). 

I D>e I N . The orange-red fruits of the cran- 
berry {Vaccinium vitis-idcea L.) are coloimed 
with an anthocyanin wliich is closely related to 
chrysanthemin and cyanin {q.v.), and to which 
the name idasin has been given (Willstatter and 
Mallison, Annalen, 1915, 408, 15). The pig- 
ment was extracted from the skins of cran- 
berries bj’’ means of acetic acid, and after pre- 
cipitatmn as the picrate was converted into the 
chloride (1-6 g. from 10-7 kg. of skins). G. M. 
and R. Robinson have obtained the same colour-, 
ing matter from the leaves of the common beech 
[Fagus sylvatica). An extract of the leaves 
(collected at the end of May in Oxford) in 1% 
HCI was saturated with NaCI and the antho- 
cyanui taken up in Zsoamyl alcohol. Benzene 
was added, and the pigment re-extracted by 
means of aqueous HCI. The aqueous solution 
was thoroughly extracted with ethyl acetate, 
and then the pigment was transferred to 7i-butyl 
alcohol after again saturating -with NaCl. The 
alcoholic solution was mixed -with light petroleum 
and the pigment taken up in the minimum 
volume of 1% HCI. A crude solid pigment was 
obtained by adding acetic acid and then ether, 
and repeating the precipitation in the same 
manner. The picrate was prepared, and then 
the chloride, by adding ether to a solution of the 
picrate in methyl-alcoholic HCI. The chloride 
crystallised at once when 5% ethyl alcoholic 
HCI was added to its concentrated solution in 
0-5% aqueous HCI. A hydrate of idsein chloride, 
^2 i'^2iOiiC!, 2-5H20, crystallises from 5% 
HCI when alcohol is added to retard separation. 
The reddish-bro-\vn monoclinic prisms appear 
brownish-red to grey-violet under the micro- 
scojre. The powdered salt is reddish-brown and 
melts with foaming at 210°. The salt becomes 
anhydrous when kept in a desiccator at the 
ordinary temperature. In solubility it differs 


markedly from ejmnin. It dissolves in 10 parts 
of water at 15° forming a bro-wnish-red solution 
which becomes orange-red on dilution ; pseudo- 
base formation is observed onlj^ at high dilutions. 
It is easily soluble in 0-5% HCI, sparingly in 3% 
HCI and almost insoluble in 6% HCI. It is 
rather more soluble in sulphuric acid; 0-03 g. 
dissolve in 100 c.c. of 7% sulphuric acid at 25°. 
From this solution characteristic rhombic 
plates of the sulphate crystallise on eooling. 
The chloride is easily soluble in alcohol with a 
bluish-red colour. The picrate, a brownish-red 
powder which under the microscope is seen to 
consist of carmine-red needles, dissolves in 30 
parts of boffing water but is very sparingly 
soluble in the cold. Idsein differs from cyanin 
in that with sodium carbonate or bicarbonate 
it gives a stable violet colour which is changed 
to blue only on adding sodium hydroxide. The 
blue fades to green and finally to yellow. The 
violet colour is restored when the blue solution 
is diluted (h 5 'drolysis of the alkali salt of the 
colour-base). Ferric chloride added to the 
alcoholic solution gives a blue colour, and this 
becomes violet on diluting. Lead acetate pre- 
cipitates a blue lead salt from the alcoholic 
solution. Alum gives a very stable violet colour 
with the aqueous solution, and bismuth nitrate 
a reddish-violet colour. The absorption spec- 
trum in 7% sulphuric acid consists of a broad 
band (green-blue) which resembles that of 
cyanin but does not extend so far into the blue. 
The absorption spectrum in the visible region 
and the alkali colour reactions of idaein resemble 
those of chrysanthemin very closelj’’, but the 
beha-viour of the two pigments on distribution 
between amyl alcohol and aqueous acid is quite 
distinct. Idsein is laevorotatory. Hydrotysis 
by means of aqtieous HCI affords cjmnidin 
chloride (1 mol.) and galactose (1 mol.). Its 
behaviour on distribution between amyl alcohol 
and aqueous acid is that of a typical mono- 
glucoside. 

The structure of idffiin has been estabhshed by 
Grove and Robinson (J.C.S. 1931, 2722) who 
synthesised the colouring matter by condensing 
2-O-benzoylphloroglueinaldehyde (I) with w- 
tetra-acetyl-jS-galactosidoxy-2:4-diacetoxyaceto- 
phenone (II) by means of hydrogen chloride, 
and obtained an acylated anthocyanin from 
which idaein chloride (III) was obtained* by 
hydrolysis. 



OBz 

I. 


OAc 



CH2-OC6H7(OAc)4 

II. 


HO 



HO 


(galactose) 

III. 

W. B. 
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IDEAL OR PERFECT GAS.— L The 

behaviour of “ permanent ” gases can he repre- 
sented by certain emjiirical laws. 

(i) Boyle’s Law . — At constant temperature 
the product of the pressure p and the volume V 
of a gas is constant. ^)F= constant. Table 


of cases. 


Table I. 


Gas. 


t°c. 


Hehum^ 


Hydrogen^ 


Nitrogen® . 


P. 


1-00000 

6-01487 

8-95584 

12-46478 

1-000 

75-795 

164-193 

442-27 

1089-67 

1-0000 

19-0215 

37-9527 

62-2158 




1-00000 

1-00228 

1-00397 

1-00559 

1-0000 

1-0478 

1-1078 

1-3070 

1-7715 

1-0000 

0-99274 

0-98730 

0-98459 


^ Keesom and van Sant-en, Comm. Leiden, 1933, No- 
227b. 

® Michels, Nijhoff and Gerver, Ann. Physik. 1932, 
12, 562. 

® Michels, 'Wouters and De Boer, Physica, 1934, 1, 
587. 

(ii) Charles’ Law or Gay Lussac’s Law. — 
This law relates the volume of a gas at constant 
pressure to the temperature t of the gas : 

Vt=V„(l+at) 

Combining this with (i) it follows that at con- 
stant volume 

where Vg andpo are the volume and the pressure 
of the gas when the temperatm-e t is zero. The 
value of a clearly depends upon the scale on 
which the temperature is measured. If t is 

measured on the Centigrade scale -=273-l°c. 

a 

This value is not constant for real gases, and 
Table II shows values of a in a number of cases. 
A more useful scale of temperature can be 

obtained by setting ^ Making this 


substitution 


T T 

and pt=Pg: 


Tn 


where 


T =-=273-1°k. When the temperature t is 
” a 

measured on the Centigrade scale, T is the 
absolute temperature (Kelvin scale). 

(iii) Laws (i) and (ii) above can be combined 
to give pV=CT, where (7 is a constant having 
T) V 

the value P . if -we take as our standard 

^ 0 

of quantity 1 mol. then 


pV=n^T, 


where n is the number of molecules in volume F 
and Vg the molal volume of the gas at pressure 
pg and temperature Tg. 

Table II. 


I 

r Gas. 

V 

m. Hg. 

“o-ioo°t9^- 

Po-iof to’. 

Helium^ . . 

0-508 

— - . 

36608-6 


0-750 

— 

36607‘9 


0-967 

— 

36607-3 

- Elrypton® . 

0-862 

36,916 



1-000 

36,967 

36899-0 

Xenon® 

0-862 

37,285 

_ 


1-00 

37,395 

37202-0 


^ Keesom, van der Horst and Taconis, Comm. 
Leiden, 1934, Ko. 230^. 

® Heuse and Otto, Physikal. Z. 1934, 35, 57. 

“ Heuse and Otto, ibid. p. 628, 

Heuse and Otto found ; — 

“o-ioo'’=0‘0036609-l-358 X 10“'^ p Ip krypton 
/5o-ioo“=0-0036609-f 290x 10-^ pT 
and 

«o-ioo°=0-0036609+785X -10-^ pi p 
i8o-ioo'’=0-0036609+593x 10-7 

(iv) Avogadro’s Law states that under the 
same conditions of pressure and temperature the 
molal volume of all permanent gases is the same. 

Thus the term in equation (1) is a constant 
0 

applicable to all permanent gases and is called 
the gas constant, R. 

pV—nRT. 

The value of R can be obtained from a know- 
ledge of the molal volume under some particular 
experimental conditions, e.g. Tp=273-1°e. 

, , _ 22-4x1 

atmosphere, Vq= 22-4 htres, hence R= 


273 


( 1 ) 


litre-atm./°c. mol. 

Values of R in Different Units. — R=l-987 
cals./°c. mol., 8-314x107 ergs/°c. mol., 0-08205 

litre-atm./'’c. mol. Gases which obey exactly the 
law p V =nRT are known as ideal or perfect gases. 

Exact obedience to this law over a ivide range 
of temperatures and pressures is not foimd in 
practice even with gases which are most difficult 
to condense. The deviations from the perfect 
gas law are more marked in the case of gases 
which are more easily condensed. 

Mixtures of Ideal Gases. — ^Dalton’s Law of 
partial pressure states that in a mixtiu-e of ideal 
gases the total pressure P is the sum of the 
partial pressures pi of the constituent gases. 
P='2pi. The partial pressure pi of any con- 
stituent i is the pressure which would be 
exerted by that gas i if it were present alone 
with a temperature and volume equal to the 
temperature and volume of the mixture. 

n. THEEMODyXAMICS OF A PeEFECT GaS. 

By definition a perfect gas is one for which 
the equation of state is 

pV=nRT. 
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The Energy E of a Perfect Gas is a function of 
tlie temperattire only. 

In general we have -P. 

/^P\ nRT 

But for a perfect gas T{^^j = — y~—P 
and hence 

The Heat Content II of a Perfect Qas is a func- 
tion of the temperature only. 

In general we have V. 

But for a perfect gas 
and hence =0* 

The above two laws mean that for a perfect 
gas the Joule effect and the Joule-Thomson effect 
are zero. 

In the Joule experiment a gas is expanded 
adiabatically and without doing any work. 
This process is in the case of real gases accom- 
panied by a temperature change. Since it is an 
' adiabatic process and no work is done, the pro- 
cess occurs at constant energy content and the 

eifect is measured by 

\oV/E 

( iT\ 


\$vjf 


Or 


which is zero for a perfect gas since 

In the Joule-Thomson experiment the effect 
is measured by since no heat exchange 

occurs during the experiment. 


The Heat Capacities Cv and Cp of a fixecl 
quantity of a perfect gas are dependent only 
upon the temperature 

82' Vs VJt 8 V KhTjv Vs VJp ~ 

_n 

stKspJt spkstJp \spJt 

The Relation between the Heat Capacities of a 
perfect gas 

fSH\ fSE\ 

Cp ^^-(^stX KSTJr 

But for a perfect gas 

Hence Cp—CD—nR for n molecules of gas; 
or Cp—Cv=R where Gp and G-o are the molal 
heat capacities. 

Compressibilities of a Perfect Gas.— 
The Isothermal Compressibility k of a perfect gas 

eVspap’ 

The Adiabatic Compressibility kb of a perfect gas 


/fs 




VKSPjs Cp'" 


KB— 


Gvl 

CpP 


Equation for Adiabatic ' Change of a perfect gas 
8P\ _CpfhP\ _ P 

sfA Ci-VseA ^ ^ 

Cp 


a 


where 


Gt} 



which is zero for a perfect gas, since 



See Table III for values of u for nearly perfect 
gases. 

Table III. — Joule-Thomson Effect foe 
Neably Peeeeot Gases. 
f dt,\ . „ 

Vdpy ” 

nelium ’ (pressure 1-200 atm.). 
t°C. -190 -140 -50 0 - 60 150 300 

/i -0-37 -0-52 -0-59 -0-60 -0-01 -0-02 -0-58 

Argon ® (pressure 1 atm.). 

t°0. -170 -150 - 50 0 50 150 300 

/t 3-01 1-75 0-58 0-42 0-21 0-18 0-002 

4-3 Osterberg, Physical Bcv. 1933. fli], 

®’ /ciem., ibid. 1934, [li], 46, 785. 


If Gp and Gv are independent of temperature 
(not necessary in the case of a perfect gas, see 
later) the integration of (2) leads to 

Per. v-y 

'Value of y for a perfect gas : y= ^ . 

0^; Cj; 

Ideal Gas — Kinetic Theory Definition, — 
On the basis of the Kinetic Theory a perfect 
gas may be defined as an assembly of atoms or 
molecules between which there is no energy of 
interaction and in which the volume occupied 
by the atoms or molecules is negligible with 
respect to the total volume of the assembly. 

The first of the above conditions means that 
the whole energy of the assembly is the sum of 
the kinetic energies of translation and of the rota- 
tional, vibrational and electronic energies of the 
individual molecules. The second condition 
means that the free volume available for the 
translational motion of the molecules is equal 
to the total volume of the whole system. For 
real gases these conditions are only held over a 
certain pressure range and as -the pressure on the 
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gas is_ increased deviations from these ideal 
conditions will become more serious 

As defined above, the heat capacity of the ideal 
gas is not necessarily independent of tempera- 
ture. Some workers have defined a perfect gas 
not only as one obeying the law pV= 7 iRT but 

also obeying =0. 

In terms of the above model this extra con- 
dition limits a perfect gas to an assembly of 
systems for which quantised changes in the 
internal energv' (rotational, vibrational and 
electronic) are not allowed. It is, however, 
sufficient to define an ideal gas as one obeying 
the law pV=nRT and this law can be derived 
statistically’- or kinetically on the basis of the 
above conditions of an ideal gas. 

M. G. E. 

IDENTIFICATION OF DYES ON 
TEXTILE FIBRES (u. Vol. IV, 1476- 
175c). 

IDITOL (v. Vol. n, 2964). 

IDOCRASE or VESUVIANITE. A 
mineral consisting of a complex silicate of cal- 
cium and aluminium, together with iron, mag- 
ne3iu2n, -water, fluorine, boron, etc. F. W. 
Clarke’s formula is R'4Al2Ca-Sie024, where 
R'4=Ca2, (AI0H)2, H4, etc. Cry^als are 
tetragonal and usually green or brown in colour ; 
sp.gr. 3*35-3-45, harffiiess 6?r. The mineral is of 
common occurrence in contact-metamorphic 
rocks, particularly crystalline limestones. Lus- 
trous, bro-wn crystals are common at Monte 
Somma, Vesuvius (hence the name vesu-vianite). 
Green crystals from Ala in Piedmont are cut as 
gems at Turin- A compact, massive variety^, 
mliforniie (Kunz, Amer. J. Sci., 1903, [iv], 16, 
397), has been found abundantly as blocks and 
boidders, measuring up to 6 by 3 feet, at several 
places in California (Siskiyou, Butte, Fresco and 
Tulare counties), and is used as a gem-stone 
and for larger ornamental objects. It is some- 
what translucent, takes a high polish, and ranges 
from bright green to yello-sGsh-green and white 
in colour, thus closely resembling jade in appear- 
ance (D. B. Sterrett, 3Iin. Res. U.S. Geol. 
Survey, Annual Reports for 1909 and 1910). 

L. J. S. 

IDRYL (a. Vol. V, 269c). 

“ IGLODINE. ’ Triiodoethylphenol. An anti- 
.ceptic {Iglodine, Newcasth-on-Tyne). 

IGMERALD {v. Vol. TV, 2796; V, ol3a). 

1 G N OT 1 N E (a. Vol. H, 392c). 

ILEX VOMITORIA, Alton. The leaves 
of this tree, gro-wing in the South Eastern States 
of America, have been found to contain notable 
amounts of caffeine; the percentage obtained 
from ten samples from different localities varied 
from 1-65 to 0-40 (F. B. Power and V. K. 
Chesnut, J. Amer. Gffiem. Soc. 1919, 41, 1307). 
The leaves are used by the Indians imder the 
name of “ Yaupoa ” as a stimvlant. 

ILICYL alcohol (17. Vol. I, 6924). 

ILLINIUM. D., At. no. 61; at. -wt. 147 
(approx.). 

J. A. Rarris and B. S. Hopkins by fractionally 
cry^stallising the magnesium double nitrates of 
the ceria earths were able, to secure a con- 1 


centration of element no. 61 between neody’- 
niium and samarium. The amount present was 
insufficient to make its detection certain by 
A-ray spectra and attempts to identify it by its 
absorption bands were comph'cated by>- the fact 
that neodymium and samarium both exhibit 
broad bands capable of masking those due to 
no. 61, In separations of these earths made 
through the bromates, terbium and gadohnium 
come between no. 61 and neodynaium and 
samarium respectively. Terbium has but one 
absorption band while gadolinium has none. 
It tjius became possible to observe strong bands 
at 5830, 5816 and 4520a., and two fainter bands 
aU attributed to element 61 ; Z-ray emission 
spectra of the samples showing these bands gave 
lines corresponding with the calculated positions 
for Loj and L^j of no. 61 . To the element thus 
indicated, the name “illininm ” was gives 
(J. Amer. Chem, Soc. 1926, 48, 1585, 1594). 
Rolla and Fernandes (Gazzetta, 1926, 56, 435) 
claimed priority for the discovery of element 61 
to which they gave the name “ florentium.” 

Cork, James and Fogg (Proc. Rat. Acad. Sci. , 
1926, 12, 696), working on similar lines to Harris 
and Hopkins, examined the neodymium con- 
centrates from large quantities of monazite sand 
since such concentrates might be expected to 
carry most of the illim’um. X-ray spectra of the 
fractions revealed in some of them the L series 
of element 61, the seven strongest lines being : 
02=2-289, aj=2-279, )Si=2-078, )33=2-038, 

)j2=1-952, 7 j= 1*799, y2=l-725. The amount of 
illinium oxalate estimated as being present in 
the fractions was from 1-1-5%. 

Determinations of the basicity of the element 
fay fractional precipitation -with sodium nitrite 
places it after neodymium and before yttrium 
in the series Pr, Nd, 11, Y, Sm (Hughes and 
Hopkins, J. Amer. Chem. Soc. 1933, 55, 3121). 

In spite of aU the foregoing work illmium does 
not yet figure in international tables of atomic 
Aveights and it is doubtful if the salts have been 
obtained sufficiently pure to establish definitely 
the individuality of the element. Indeed, 
Jensen (Raturwiss. 1938, 26, 381) has suggested 
reasons for questioning whether element no. 61 
can exist as a stable nucleus. 

G. R. D. 

ILL I PE BUTTER (v. Vol. I, 653c). 

I LL I P E N UTS (v. Vol. II, 314, S2a). 

I LL 1 P E N E (u. Vol. I, 6534). 

ILLURIC ACID (v. Vol. HI, 3386). 

ILLURIN BALSAM (u. Vol. in, 3386), 

ILMEN I TE, or Titaniferous Iron-Ore. A 
common mineral -with approximately _ the 
formula FeTiOg, but of variable composition. 
Analyses show Ti02 22— 59, FeO 20—46, Fe 203 
1-59%. In its rhombohedral crystalline form 
it shows a close agreement -with hmmatite, and 
it has consequently, until recently, been regarded 
as an isomorphous naixture of ferric oxide and 
titanium sesquioxide, the formula being -written 
as an oxide (Fe,Ti)203. The discovery of the 
rhombohedral titanates of magnesium and 
manganese, geildelite (MgTiOg) and pyrophonite, 
(MnTiOg), and the frequent presence of mag- 
nesi-um (and , manganese) in ilmenite, suggest, 
however, that the mineral is really a titanate 01 
ferrous iron, FeTiOg (S. L, Penfield, Amer. J. 
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Sci, 1897, [iv], 4, 108). In the variety picro- 
ilmenite a considerable amoimt of iron is replaced 
by magnesium, the formula then being 
(Fe,Mg)Ti 03 (T. Crook and B. M. Jones, Itlin. 
Mag. 1906, 14, 165). 

Ilmenite is black witb a sub-metalbc lustre, 
and often a smooth and lustrous concboidal 
fracture, sp.gr. 4-5-6 ; hardness 5-6. The massive 
mineral somewhat resembles magnetite in 
appearance, from which it is readily distinguished 
by its feeble magnetic character. It is of con- 
stant occurrence as isolated grains in the more 
basic igneous rocks (gahhro, diabase, basalt, 
etc.) ; and in certain instances it forms rich 
segregations in such rocks. . Enormous deposits 
of ilmenite are found under these conditions at 
several places in Norway, Sweden, Canada and 
the United States. With the weathering and 
breaking down of these igneous rocks, grains of 
ilmenite {manaccanite, from Manaccan in Corn- 
wall) collect in the beds of streams and on the 
sea-shore, sometimes forming considerable 
deposits of “ black iron-sand.” 

Although large deposits' of ilmenite are 
available for mining, the mineral has not yet 
found any important applications. It has been 
used for the preparation of titanium paints and 
•enamels; and in the future it may be more 
utilised for the manufacture of titanium-steel, 
which possesses great ductility and a high limit 
of elasticity. (See J. T. Singewald, The Titani- 
ferous Iron Ores of the United States, their 
Composition and Economic Value, U.S. Bureau 
of Mines, 1913, Bull. 64.) 

L. 'J. S. 

ILVAITE, Lievrite 'or Yenite. Acid 
silicate of iron and calcium, 

HCaFe^'Fe'"Si208, 

crystallised in the orthorhombic system. It 
contains theoretically FeO 35-2, Fe^Og 19-6% 
(Fe 41%), but the ferrous oxide is partly 
replaced by an equivalent amount of manganous 
oxide (up to 8-6%). Sp.gr. 3-9-4-1, hardness 
5|-6; gelatinises with hydrochloric acid. The 
mineral is found somewhat abundantly as 
briUiant black crystals and as compact masses in 
the iron mines at Rio Marina and Cape Calamita 
in Elba. It is also knorvn from Campiglia Marit- 
tima in Tuscany, Hebron in Nassau, British 
Columbia, Greenland and Japan. 

L. J. S. 

I M I DES (a. Vol. H, 371a, 375c). 

1 M I N ES . The imines are compounds in 
which the oxygen atom of a carbonyl group is 
replaced by NH, thus forming aldimines and 
ketimines from aldehydes and ketones respec- 
tively. Ketimines are often termed ketinaides 
in the hterature. 

The substituted aldimines are known as 
Schiff’s bases, but the unsubstituted aldi- 
mines have been isolated in a few cases only. 
Busch (Ber. 1896, 29, 2136) isolated benzald- 
imine hydrochloride, C 6 H 5 -CH:N H-HCl, by 
treating a benzene solution of the compound 

VN=C=SN:CHPh 
PhN/ I 
^CS-S 


with hydrogen chloride ; also (idem. ibid. 1896, 
29, 2144) by adding a saturated alcoholic solution 
of hydrogen chloride to hydrobenzamide in dry 
benzene at 5°C. 

A. Hantzsch and E. Kraft (ibid. 1891, 24, 
3517) obtained the ketimine of benzophenone by 
converting the ketone to the dichloro-compound, 
and treating this with urethane to obtain 

PhgCiN-COaEt, 

which was decomposed by hydrogen chloride 
to give the ketimine hydi-ochloride. To obtain 
the base they passed dry ammonia into a 
chloroform solution of the hydrochloride, filtered 
from the precipitated ammonium chloride and 
removed the chloroform in vacuo. 

Iminoacetoacetic ester may be prepared by 
the action of ammonia upon acetoacetic ester. 
The ketimine is tautomeric with jS-aminoacryhc 
acid ester. See K. von Auwers et al., on ket- 
imine-enamine tautomerism (ibid. 1930, 63 [BJ, 
1072; 1931, 64 [B], 2758). 

J. E. Thorpe and his colleagues investigated 
reactions of the type 

Et02C-CH2-CN + CHNa(CN)C02Et 

Et02C-CH2-C-CNa(CN)C02Et 


(Thorpe, Baron and Remfry, J.C.S. 1904, 85, 
1726). 

Eor a summary of the Thorpe reactions, see 
Uinstead, ibid. 1941, 453. 

Trichloroacetonitrile, in the presence of 
aluminium chloride, condenses with toluene, 
mesitylene, tetraline, phenol, l:4:5-xy]enol, 
3:5-dimethylanisole, thymol and carvacrol to 
give the corresponding ketimines (J. Houben 
and W. Eischer, Ber. 1 930, 63 [B], 2455). 

G. Mignonac (Chem. Zentr. 1935, I, 1201) 
attempted to prepare the aldimine by catalytic 
reduction of the nitrile or oxime and by dehydro- 
genation of the amine, but was unable to isolate 
the free base; he was more successful in the 
preparation of ketimines, e.g. phenylnaphthyl- 
ketoxime gave phenylnaphthyUietimine, m.p. 

os-eo^c. 

Substituted ketimines may be prepared from 
the ketone and the sodioamine (U.S.P. 1938890 ; 
Chem. Zentr. 1934, I, 3801). 

■“ IMOGEN.” “ Eikonogen” (q.v.) modified by 
the introduction of a second amino-group ; used 
as a photographic developer. 

IMOGEN SULPHITE was an Agfa 
preparation said to consist of eikonogen mixed 
with sodium sulphite. 

IMPERIALINE (v. Vol. V, 330a). 

INCARNATRIN (v. Vol. HI, 207a). 

INCONGRUENT MELTING-POINT. 
— When two substances A and B form a com- 
pound of the general type Aj-By which, however, 
is so unstable that it decomposes completely at a 
temperature below its melting-point, the phase- 
equilibrium diagram for the system is that shown 
in the figure; the compound as illustrated in 
this case is a 1:2 compmmd ABj. This diagram 
refers to the “ condensed ” system, i.e. oniy 
Sohd and h'quid phases are considered. A and 
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B represent the melting points of the pure 
substances A and B respectively, and C repre- 
sents the eutectic, the temperature below which 
no liquid phase can exist. At a temperature E 
below its hypothetical melting-point D, the 
compound AB 2 dissociates completely into 
liquid and the pure component B. The point E 
is called the incongruent melting-point of the 
coTtipound. It differs from a inie melting- 
point in that the sohd and liquid phases in 
equilibrium rvith one another at this temperature 
are of different composition. At the point E 
the condensed system is invariant, i.e. the 
temperature of E is fixed, since there are two 
solid phases, ABg and pure B, and one liquid 
phase in equihbrium.' Hence if a liquid of 
composition F is cooled, the solid which sepa- 
rates first is B, and when the temperature falls 
to E, formation of the solid ABj begins. The 
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coloured compounds containing the diroan’’ 
phore system (I) where X is either NH or 0-' 




temperature then remains constant at E until 
one of the phases (either sohd B or the liquid 
phase, depending on whether F is to the left or 
the right of D) disappears, yielding either sohd 
ABg -r hquid or sohd B -f solid ABg. This 
arrest in the coohng curve at the incongruent 
melting-point is verj" similar to the phenomenon 
observed at the transition point when a sub- 
stance exists in two enantiotropic forms (t,e. 
two modifications each of which is stable over a 
certain range of temperature and pressure and 
which undergo reversible transformation of one 
into the other under fixed conditions of tempera- 
ture and pressure). For this reason the point E 
is frequently referred to as a transition point. 
Tlie two cases can, of course, easily be distin- 
guished by an examination of the sohd phases. 

For m.p.— composition diagrams of other 
binarj’^ mixtures and compounds, tec Vol V, 
242d, 2r,0c. 

G C ET 

INDACONITINE (f. Vol. r, I22d). 


In the specific instance (I), the colour is assnra.,;] 
to be due to resonance between the niolccubir 
structure as depicted and alternative structure 
invohmg ring (ii) in a quinonoid S 3 -stcni (Ihirv, 
J. Amer. Chem. Soc. 1935, 57, 2115). The dvc- 
stuffs of this group, usuallj- blue-green to riolft 
in colour, contain at least one basic auxochromic 
group in o- or p-positions in ring (ii) so that 
‘‘normal” indophenols (or more precisely 
“ indoan^nes ”) (II) and “ acid ” indop]ien(;Ij 
(in) which are wholly phenolic in nature may 
be envisaged. 


O:/ \=N— \nH. 

n. ~ 


0 ;( 




\~N 

/ \ 

in. 


^OH 


Historical . — ^Although an impure indamino 
had been obtained as an intermediate in the 
preparation of safranine and probably even 
earher by oxidation of aniline alone, the first 
pure preparation was achieved by Witt (Ber, 
1879, 12, 931 ; J.C.S. 1899, 75, 350) by the 
interaction of the hydrochloride of p-nitroso- 
dimethylaniline and m-toluylenediamine. Tlie 
first representatives of the ” acid ” indopbenoh 
were obtained by Hirsch (Ber. 1880, 13, IDOD) 
by the condensation of quinone chlorinjfdo iritb 
phenols in concentrated sulphuric acid (c/. al'o 
Mohlau, ibid. 1883, 16, 2845). Owing to their 
fugitiveness towards acids indophenols are of 
h'ttle value as dyestuffs, but comraercia! in- 
dophenol (v. infra) and others of its cla=.~ may 
be applied as vat dyes as they rcadil}' vicld 
leuco-derivatives (substituted diphenylaminc'') 
and, moreover, yield with indigo a mixtun* 
which simulates in many respects indigo itself— 
0 %ving, probably, to chemical association of fh'’ 
two dyestuffs. This vat blue has now, liowcvcr. 
been largely* replaced by .synthetic indigo r.i.d 
sulphur colours ; many of the latter arc dircf t!y 
obtained from indophenols _ which have thn- 
assumed some renewed importance. Indo- 
phenols arc aLso of value as interraediatas in tlK 
dye industry. They aho afford a ready source 
of diphenylamino derivatives. 

Preparation. — {a) By condemin^ nit try- >■ 
amines or nitro=^ophcnoh (quinone oxitne-,) vda 
amines or phenols. Thim p-nitro^odirneihyi- 
aniline afford- with dimethylanihne 't- 

srhedler'e Green (IV) or with c-naphthol /t'-O' 
phenol Blue (V). 
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V. 


{b) Indophenols and indamines are obtained 
by oxidising mixtures ofp”-diamines orp-amino- 
phenols with bases containing a free position 
para to .the basic group ; suitable oxidising 
agents are manganese dioxide or lead peroxide 
(Nietzki, ibid. 1895, 28, 2969) or potassium chro- 
mate or dichromate in neutral or acid solution. 
In this way aniline and jj-phenylenediamine 
yield the simplest indamine, Thenyleve Blue 
\v. infra). 

(c) Many indamines and indophenols are 
obtainable by processes recalling (6) but in 
which the oxidation has been effected prior to 
condensation. Thus quinonechloroimides and 
aromatic bases yield indophenols : 


C6HCl3(:0):NCl -f CgHg-NMea 


Cl 



wliilst “ acid ” indophenols are formed when the 
second component is a phenol. Dichloroimides 
react with phenols to give more complex indo- 
phenols in which three nuclei may be regarded 
as comprising the chromophore : 


P-C6H4{:NC1)3+2C6H5-0H 


HO 0-^=0 =N— 


Indophenols of these simple types are often 
formed as intermediates in the production of 
phenazine, oxazine and thiazine dj^estufifs (c/. 
Eichler, Monatsh. 1937, 70, 73), and others such 
as carbazole indophenol (a. infra) have found 
particular application in the manufacture of 
sulphur colmrrs. 

Properties. — ^IMost indophenols are blue or 
green in colour, their simple salts being soluble 
in water. Such solutions have little direct 
affinity for vegetable fibres and their limited 
direct apphcation is due to their ability to take 
up two atoms of hydrogen with formation of 
leuco-compounds which may be re-oxidised to 
the dyestuff. Indophenol itself has been used 
in this way in association vdth indigo. These 
dyeings are fugitive to acids as indophenols 
readily undergo fission into p-quinones and- thus 
their more important application lies in their 
further conversion into sulphur colours. Oc- 
casionally it is advantageous to synthesise the 
leuco-compound and subsequently oxidise it; 

Von. VI. — 27 


thus the product of the reaction between m- 
toluylenediamine and formaldehyde bisulphite 
compound is condensed with p-nitrosophenol 
and finally oxidised and the indophenol heated 
with sulphur and sodium sulphide to give 
Thionol Purple (B.P. 24008, 1906). The readi- 
ness with which indophenols are reduced makes 
them valuable indicators in the determination of 
oxidation-reduction potentials, particularly in 
bacteriological and other biological systems (see 
L. P. Hewitt, “ Oxidation-Reduction Potentials 
in Bacteriology and Biochemistry,” 2nd ed., 
London, 1933). 

The following account includes the more 
important commercial dyestuffs and inter- 
mediates of this type : 

Phenol indophenol 

\_N=/ \:0 

is of no direct importance but on treatment with 
sulphur and sodium sulphide yields a fast dye 
resembling indigo (Fierz-David, “ Kunstliche 
organische Farfetoffe,” J. Springer, Berlin, 
1933). 

Aniline indoaniline. 


NH„ 


y 




):NH2C1 


Phenylene Blue, is prepared by oxidising an 
equimolecular mixture of ^-phenylenediamine 
and aniline hydrochloride with cold aq. potas- 
sium dichromate (Nietzki, “ Chemie der orga- 
nischenFarbstoffe,”5th ed., Berlin, 1906, p. 200). 
The hydrochloride crystallises in green needles 
which dissolve in water to a greenish-blue solu- 
tion. In acid solution Phenylene Blue is 
moderately rapidly hydrolysed to benzoquinone 
and possesses therefore little stability. It is 
converted by boiling ivith aniline hydrochloride 
solution into Plienosafranine : 


NH„/ N=/ \nH 

\=/ \=/ 

NHoHCI 


+ 


NH 




J>NH, 

NCI 


Phenol indo-o-toluidine. 


HO^ \:NH 


produced by direct condensation of o-toluidine 
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wifch j?-mfcrosophenol '(U.iS.P, 727387), is the 
source, after fusion %vith sodium sulphide and 
sulphur of the cotton dyestuif Thionol Blue. 

' Phenol indomethylaniline, 



is, after sulphonation, converted into an indigo- 
like dye hy fusion. with sulphur and sodium 
sulphide (6.P. 129024, 129325). 

Phenol indoA-elhylamino-o-ioluidinei 


Me 


HO< 




):NH 


NHEf 


_ An ili-defined indamine used for the prepara- 
tion of coloured lakes and cheap coloured papers, 
etc., is obtained by oxidising l:2-naphthalene- 
diamine sulphonic' acids (6.P. 224442) which 
contain halogen in the 8-position (G.P. 431943) ' 
with ferric salts.. These yield particularly 
bright shades of green on incorporating yellow 
azo-dyestuffs. 

The indophenol obtained from p-nitroso- 
phenol and a-naplithyl amine is the source of 
Suldura Oreen. 

Garbazole indophenol, 


NH 



yields on fusion with sulphur a bright purple 
dyestuff of value in dyeing and printing cotton 
(U.S.P. 829740). 

Telramelhylphenylene Blue, 


NMe, 


\ 


-N=^ 


;NMeoCl 


Bindsckedler's Green (Bindschedler, Ber. 1880, 
13, 208; 1883, 16, 865), is obtained by 

condensing ^-nitrosodimethylaniline with 
dimethylaniline (c/. also Wieland, ibid. 1915, 
48, 1087). The commercial dyestuff usually 
consists of its double salt with zinc chloride. 

Toluylene Blue, 


Me 


HgN 


/ 

V 


-N=^ 


\ 


rNMegCI 


NH, 


(+HjO) 


is formed on oxidising ^-dimethylaminoaniline 
and «i-toluylcnediamine (Witt, Bcr. 1879, 12, 
931 ; G.P. 15272). The monohydrochloride 
crystallises in bronze-coloured crystals, 
a-Naphihol Blue, 



is prepared commercially by reducing p-nitroso- 
dimethylaniline and condensing the resulting 
amino-compound with a-naphthol in warm 
caustic alkali, finally oxidising the leuco-com- 
pound at 0° to +2° wdth sodium hypochlorite 
(Witt, J.S.C.I. 1882, 1, 255; G.P. 1591.5, 
18903, 19231). The free dye, which separates 
as a dark bro\vn powder, is almost invariably 
applied as a rat dyestuff (e.g. in cotton printing) 
and hence is found on the market as the tin 
salt of its leuco-compound {Indophenol While). 
It is still more frequently used as a vat mixture 
■with indigo, but its most important use lies in 
the production of the sulphur colour Thio- 
Phorindigo. 


is the dye obtained by condensing p-nitroso- 
phenol with carbazole in concentrated sulphuric 
acid at >30° (G.P. 230119; U.S.P. 919572, 
931598, 1465853) or by oxidising carbazole and 
p-aminophenol in sulphuric acid •with manganese 
dioxide. 

Carbazole Indophenol forms a dark violet 
powder, insoluble in water, and is the source of 
sulphur colours (G.P. 218371) such as Hydro 
Blue R (U.S.P. 956348). The corre.sponding 
chloroindophenols derived from chlorocarbazoles 
or chloro-p-nitrosophenols are claimed to yield 
sulphur colours faster to bleaching (G.P. 
235364). 

The corresponding halogeno-N-ethylcarbazole 
indophenol is prepared similarly and converted 
by boiling with sulphur and sodium sulphide in 
alcohol into Sulphanihrene Blue 0 (G.P. 222640, 
235364). Similar' products from benz- and 
naphtho-carbazoles and nitroso-phenols or 
-cresols have also been described (P.P. 818684). 

The sulphur colours obtained from the com- 
plex indophenol. 



pared from p-nitrosophenol and diphenyl- 
ine at —20°, is the subject of patent claims 
S.P. 1777757). More complex compounds of 

f.VDP. 


type 

i'0)j 


A 


\-o 


where R'=H or alkyl and R= alkyl or cyclo- 
alkyl yield greenish-blue sulphur colours (B.P. 
467920). . . , . 

Another type of indophenol is obtained by 
replacing the hydroxyl group in a 6- or 8- 
arylamino-2-hydroxy-3-naphthoic acid by an 
indophenol residue, followed by loss of carbon 
dioxide and oxidation of the leuco-compound 
(B.P. 334700). ' . , 

In addition to the above well characterised 
indophenols more drastic oxidation of aromatic 
ba-ses containing a free position p- to the amino- 
residue gives rise to still more complex struc- 
tures which may be regarded however as con- 
taining the indophenol chromophoric nucleus. 
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Thus oxidation of aniline with chloric acid in nuclear Ememldine (Green and Woodliead, 
presence of vanadium salts affords the octa- J.C.S. 1910, 97, 2388; 1912, 101, 1117): 



Emeraldine is further oxidised’ by hydrogen peroxide to Nigraniline 



and finally to Pernigraniline 



In accordance ■with the proposed quinoneimine a structure is assumed in which alternate imine 
structure {Literatim: See Schultz, Farbstoff- residues have become members of phenazino 
Tabellen, 7th ed., I, 619) these are unstable systems: 
towards acids, and for the stable Aniline Black 








(5 , II 


PhNCI PhNCl PhNCI 

A. H. C. 

INDANTHRENE COLOURS {v. Vol. I, the explosive nature of the picrates. One 
414-427). hydrogen atom of indene is however replaceable 

INDANTHRONE (f. Vol. I, 411d, 414d). by sodium by treating with the rdetal, preferably 
INDAZINE (v. Vol. I, 577c). in presence of ammonia or other bases such as 

INDENE, CgHg /"V pyridine or aniline (G.P. 209694, 206465), and 

1 ^ Weissgerber has utilised this reaction to isolate 

I indene by distilling off unreacted material and 

i then decomposing the indene sodio-compound 

with water (Ber. 1909, 42, 669 ; .c/. Courtot and 
is a liquid hydrocarbon of grooving industrial Bondelinger, Ann. Chim. 1925, [x], 4, 231). 
importance. It occurs as a constituent of coal- ^ore recently, processes consisting in freezing 
tar naphtha, being contained chiefly in the indene out of naphtha fractions containing 80% 
fraction of b.p. 175-185°, and in derived products indene at —25° have formed the subject of 
such as coal gas and carburetted water-gas pS'^^nt claims (U.S.P. 1943078 ; B.P. 405900). 
(Dennstedt and Ahrens, Ber. 1894, E27, 602) The structure of indene is indicated by its 
which may contain as much as 100 g, of indene unsaturated character, e.g> towards bromine, 
in 1,000 cu. ft. (Ward, Jordam and Fulweiler, formation of phthalic acid by oxi- 

Ind. Eng. Chem. 1932, 24, 969, 1236 ; 1934, 26, dismg with 30% nitric acid (Kramer and Spilker, 
947, 1028). Being produced by pyrolytic de- a number of syntheses such as the 

composition of carbonaceous material indene is following (yon Baeyer and Perkin, Ber. 1884, 17, 
found less abundantly in low-temperature car- ^25; c/. Kipping and Hall, ibid. 1900, 77, 469) 
bonisation distillates (Weissgerber, Brennstoff- confirm this structure : 

Chem. 1924, 5, 208 ; Ber. 1928, 61 [B], 2111), but Br 

on the other hand is formed in considerable ® . NaC(COR) 

amount by pyrolysing mixtures of acetylene pu rp a f a 12 

and hydrogen (R. and W. Meyer, ibid. 1918, 51, ^ 

1571) or natural gas (Bu’ch and Hague, Ind. \ “ 

Eng. Chem. 1934, 26, 1008). _ j rfrnn^ 

The isolation of indene was first effected by 1 2 /a 

fractionating higher-boiling portions of coal-tar 

light oil (Kramer and SpUlrer, Ber. 1890, 23, ^ 

3276) and converting the enriched mixture into 

picrates. On distilling the picrates in steam, • \ 

those of naphthalene and conmarone are un- CH-COgH 

affected whilst indene picrate is broken doum / 

and indene is recovered from the distillate (c/. CHg 

Orlow, Protjanowa and Flegontow, Chem. Zentr. 

1937, I, 3435). Although 3 g. of crude indene j.rn j-U 

were obtained from 10 g. of naphtha the method U a'v R j 

is unsatisfactory and even dangerous because of , X-/" 


— CHgBr 
— CHgBr 


N32C(COoR)2 


CHo 

C(C02H)2 

CHg 

CH„ 

CHCOgH 


+ CO2+H2 
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Indene is also available synthetically from its 
derivatives such as a-'hydrindone. Raman 
spectra indicate (Matsuno and Han, Bull..Chem. 
Soc. Japan, 1930, 11, 321) that indene is a 
resonance hybrid of the two structures : 






A recent synthesis of the indene nucleus which 
is of extended application consists in dehydrating 
suitable pinacones, e.g. a-benzyl hydrobenzoins, 
with acetyl chloride or phosphorus pentoxide 
to yield 1 :2-diarylindenes. Orekhoff and Tif- 
feneau (Bull. Soc. chim. 1922, [iv], 31, 263) 
formulated the reaction as a simple dehydration 
between one of the pinacone h3'^droxyl groups 
and a hydrogen atom attached to one of the 
aromatic residues : 


CPhOH 
HO-CHPh 



CHPh 


Blum-Bergmann on the other hand suggested 
(Ber. 1932, 65 [B], 109) the alternative scheme: 


-CH-OH 

'cPh-OH -> 

/ 


H 


PhCH, 


CH'OH 



-CH'OH 

CPh 

CHPh . 
-CH 

II 

CPh 


Again, the simpler a-mefchylhydrobenzoin is 
now known to yield on dehj’^dration not a 
hydrocarbon, C3QH24, as formerly supposed, 
but 2-phenylindene, CigHjg: 


-CH-OH * 
CPhMe-OH 




CH-OH 




CHPh 

. 



CH. 


It should be mentioned that the reaction is not 
a general one and Blum-Bergmann states that 
ethylhydrobenzoin and benzylhydroanisoin and 
other aromatic pinacones do not yield indene 
derivatives. 

The formation of indene derivativ^es (Zincke 
and co-workers, ibid. 1886, 19, 2500 ; 1887, 20, 
1265, 2894, 3216; 1888, 21, 491, 2381, 2379; 
1894, 27, 744; Annalen, 1892, 267, 319; 1894, 
283, 341 ; 1898, 300, 197) by the rearrangement 
of naphthalene compounds containing stronglj- 
negative substituents is of some interest, e.?. : 




C(0H)2 
CHCI 


C(0H)C02H 


on the evidence that the change is not exclusive 
to benzyl pinacones but can also take place with 
fatty-aromatic pinacones. Thus the product of 
dehydrating acetophenone pinacone, although 
previously regarded as 9:10-dimethylanthracene, 
was identified as 2-phenyl-3-methylindene : 



CMe-OH 

1 


CMePh-OH 1 / 


-CMe-OH 


CMe-OH 




The last w-as synthesised by the classical method: 
CH2 

CHPh-C02 


— CH, 

I 


CHPh 
cl^ e-OH 



CMe 


The purified hydrocarbon CiqHjq from the 
coal-tar naphtha, b.p. 200-210°, yielded on 
oxidation a mixture of trimeUitic and hemimel- 
litic acids indicating the probable presence of 
the four possible methyh'ndenes in the hydro- 
carbon mixture (Boes, Ber. 1902, 35, 1762). 

Physical Properties . — ^Indene is a colourless 
mobile oil, b.p. 182°, m.p. —2°; this compara- 
tively high melting-point, together lyith'a high 
molecular depression (7-28°) make indene a 
convenient solvent in cryoscopic determinations 
of molecular weight (Kdatt, Z. physikal. Chem. 
1934, 171, 454). Indene readily \ polymerises 
not only by chemical reactions (wl infra) but 
also by the action of light, heat ana( high pres- 
sure (U.S.P. 1952116). Polymerisation- by ex- 
posure to sunlight or ultra-violet liglat (Gimtz 
and hlinguin, Compt. rend. 1911, 1152,. 3/3; 
Ciamician and Silber, Ber. 1913, 46, 420’; Weger 
and BiUmann, ibid. 1903, 36, 642) can' proceed 
in absence of other catalysts but is favoured hv 
the presence of air. Thermal rearrangements 
with polymerisation giving rise to truxene, 
chrysene, etc., have also been described. 

Chemical Properties. — The following reactions 
of indene are important : 

(a) Those in which the double bond in the 5- 
membered ring functions as an olefinic 
linking. 
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(b) Reactions in which the aromatic ring is 
substituted. 

(c) Reactions of aliphatic character involving 
the methylene group. 

(a) Indene exhibits many of the properties of 
an olefin. Thus relatively mild reduction (Cook 
and Linstead, J.C.S. 1934, 946) affords the more 
stable compound indane {hydrindene). Indane 
possesses most of the aromatic properties of 




-CHj 

CH, 


CHa 

Indane. 



Indane-5-sulphonic acid. 


indene but the 5-membered ring is practically 
devoid of the reactivity it exhibits in indene 
itself. Thus indane may be sulphonated to 
yield the readily crystallisable 5-sulphonic acid 
(Cook and Linstead, lx.) and nitrated to a mix- 
ture of 4- and 5-nitroindanes which are them- 
selves reducible to aromatic bases (Braun, 
Arkuszewski and Kohler, Ber. 1918, 51, 291). 
More drastic hydrogenation results in reduction 
of the aromatic ring to yield perhydro- (or 
hydr-) indane (Ipatiew, Chem. Zentr. 1913, II, 
1975) and finally in presence of ferric oxide on 
alumina (Ipatiew and Orlow, Ber. 1929, 62 [B], 
593), benzenoid hydrocarbons, a resin and 
hydrindene are formed. 

The difSculty of forming chrysene from steroid 
compounds by dehydrogenation over selenium 
or palladium was solved by Ruzicka and his co- 
workers who showed that temperature was the 
controlling factor. The same effect was noted 
with a- and /3-methylhydrindene which are un- 
changed over selenium or palladium at 360° but 
form naphthalene, slowly at 400°, readily at 
450° (Helv. Chim. Acta, 1935, 18, 676 ; cf. G.P. 
596191). 

Hydrogen halides and halogens usually form 
simple addition products with indene. Whilst 
the action of hydrogen fluoride is polymerising 
rather than _ additive, chloroindane is obtained 
by the action of gaseous hydrogen chloride at 
0° (Courtot and DondeKnger, Ann. Chim. 1925, 
[x], 4, 345) and less stable bromo- and iodo- 
...malogues are obtained similarly. A liquid 
1 , ' 'ue dichloride (Spilker, Ber. 1893, 26, 
‘ ' and a crystalline dibromide (Ej-amer and 

..J' I", ibid. 1890, 23, 3279) have been de- 

- d ; both are readily converted into 
icteristic hydroxyhahdes by hydrolysis 
. ‘ ^vn and Howard, Ind. Eng. Chem. 1923, 15, 


r: - -)•, 

„ .. Ith nitrous acid indene affords two nitrosites 
[^^'^'"nnstedt and Alirens, Ber. 1895, 28, 1332). 
^"^''dition of two hydroxyl groups to the olefinic 
may be effected with potassium perman- 
-/^‘Sato (Heusler and Schieffer, ibid. 1899, 32, 
A crystalline addition compound with 
chloride has been obtained (Perrot, 
'glljhnpt. rend. 1936, 203, 329). 

^^fhe double linkage in the 5-membered ring of 
jg^icne imparts to it many of the properties of 
37 ' j fopentadiene and may also be responsible for 
, ’ behaviour on oxidation, resinification and 
°|asequent poljTuerisation. 


(6) Aromatic properties of indene and its 
derivatives call for little mention beyond that 
under (a). Derivatives are rarely if ever 
obtained by direct substitution in the aromatic 
ring owing to the readiness with which indene 
undergoes polymerisation. Derivatives of in- 
dene and especially of hydrindene of this type 
are purely aromatic in character. 

(c) Sodium indene is readily formed by re- 
placement of one hydrogen atom of the methy- 
lene group by sodium using sodamide (Weiss- 
gerber, Ber. 1909, 42, 569). The sodium can be 
replaced by alkyl groups yielding 1-alkylindenes 
(Marckwald, ibid. 1900, 33, 1504) ; these all 
exhibit the autoxidation behaviour of indene 
itself, and higher indenes have for this reason 
been proposed with driers to replace linseed 
oil (G.P. 305515). Indene also condenses with 
aromatic aldehydes and ketones in presence of 
sodium alkoxide (Thiele and Merck, Annalen, 
1918, 415, 262) to yield compounds of the type : 



2R-CHO 

NaOAlk 


-C;CHR 

I 

CH 

C-CHROH 


Somewhat similar is the reaction with ethyl 
oxalate in presence of alkali to yield indene-l- 
oxalyl ester (Weissgerber et al., Ber. 1900, 33, 
773; Thiele, tbid. 1900, 33, 851). With oxaljd 
chloride, however, a carboxyl group is intro- 
duced into the 2-position whilst indene-l- 
carboxylic acid is formed by the action of carbon 
dioxide on sodium indene (Wislicenus, Ber. 1911, 
44, 1440; Annalen, .1924, 436, 16). As with 
pyrrole the methylene group of indene confers 
on it the ability to react with Grignard reagents 
•with the formation of indene-Z-maynesium 
halides (Courtot, Ann. Chim. 1915, [ix], 4, 76 ; 
Grignard and Courtot, Compt. rend. 1911, 152, 
272). 

Indene Derivatives . — A general method for 
the production of indene derivatives consists 
essentially in the dehydration of benzenoid com- 
pounds containing the grouping Ar-C-C-CO. 
Thus benzylacetone and sulphuric acid yield 
1-methylindene : 



CMe 


Polyindenes. — ^The production of resinous 
products bj”^ the ready polymerisation of indei.e 
is of increasing industrial importance. Although 
the use of catalysts, e.g. sulphuric acid (Kramer 
and Spilker, Ber. 1900,’ 33, 2260; Weger, Z. 
angew. Chem. 1909, 22. 345) presents advantages, 
Whitby and Katz have shown that however pre- 
pared a regular series of polyindenes is obtained 
which may be separated by fractional precipi- 
tation (J. Amer. Chem. Soc. 1928, 50, 1160; 
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Canad. J. Res. 1930, 4, 344 ; mechanism of poly- 
merisation, Tammann and Pape, Z. anorg. 
Chem. 1931, 200, 113). A number of workers 
have observed that under specified conditions, 
e.g. using dilute sulphuric acid, molecules of 
relatively well-defined complexity may pre- 
dominate. Thus Weger {l.c.) prepared a tetra- 
mer by the action of concentrated sulphuric 
acid on a benzene solution of indene (c/. Stobbe 
and Parber, Ber. 1924, 57 [B], 1838) whilst 
Kramer and Spilker [ibid. 1890, 23, 3278 ; 1900, 
33, 2260) and also klarcusson (Chem.-Ztg. 1919, 
43, 109, 122) obtained higher polymers 

where 71=11-12 {paraindene), and 
melamdenes where »= 16-22 are obtained by the 
action of sulphuric acid on indene in absence of 
solvent]. 

Somewhat similar control may be exercised in 
the use of other catalysts of which halogen 
hydrides {v. supra) and partieularly Friedel- 
Crafts catalysts are important examples. Thus 
highly polymerised indenes and resins may 
result from the action of oxygen and peroxides 
(Staudinger and Lautenschlager, Annalen, 1931, 
488, 1 ; Adldns and Houtz, J. Amer. Chem. Soc. 
1931, 53, 1058) and of stannic, antimony and 
boron chlorides, etc. (Staudinger et al., Helv. 
Chim. Acta, 1929, 12, 934, 958, 962; Whitby 
and Katz, J. Amer. Chem. Soc. 1928, 50, 1166). 

Crude polymers resulting from the action of 
sulphuric acid on indene are usually red, but 
purified products form colourless compounds the 
softening point of which varies quite regularly 
with the molecular weight. Each molecular 
variety contains one double bond in each mole- 
cule (for general accounts, see Risi and Gauvin, 
Canad. J. Res. 1935, B, 13, 228; Hugel, BuU. 
Assoc, franc. Techn. Petrole, 1937, No. 39, 25). 

Di-indeve, m.p. 57-58°, contains one olefinic 
linkage as it readily yields a dibromide, m.p. 
120°, and is oxidised by chromic acid to a- 
hydrindone (Stobbe and Farber, Ber. 1924, 57 
[B], 1838). It contains, however, only one re- 
active methylene group (Bergmann and Tau- 
badel, ibid. 1932, 65 [B], 463) and is formulated 

CgH^-CH CcH^-CH^ 


CHg— C CH— CH.^ 


Whitby and Katz (J. Amer. Chem. Soc. 1928, 
50, 1160) formulate higher polyindenes similarly 
as they behave as unsaturated compoxmds 


CgH^-CHa 


CgH4-CH2 


CH, 






-CH— CH- 


72,-C — C H 


although Staudinger et al. represent them as 
large rings (Helv. Chim. Acta, 1929, 12, 934). 
These higher jjolymers undergo some depoly- 
merisation on heating and may be hydrogenated 
with partial depolymerisation. 

Indene polymers and eoumarone resins 
[v. Vol. Ill, 413c) are finding application in 
industry, usually in association with tung oil, 
in paints, enamels, etc. (cf. U.S.P. 1019666). 
They are also used in other combinations as 
softeners for rubber (U.S.P. 2095630), adhesives 
(G.P. 652007), binders for tiles (Canad. P. 
372911), and it has also been proposed to utilise 


indene resins with formaldehyde (B.P. 319444), 
with pitch-resins from coal-tar (U.S.P. 1356103), 
and by condensation with maleic anhvdride 
376479) and in other ways. 


I N D E R 1 T E , Hydrated magnesium borate, 
2 Mg 0 ' 3 B 203*1 SHgO, occurring as small, white 
to pinkish, reniform nodules in red clay in the 
borate deposits, which were discovered in 1934 
near the Inder salt lake, 150 km. north of the 
Caspian Sea in western Kazakhstan. The aci- 
cular, orthorhombic crystals show relations to 
ingoite ( 2 Ca 0 - 3 B 203-1 SHgO). (A. M. Bold- 
yreva and E. N. Egorova, Mat. Central Sci. 
Investig. Geol. Prospecting Inst. U.S.S.R. 1937, 
General ser. No. 2; A. M. Boldyreva, Mem. 
Soc. Russe ]Min. 1937, [ii], 66, 651; M. N. 
Godlevsky, ibid. 1937, [ii], 66, 315 ; G. B. Boky, 
BuU. Acad. Sci. U.R.S.S. ser. Chim. 1937, S71.) 


L. J. S. 

INDIAN BUFFALO GRASS (v. Vol. II, 

482c). 

INDIAN FIRE,?). Bengal Lights. 


INDIAN GUM or GHATTI GUM is a 


gummy exudation from the stem of Anogeissus 
latifolia Wall., occurring in vermiform or 
rounded tears, coloured pale yellow and of a 
vitreous lustre. Soluble in water, forming a 
viscous adhesive mucilage. 

INDIAN HEMP RESIN (v. Vol. H, 269). 
Indian hemp {Cannabis indica, G. saliva) is 
official in the Spanish, French, Belgian, Swiss 
and U.S. Pharmacopoeias. The drug consists 
essentially of the resinous exudate of flowering 
and fruiting tops of Cannabis saliva, an annual 
indigenous to Central Asia and the Northern 
and Western Himalayas. Described according 
to origin and mode of preparation by a variety of 
names {e.g. hashish, marihuana, charas, ganja, 
bhang, etc.) it is one of the commonest drugs of 
addiction in Asia, Africa and America. Eaten 
or smoked it produces an intoxication com- 
mencing with a pleasant lethargy in which there 
is distortion of space and time followed often by 
horror and depression. The resin separated 
from the leaves and known in this form as charas 
is an important article of commerce between 
Turkestan and India. For reports on G. indica 
by the League of Nations Commission on Traffic 
in Noxious Drugs, see Amer. Chem. Abstr. 
1938, 32, 8073 ; 1939, 33, 2283. The cultiva- 
tion of C. saliva and its use in medicine is regu- 
lated in the U.S.A. by the Marihuana Tax Act, 
1937. In the form of tincture or extract the 
drug has been prescribed as a narcotic and 
anodyne, but was removed from the British 
Pharmacopoeia in 1932. 

In North America the name Indian hemp is 
applied not to C. saliva but to Apoctjnum canna- 
binum, known also as Canadian hemp, which 
contains the cardiac glycoside cymarin (d. \ ol. 
II, 8366 ; Vol. Ill, 538a), and accidents have 
been caused by the confusion of names. A 
comprehensive account of the hemp drugs is 
available in the monograph “ Blarihuana ” by 
Walton (Lippincott, New York, 1938); short 
reviews are given by Adams (Science, 1940, 92, 
115), Todd (Nature, 1940, 146, 829) and Mac- 
donald (Nature, 1941, 147, 167). 

Cannabis resin yields on distillation an 
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essential oil containing ^’-cymene with small 
'amounts of other substances including 1-methyl- 
4-isopropenylbenzene and a-caryophyUene 
(Simonsen and Todd, J.C.S. 1942, 188), 

and a high hoiling viscous liquid known as 
“ crude cannahinol ” or “ red oil ” which con- 
tains the active principle of the drug. From 
this material the following inactive compounds 
have been obtained : 

Cannahinol; CjiHgoOg, m.p. b.p. 140- 

150°/10~® mm. (bath temp.), occurs in large 
amounts in Indian and Egyptian resin and in 
smaller quantity in American resin. Its con- 
stitution as 6"-hydroxy-2:2:5'-trimethyl-4"- 
w-amyl-dibenzopyran (I) has been established 
by complete synthesis (Ghosh, Todd and 
Wilkinson, J.C.S. 1940, 1121, 1393 ; Adams, 
Baker and Weam, J. Amer. Chem. Soc. 1940, 
62, 2204). For isolation from Indian resin as 
^-nitrobenzoate, see Work, Bergel and Todd 
(Biochem. J. 1939, 33, 123). 

Gannabidiol, CjiHgoOg, m.p. 66-67°, b.p. 
160-180°/] 0~® mm. (bath temp.), has been iso- 
lated as 3:5-dinitrobenzoate from American 
(Adams, Hunt and Clerk, J. Amer. Chem. Soc. 
1940, 62, 196) and Egyptian (Jacob and Todd, 
^.C.S. 1940, 649) resin. It is considered to 
have structure (II) and can be cychsed to a 
mixture of tetrahydrocannabinols yielding 
cannahinol on dehydrogenation (Adams el al., 
J. Amer. Chem. Soc. 1940, 62, 2402, 2566). 
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Isolation of homogeneous active substances 
from American resin has been reported by 
Haagen-Smit et al. (Science, 1940, 91, 602) 
and by PoweU et al. {ibid., 1941, 93, 522), but 
these claims await confirmation. The tetra- 
hydrocannabinol (HI) (6"-hydroxy-2:2:6'-tri- 
methyl -i" - n - amyl - 3':4';5':6' - tetrahydrodi - 
benzopyran) obtained as an intermediate in 
the cannahinol sjmthesis of Ghosh. Todd and 
Wilkinson {l.c.) exhibits the characteristic 


physiological action of hashish in animals and 
in man, as also do the isomeric tetrahydrocan- 
nabinols obtained by cyclising cannabidiol. A 
large number of analogues of these substances 
have been prepared and examined pharmaco- 
logically (Todd et al., J.C.S. 1941, 169, 826; 
Adams et 'al., J. Amer. Chem. Soc. 1941, 63, 
1971, 1973, 1977). The purified cannabis 
resins freed from cannahinol and cannabidiol 
have the composition of tetrahydrocannabinol 
and may contain a mixture of isomers of varying 
activity. For fuller details of recent work the 
numerous publications of Adams et al. (in J. 
Amer. Chem. Soc.) and of Todd et al. (in J.C.S.) 
since 1940 should be consulted. 

' A. R. T. 

INDIAN OR CHINESE INK. This is an 
ink in sohd form,- made by pounding finely 
divided lampblack with a solution of glue into a 
paste which is then moulded into sticks. An 
ink was prepared in China about 2600 B.C., but 
according to Jametel (“ L’Encre de Chine, d’aprfes 
des Documents Chinois,” 1882) this ink was a 
vegetable varnish and it was not until about the 
third century B.c. that the product as it is 
knorni to-day was introduced. Various sub- 
stances have been used as the source of the 
lampblack, such as rice straw, pine wood and 
haricot beans, but these have been replaced to a 
large extent by vegetable oils, especially tung 
oil from Aleurites cordata. The oil is burned in 
small lamps of terra-cotta, chilled by water in a 
small depression at the top; these lamps are 
placed in a terra-cotta chamber, and the smoke 
is collected in inverted terra-cotta cones with 
polished interior, from which the deposited soot 
is removed from time to time by means of a 
feather. A row of bricks supports the cones, 
about twenty of which are used at a time. 
When the ink is made on a larger scale the 
terra-cotta condensing vessels are replaced by a 
hollow wooden tunnel with a hole bored in the 
wall. 

According to Jametel the lampblack from 
sesame or tung oU yields a much better quality 
of ink than that derived from pine wood. In 
Japan also either sesame or tung oO or pine 
wood are used for making the lampblack, and 
this is incorporated with strained ox-hide 
glue. Formerly a decoction of Hibiscus muta- 
bilis Linn, was used as the medium in China, 
but has long been discarded in favom of glue. 

At the present time the ink produced by 
different Chinese -manufacturers differs mainly 
in the fineness of the lampblack and the tone of 
the black. 

Ink is imported into this coimtiy from China 
in the original boxes each holding 1 lb. Accord- 
ing to the size of the sticks, 8, 20 or 40 may go 
to the pound, and are spoken of in the trade as 
“ eights,” “ forties,” etc. The sticks are moulded 
in various forms, some being in squares, some in 
tablets and some octagonal. The best quah'ties 
of sticks are gilt and are stamped -with fine im- 
pressions such as dragons, lions’ heads, etc., 
which denote qualities well recognised in the 
trade, and they are also perfumed. The 
octagonal sticks, kno-wn as “ Slandarin,” are of 
fine qualicy, and are distinguished from ordinary 
sticks by the finer impression of the characters 
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on the sides. The poorest quality is in the form 
of small sticks and stamped with white letters. 

Examination . — The Chinese test the quality of 
ink by rubbing the tablet on a porcelain palette. 
If the sound produced is faint the ink is con- 
sidered to be of good quality {Si-mo), whereas a 
loud noise indicates an inferior quality {Tsou-mo). 
This is essentially a test for the fineness of the 
carbon particles. A Chinese ink of good quality 
should yield a uniform suspension when rubbed 
with water. The best inks are of a violet shade, 
w’hilst inks of the second quality are black, and 
inferior inks have a yellow tint. 

A practical test is to stir OT g. of the powdered 
ink in 10 ml. of water and to shake the mixture 
from time to time. Inks of the best quality will 
diffuse rapidlj', whereas the cheaper grades rrill 
hardly colour the water even after several hours’ 
contact. 

The tinctorial value may be ascertained by 
applying successive coatings of the suspensions 
to equal areas of Whatman paper. The best 
inks can be distributed much more smoothly 
than those of inferior quality, and an opaque 
coating is attained ■with fewer washes. 

)Specimens of the four grades of ink examined 
by Mitchell, “ Inks : Composition and Manu- 
facture,” 4th ed., 1937, p. 37, gave the following 
results : 


Ink. 

Water, 

%. 

Carbon 

residue, 

%. 

Kitro- 
gen in 
resi- 
due, 

%. 

Nitro- 
gen in 
original 
ink, %. 

Ash, 

%. 

I. Octagonal 
stick . 

8*16 

53*9 

0*0 

7*74 

4*80 

II. Lion stick, 
fine letters 

7*20 

52*53 


4*87 

3*69 

III. Lion stick, 
coarse let- 
ters . 

9*93 

49*64 


7*26 

4*96 

IV. Small stick, 
coarse let- 
ters . 

9*40 

57*04 

— 

6*84 

4*01 


is, or was, made almost exclusively at MonghjT 
(Bengal) from the urine of cows which have been 
fed upon mango leaves. On heating the urine, 
the colouring matter separates out; this is' 
pressed into a ball and dried partly over a char- 
coal fire 'and finally in the sun. Internally the 
balls are of a brilliant yeUow colour, whereas the 
outer layers are either brown or of a dirty-green 
colour. The undecomposed part consists only 
of euxanthic acid in the form of a magnesium or 
calcium salt ; the outer and decomposed portion 
contains in addition euxanthone, both free and 
combined. The composition of piuri appears to 
be variable ; a fine sample, according to Graebe 
(Annalen, 1889, 254, 272), contained euxanthic 
acid, 51-0; silicic acid and alumina, 1-5; 
magnesium, 4*2; calcium, 3*4 ;, water and 
volatile matter, 39*0%. 

Euxanthic acid is isolated by digesting piuri 
m'th dilute hydrochloric acid and treating the 
residue •with a solution of ammonium carbonate. 
Addition of hj^drochloric acid to the filtered 
solution causes the separation of crystals of 
euxanthic acid. According to Spiegel (Ber. - 
1882, 15, 1965), euxanthic acid is decomposed 
by 2% sulphuric acid at 140° into euxanthone 
and the anhydride of glycuronic acid. 

Euxanthone, Purrenone, Purrone, Cj 
was first obtained by Stenhouse (Annalen, 1844, 
425) and shortly afterwards by Erdmann 
{ibid. 1844, 52, 365) ‘from euxanthic acid. It 
forms pale yellow needles or laminae, m.p. 240° 
(corr.), which sublime with little decomposition 
on gentle heating. 

By distillation with zinc dust (Salzmann and 
Wichelhaus, Ber. 1877, 10, 1397; Graebe and 
Ebrard, ibid. 1882, 15, 1675), euxanthone gives 
methylenediphenylene oxide (1) which is con- 
verted into xanthone by oxidation, indicating 
•. Aii'irnntlinTiR is a dihvdroxvxanthone. When 


OH HOr 




Liquid Indian Inics . — ^A preparation for the 
use of artists is made by grinding up broken 
fragments of the Chinese stick-ink with water. 
Other preparations are made directly from lamp- 
black incorporated with a liquid medium con- 
taining a gum to keep the carbon in suspension. 
These are of the same type as the carbon inks 
which are still used in the East. 

Non-Coagulating Indian Ink . — ^An ink that is 
claimed not to coagulate even at —30° has been 
patented by Shinozaki (Japan. P. 110282, 1935). 
The mixture consists of alue (30 parts) pre- 
viously heated for 3 hours at 120°, potassium 
nitrate (60 parts), urea (10 parts), -urotropine 
(10 parts), carbon black (60 parts) and water 
(1,000 parts). 

C. A. iVI. 

INDIAN MADDER {v. Vol. II, 523c). 

INDIAN YELLOW, PIURI, PURREE 
or PIOURY is a' pigment used mainly in 
India for colouring Avails, doors and lattice- 
Avork, and by artists for water-colour AA'^rk. It 



CO — k 


Euxanthone was first synthesised by Graebe 
(Lc.) by distilling a mixture of )S-resoreylic acid 
and hydroquinone carboxylic acid ; it was shoAvn 
later by von Kostanecki and Nessler (Ber. 1891, 
24, 3983) that the same product is obtained n 
in this reaction the jS-resorcylic acid is replaced 
by resoreinol. Of the tAVO constitutional 
forraulEe (III and lY) indicated by these syn- 


HO 


OH 


CO 
III. 

theses, (IV, l:7-dihydroxy.vanthone) Avas shoAvn 
to be correct by a study of the methylation ot 
euxanthone by means of methyl iodide ( on 
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Kostancoki, ibid. 1894, 27, 1992). Only a 
monometliyl other was obtained, indicating 
tliat ouxantliono contains a hydroxyl group 



adjacent to the carbonyl group (IV). Pinal 
proof of the correctness of this fornuda was 
ailbrded by the following synthesis of ouxantliono 
by Ulhuann and Panchaud (Annalen, 1906, 350, 
108) ; condensation of 2-chloro-C-methoxy- 
benzoic acid with the potassium derivative of 
hydroquinbne monomothyl other, employing 
copper powder ns catalyst, yielded 2-(4-mothoxy- 
phonoxy)-C-mothoxybonzoic acid which was 
converted by the action of concentrated sul- 
phuric acid into ouxantliono dimethyl other, and 
this by treatment with aluminium chloride in the 
presence of benzene gave ouxantlione. 

Euxanthono forms iiho following derivatives : 
1-mcfhjl ether, pale straiv-colourod rectangular 
plates, m.p. 236° (Robertson and Waters, J.O.S. 
1929, 2239), m.p. 240° (Graobo and Aders, 
Annalen, 1901, 318, 305) ; 1-melhyl ether, yellow 
plates, m.p. 130‘5°; dimethyl ether, colourless 
needles, m.p. 149'5° (Graebo and Aders, 
diethyl ether, prisms, m.p. 126° (Graobo and 
Ebrard, he.) ; 1 -acetyl-, elongated yellow prisms, 
m.p. 100° (Robertson and Waters, l.c .) ; diarelyl-, 
pale yellow prisms, m.p. 185° (Snlzmann and 
Wichclhaus, l.c.) ; dibcnzoyl-, colourless crystals, 
m.p. 221-222° (Zernor, Monatsh. 1910, 31, 
797) ; i:5-disazobcnzene-,'vcd needles, m.p, 249- 
250° (decamp.) ; acciyhdorivativc, ochre-yellow 
needles, m.p. 197-199° (Perkin, J.O.S. 1898, 73, 
060). 

According to Nierenstoin (Bor. 1913, 46, 049), 
oxidation of ouxantliono with chromic acid gives 
the quinone : 



O 


This consists of dark-red needles soluble in 
alkalis with a blue coloration and converted by 
reduction into l;4:7-trihydroxyxanthono. 

Euxantliono possesses only feeble tinctorial 
properties ; the respective shades obtained with 
woollen cloth mordanted with chromium, 
aluminium and tin being dull brown-yellow, 
pale bright yellow and very pale bright yellow 
(Perkin and Hummel, J.O.S. 1896, 69, 1290). 

Euxanthic Acid exists as a stable hydrate, 
C^jHjgOio.HoO, molting at 150-158° with 
partial docomposiiion. The methyl ester and 
ethyl ester molt at 218° and 198°, rc.spectivcly 
(Graebo cl ah, Ber. 1900, 33, 3300; Ann.alcn, 
1901,318, 345). 

Ncuberg and Neimann (Z. physiol. Chom. 1905, 


44, 114) obtained euxanthic acid by the inter- 
action of a diacetylbromoglycuronolactono and 
the potassium derivative of ouxantliono. 9’ho 
synthesis confirmed the suggestion of Eischor 
and Piloty (Bor. 1891, 24, -621) that this gly- 
•curonato is structurally analogous to a glycoside. 
Horzig and Stangor (Monatsh. 1914, 35, 47) 
found that the two methyl derivatives obtained 
by the action of diazomothanc on euxanthic acid 
yielded, by acid hydrolysis, ouxantliono 1 -methyl 
othor,-indicating that the glycuronic acid residue 
in euxanthic acid is attached at the 7-position. 

By the action of methyl iodide and silver oxide 
on euxanthic acid, Robertson and Waters (J.O.S. 
1931, 1709) obtained methyl O-lelramcthyl- 
euxanthale (V; R = CH_,,), colourless needles, 
m.p. 108°. Hydrolysis of this ester with hydro- 
chloric acid gave l-O-mothylciixanthone and 
a trimcthylglyciironic acid which by oxida- 
tion with nitric acid and esterification of the 
product yielded the methyl ester of 2:3:4 -tri- 
mothylsaccharolactono. The constitution of the 
latter was confirmed by synthesis from 2:3:4- 
•trimothyl glucose. Euxanthic acid, therefore, 
has the following structure (R = H) : 



The glycosidio linldng jirosont in euxanthic acid 
appears to bo of the /8-typo. 

The precursor of Indian yellow is mangiferin 
(cvxanlhogcn) which is present in the baric anil 
leaves of Mangifcra indica Linn, (mango). 
Mangiforln is isomeric with oiixanthio acid, to 
which it gives rise in the organism (Gortor, Bull. 
Jard. hot. Biiitonzorg. 1922, [hi], 4, 200; sec 
Amor. Chom. Abstr. 1923, 17, 1472). 

A. G. P. and E. J. 0. 

INDICATORS. In volumetric analysis 
indicators are substances which ciro used to 
determine end-points in titration work. The 
three main types of reaction, namely neutrali- 
sation, oxidation and reduction, and precipita- 
tion, which predominate in this kind of analysis, 
all require suitable indicators in order to deter- 
mine the points at which equivalent quantities 
of the reacting substances have been brought 
together. However, the use of the numerous 
organic compounds which are dilferently coloured 
in acid and in alkaline solution serves not only to 
determine end-points in acidimetry and alkali- 
metry, but also to mark the end-points as within 
certain limits of hydrogen ion concentration. 
Thus indicators for neutralisation are also 
employed colorimetrically to determine the free 
hydrogen ion concentration as distinct from the 
total acidity in liquids : a subject of great im- 
portance in biological work. Certain types of 
titrations are carried out with the aid of cxterual 
as distinct from internal indicators for deter- 
mining the end-points. As such external indi- 
cators are really sensitive drop reagents which 
are specific tests for the presence or absence of 
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particular substances their properties mil not 
be considered in this article. 

Since the year 1913 a series of indicators 
depending upon a totally different principle 
from those adverted to above vras studied by 
Paneth and his collaborators. The fundamental 
principle involved in the use of these radioactive 
indicators is that isotopes have identical chemi- 
cal properties. If an element A has a radio- 
active isotope A', the detection and deter- 
mination of A' by electroscopic methods can be 
adapted to the detection ’and determination of A. 
A brief consideration of these indicators is given 
at the end of this article. 

Neuteausatiok IjrDicATons. (See alao 

Chemical Aa'aeysis, Vol, II, pp. 637 el seq.) 

Prom the form and position of the titration 
cur\'es (Vol, II, p. 639) it mU be evident that for 
the titration of a strong acid by a strong base any 
indicator mth a range extending between the 
extreme limits of 3 and 11 units on this scale 
vriU give satisfactory results, if the acid and alkali 
are of the order of decinormal concentration: 
In consequence of acid hydrolysis, the titration 
of a weak base such as ammonia by a strong acid 
must be carried out with an indicator having a 
Ph range within the limits of about 3 and 6 units, 
such as Methyl Orange or Methyl Red. Simi- 
larly the occurrence of alkaline hydrolysis when 
a weak acid, such as acetic acid, is neutralised by 
a strong base necessitates the employment of an 
indicator such as phenolphthalein with a p^ 
range between 8 and 11- If the acid and alkali 
are of considerably lower concentration than 
decinormal, further restrictions -within these 
ranges -will become necessary. 

The sensitiveness of indicators was first in- 
vestigated by Tizard (B.A. Report, 191 1, p. 268) 
who drew attention to a fundamental difference 
between two-colour indicators such as Methyl 
Orange and one-coloru indicators such as phenol- 
phthalein. When a two-colour indicator is 
used the end-point of a titration should be 
independent of the amount of indicator in the 
solution if the titration is carried to the half- 
way stage, because the -titration is being carried 
to a certain fractional change of the indicator. 
With the one-colour indicators the case is 
different, because the titration is carried on 
until there is a certain amount of coloured sub- 
stance produced or removed. Similar views, 
with shades of difference, were expressed by 
X. Bjerrum {“ Die Theorie der alkalimetrischen 
und azidimetrischen Titrienmgen,” Ahrens’ 
Sammlung, XXI, Stuttgart, 1914) who pointed 
out that the difference in behaviour between two- 
colour and one-colour indicators -will hold so 
long as there is no great difference in intensity 
between the acid and alkaline colours. If, 
however, this difference is considerable there 
-will be a tendency for two-colour indicators to 
approach one-colour indicators in behaviour. In 
this connection it has been pointed out bj* Xoyes 
(.J. Amer. Chem. Soc. 1910, 32, Slo) and by 
Bjerrum (op. cit.) that the change interval for 
!Methyl Orange is not symmetrical on account 
of the considerablj' greater intensity of the red 
form. It is therefore better, for experimental 
verification of the characteristic l>ehaviour of 


two-colour indicators, to select one of tbe 
sulphonephthalein indicators such as Brom- 
cresol Green, which exhibits a striking contrast 
between the yellow (acid) and the blue (alkaline) 
colour. Bromcresol Green has a pjj ranf^e 
from 3-6 to 5-2, and it has been found that the 
quantity of NfoO hydrochloric acid which is 
required to transform this indicator in concentra- 
tions extending over a range of 1/20,000 to 
1/100,000 to the half-way colour stage corre- 
sponding to a pg value of 4-4 is strictly constant. 
A suitable one-colour indicator for experiments 
of this kind is p-nitrophenol, having a pg range 
of 5-0-7-0 and therefore insensitive to atmo- 
spheric carhon dioxide. It has been found that 
the quantity of A/50 hydrochloric acid required 
to extingm’sh the yeUow colour of sodium p-m'tro- 
phenolate in solutions of concentration ranging 
from 115,000 to 1/50,000 is strictly proportional 
to tbe concentration of the indicator in the 
solution (Berry, unpublished work). 

Reference -may be made to Bjerrum’s mono- 
graph for an elaborate dfreussion of the theorj'^ 
of the errors which are involved b3’^ the use of 
indicators in acidimetry and alkalimetry. If it 
is desired to titrate to a given hydrogen ion 
concentration it is necessarj’- to consider two 
terms -which have been known as the indicator 
exponent and the titration exponent respectively. 
Since the ionisation of a weak acid is regulated 
by the law of mass action, it follows that when 
an indicator is one-half ionised, the dissociation 
constant of the indicator is equal to the con- 
centration of the hydrogen ions in the solution 
in which the indicator is one-half ionised. The 
indicator exponent, pi, is defined as — log K, 
K being the dissociation constant, wliile the 
titration exponent, pT, is the value of Pn corre- 
sponding to the optimum colour. At the half- 
way change it is clear that pT=pI. From what 
has been stated above it -wiU be erident that the 
titration exponent of a two-colour indicator is 
independent of its amount in the solution, 
because the titration is carried to onlj* a certain 
fractional change. The -titration exponent of a 
one-colour indicator can however be varied 
over a short Ph range bj* suitable variation of 
the quantity of the indicator in the solution. 

It has been estimated that with careful work 
it should be possible to titrate with a degree of 
accuracy corresponding to PH=2’Td:0-3, and 
by introducing eoloiimetric methods the error 
may be reduced to For a discussion on 

the elimination of the titration error in acidi- 
metric and alkalimetric titrations a monograph 
by Brennecke maj’ be consulted (‘ Newer 
Methods of Volumetric Chemical Analysis, 
edited by W. Bottger, translated by Oe^cr, 
London, Chapman and Hall, Ltd., 19.38, [U.o.A. 


Printed], p. 3). . , , u- 

The properties of indicators have been 0^' 
lussed in terms of two different tlieories, viz. the 
onisation theory largely due to Ostwald and a 
heozy which correlates change of colour witn 
•hange of chemical constitution. The idea that 
he toIout, in organic compounds, is due to the 
jresence of certain grouping- in 
ippears to have originated with g 

Iroups such as the azo group — N = N-— anu 
he nitro group — NO^ which are ton-idcrc 



INDIGATOES. 427 


to be tbe source of colour are Imown as chromo- 
pbores or chromogens, -while groups which aug- 
ment colour are kno-ivn as auxochiromes. Arm- 
strong in 1888 put forward his weU-kno%vn 
quinonoid theory of colour, a theory which -wdth 
minor modifications has sm-vived to the present 
time. When a colourless compound becomes 
coloured, e.g. when alkali is added to a compound 
such as p-nitrophenol, the henzenoid ring is con- 
sidered to assume the constitution of a quinonoid 
nucleus. Addition of acid reverses the process. 
It would appear that the chief ground on which 
Armstrong formulated his theory was that com- 
pounds known to have quinonoid reactions are 
all strongly coloured. 

It is now recognised that neither theory alone 
can give an adequate explanation of the action 
of indicators, and that the correct way of study- 
ing the problem is by regarding indicators not as 
true acids or bases Avhich ionise directly (acid 
indicators giving rise to hydrogen ions, or more 
correctly hydroxonium ions, and anions which 
are differently coloured from the undissociated 
molecules, and basic indicators giving rise to 
cations of different colour from that of the un- 
dissociated molecules and hydroxyl ions) but as 
pseudo-acids or pseudo-bases, an important con- 
ception due to Hantzsch. Pseudo-acids and 
pseudo-bases are compounds, electrically neutral 
in themselves, which can undergo isomeric 
changes into true acids and true bases and these 
latter compounds at once give rise to their 
appropriate ions. It must be noted that the 
coloms of the neutral and acidic isomers of 
pseudo-acids must be different, and that the 
acidic anion must be similar in colour to that 
of its undissociated molecule. Similar con- 
siderations apply mutatis mutandis to the colours 
of the isomers of pseudo-bases. 

Among the numerous compounds having indi- 
cator properties the following may be selected as 
of particular importance, both on account of 
tbeir theoretical interest and their practical 
value, namely the nitrophenols, the phthaleins 
(including the sulphonephthaleins) and the azo- 
compounds. The isomeric changes which are 
considered to follow tbe ionic changes of these 
classes of compounds will be briefly considered. 

The nitrophenols, of which p-nitrophenol wiU 
be considered as an example, are Imo-wn to give 
rise to two series of ethers, one derived from the 
true nitro-compound 

OH 

NOg 

which are colourless, the other derived from the 
isomeric nitronic acid form 

O • 


II 



and are intensely red in eolour. In the crj^- 
stalline condition p-nitrophenol is colourless 
and therefore exists almost entirely as the true 
nitro-compound having a henzenoid nucleus. 
In aqueous solution, there is an appreciable 
yellow colour, due to the formation of a per- 
ceptible quantity of the isomeric acid form 
which has a quinonoid ring. This nitronic acid 
at once ionises into hydrogen ions and the 
coloured anions, the equilibrium being repre- 
sented by the equation : 


OH O 0“ 



The yellow colour of p-nitrophenol in alkaline 
solution is due to the formation of water by 
union of the hydrogen ions derived from the 
nitronic acid with the hydroxyl ions from the ' 
base, resulting in tbe liberation of the strongly 
coloured anion. In acid solution these changes 
are reversed, and the colour is discharged in 
consequence of the formation of the true nitro- 
phenol. 

The phthaleins, such as phenolphthalein, 

/CeH^-OH 
CO C'"^ 

'^O'^ \CeH4 OH 
and Phenol Eed, phenolsulphonephthalein, 

'\0'^ '^C 6 H 40 H 

are acid indicators, the latter series having a 
Pij range of about 1 to 1-5 units numerically 
lower than the former. In a series of papers 
published between 1916 and 1919, Acree and 
his collaborators have brought forward con- 
vincing evidence that the earlier theories 
relating to the colour changes which phenol- 
phthalein undergoes as being due to the open- 
ing of the lactone ring and one of the phenol 
groups becoming quinonoid are incomplete. 
White and Acree (J. Amer. Chem. Soc. 1919, 
41, 1190) have concluded that the sulphone- 
phthaleins and the phthaleins are to be con- 
sidered as dibasic acids, the primary salt being 
produced from the carboxylic acid resulting 
irom the opening of the lactone ring and the 
secondary salt from one of the phenol groups. 
Certain sulphonephthaleins such as Thymol 
Blue'have a double pjj range, viz. from 1'2 to 2-8 
and from 8-0 to 9-6, which affords additional 
evidence of the dibasic character of the indicator. 
Taking Phenol Eed as a typical example of the 
sulphonephthalefh indicator. White and Acree 


428 


INDICATORS. 


represent the changes of constitution due to 
neutralisation as foUo-ws : 


\_-/ 


-C(C 


SO, 


6H40H), 


Colourless lactone. 


O 


-C(:C, 




SO3H 

Yellow quinonoid acid. 


\D~ 


C(:C6H4:0)C6H4-0H 


SO 


+ 

,K 


Yellow quinonoid salt. 


/ 

\ 


C(:CsH4:0)C 


6^4 


f- 

OK 


I 1- 

SO3K 

Intense red quinonephenolate salt. 

The replacement of hydrogen atoms by bromine 
atoms in the molecule of a sulphonephthalein 
causes the colour of the alkali salts to change 
from red to blue. {See the Table, Vol. IT, p, 640.) 

Slethyl Orange and Methyl Red are the most 
important indicators which belong to the class 
of azo-compounds. The parent substance, 
dimethylaminoazobenzene, closely resembles 
Jlethyl Orange in indicator properties. Its 
range is 2'9-4'0, that of Methyl Orange being 
3. 0-4-4. The sulphonic acid group in JMethyl 
Orange is inert, the indicator properties being 
determined, as in the parent substance, by the 
dimethylamino-group. Hantzsch and Voigt 
(Ber. 1929, 62 [B], 968) consider that the yellow 
alkaline form of dimethylaminoazobenzene has 
the formula CeH5-N = N-CcH4-N(CH3)2. 
When it forms a salt with an acid HX the pro- 
duct formed has a red cation having a quinonoid 
formula thus : 


;gH5-N = N-C6H4-NMe2+HX 

^ LC5H5-NH-N=CtH4=NMe 


r+x 


Although the colour of indicators in solution 
is determined primarily by the hydrogen ion 
concentration, the presence of other substances, 
e.g. alcohol, proteins and neutral salts, may have 
an appreciable influence on the colour. For a 
discussion of the effects of alcohol and proteins, 
see I. M. Kolthoff, “ Indicators,” translated by 
N. H. Furman, New York, 1926, and W. Mans- 
field Clark, “ The Determination of Hydrogen 
Ions,” .3rd ed., London, Baifliere, Tindall and 
Co.T, 1928- As regards neutral salts, their effect 
in titration work is as a rule wholly negligible 
{see Brennecke, op. cit.). When, however, indi- 
cators_ are used for the colorimetric deter- 
mination of hydrogen ion concentration the 
influence of neutral salt action may assume 
greater importance. The general effect of 


neutral salts is to cause displacement of the 
colour of acid indicators tow'ards the alkaline 
side and of basic indicators to the acid side. It 
appears to be established that neutral salts cause 
alteration of the activity coefiicients of the 
differently coloured forms of indicators. The 
influence of salts on chemical equilibria in solu- 
tions has been discussed by Bronsted {J.C.S. 
1921, 119, 574) in terms of the theory of com- 
plete ionisation of strong electrolytes and 
activity coefficients. Kolthoff (J. Physical 
Chem. 1928, 32, 1820) has made a careful studj- 
of the salt error of certain indicators in the 
colorimetric determination of pjj, and has 
emphasized that indicators differ verj* con- 
siderably in their sensitiveness to neutral salt 
action. Thus Methyl Orange and Sleth}-! Red 
have very small salt errors, whereas indicators 
of the triphenylmethane series, such as Methyl 
Violet and Brilliant Green, have large salt errors. 

In 1888 J. J. Thomson (“ Apphcations of 
Dynamics to Physics and Chemistrj’-,” London, 
Macmillan & Co., 1888, p. 234) pointed out 
that capillary forces might have marked in- 
fluence on chemical equihbria. Attempts to 
obtain experimental verification of J. J. Thom- 
son’s ideas were not very successful until • 
Freundhch (Liversidge Lecture, J.O.S. 1930, - 
164) directed attention to some experiments due 
to Deutsch w-ho foimd that indicators in solution 
near their turning point changed their colours if 
the solution was shaken with a non-miscible 
liquid such as benzene. Thus if Bromthymol 
Blue (ph range 6-0-7-6) is placed in a mixture of 
tap water and distilled water so that the blue 
alkaline colour is well marked ; on shaking with 
benzene the displacement is in the acid (yellow) 
direction, whereas when the layers are separated 
the aqueous layer reverts to the blue (alkaline) 
colour. If a triphenylmethane dyestuff such as 
BriUiant Green is shaken -with A/I hydrochloric 
acid and benzene the displacement is in the 
opposite (alkaline) direction. In this acid con- 
centration BriUiant Green is j-ellow, corre- 
sponding to a Pji value of 0-7. On shaking with 
benzene the colour becomes green, corresponding 
to a Ph value of 2. In aU experiments of this 
kind the changes are strictly reversible. 

The indicators in the list (Vol. 11, p. 640) arc 
amply sufficient for aU ordinary purposes. For 
particular objects other indicators may have 
special advantages. Mention ma}’’ be made 
of Nitrazine YeUow (2:4-dinitrobenzeneazo-l- 
naphthol-3:6-disuiphom'c acid) which was de- 
scribed by Wenker (Ind. Eng. Chem. 1634, 
26, 350) as a very’ useful indicator for work 
close to the region of neutrality. The colour 
change is from yellow at pjj 6-0 to blue at /■-, 
with a violet grey tint between 6-4 and o-o. 
Jlixtures of indicators haring different absorp' 
tion bands or the addition to an indicator 
of a dye which transforms the regidar colour 
change into a different one more easily percep - 
ible by the ey-e as in Hickman and Limtead 
screened Methyl Orange (JT.C.S. 1922, 121, 
have been recommended from time to time. 
Universal indicators consist of a mixture o 
several indicators having different colours and 
p„ ranges. Clark (op. dl. p. 97) quote-’ .--evemi 
mixtures of this kind. Other umversal indi- 
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cators are supplied by chemical manufacturers, 
and they should always be used under the con- 
ditions recommended by the makers. These 
mixtures are useful for making rapid colori- 
metric measurements, usually to the nearest 
unit, over a ■wide range of acidity. When the 
approximate value has been obtained -v^dth 
the aid of a universal indicator, a more accurate 
value may be obtained by using a single indi- 
cator having a short range such as one of the 
sulphonephthalein series. In making deter- 
minations of this kind either a solution of knoum 
Pg value may be used for reference (see Buffer 
Solutions, Vol. 11, p. 120) or the' colorimetry 
may be effected with the aid of a Lovibond 
comparator having standard colour discs appro- 
priate to the individual indicators, each colom- 
differing from the next by 0-2 unit. It is not 
difficult by estimation to obtain results accurate 
to 0-1 Ph unit. For the colorimetric determina- 
tion of titration curves vdthout buffer mixtures 
a paper by Gillespie (J. Amer. Chem. Soc. 1920, 
42, 742) may be consulted. See also ICilpatrick 
(Chem. Reviews, 1935, 16, 67). 

Fluorescent Indicators. The determina- 
tion of the acidity of dark coloured liquids, 
such as udnes and fruit juices, may .be 
effected by titration with the aid of indicators 
which show the end-point of tlie reaction by 
the appearance or disappearance of fluorescence 
in the liquid, the analyses being carried out in 
ultra-violet light. As more progress in the 
study of fluorescence has been made from the 
standpoint of physical optics than from the 
point of view of the constitution of substances 
which exhibit the phenomenon, a few notes on 
the subject may be added. 

Fluorescent Indicators : An important paper 
on fluorescence was published by Stokes (Phil. 
Trans. 1852, 463) who first used the term 
fluorescence from fluor spar, as the analogous 
term opalescence is derived from the name of 
a mineral. Stokes considered that the wave- 
length of the light emitted in fluorescence 
is always greater than the wave-length of the 
exciting light. Doubt has been throivn by later 
work on this general principle, and in particular 
it has been slio-wn by Nichols and Merritt 
(Carnegie Institution of Washington, 1912, 
Publication 162) who used spectrophotometric 
methods, that fluorescence can be excited in a 
number of substances in solution by light of 
greater wave-length than that at the centre of 
the fluorescent band. The fluorescent efficiency 
of dyes in solution, i.e. the ratio of the secondary 
fluorescent radiation emitted by the so.lution8 
to the total energy absorbed has been determined 
by Wawilow (Z. Physik. 1924, 22, 266). The 
highest value for this efficiency, viz. 0-8, was 
obtained for aqueous solutions of fluorescein. 
In methyl alcohol the value was 0-74, and in 
ethyl alcohol it was 0-66. The influence of 
solvents on the intensity of fluorescence has 
been repeatedly emphasised by various investi- 
gators, e.g. Pringsheim (Trans. Faraday Soc. 
1939, 35, 28). In defining fluorescent efficiency 
as the ratio of the amount of light emitted in 
fluorescence to the amount absorbed, R. W. 
Wood (“Physical Optics,” 3rd ed., 1936, p. 653) 
has dra-wn attention to an important difference 


according as the measurements are made in 
terms of energ}^ or by the number of light 
quanta or photons absorbed or emitted. 

Shortly after the discovery of fluorescein, 
Kruger (Ber. 1876, 9, 1572) showed that this 
compound could be used as an indicator in 
acidimetric titrations. He pointed out that it 
could be used in coloured solutions, and that the 
indicator was insensitive to carbon dioxide, 
which is in agreement with its p^ range as 
tabulated in a list compiled by Radley and 
Grant (“ Fluorescence Analysis in Ultra-violet 
Light,” 3rd ed., London, 1939, p. 312). Of the 
numerous other compounds having fluorescent 
indicator properties, mention may be made 
particularly of quinine, wluch has a double p^ 
range from 5-9 to 6-1 and from 9-5 to 10-0, of 
umbelliferone, first used by Robl (Ber. 1926, 
59 [B], 1725), with a p^ range of 6-5-7-6, and of 
Acridine Orange with a p^ range of 8-4^10-4. 
Grant (Analyst, 1931, 56, 653) has adapted the 
indicator properties of quinine to the deter- 
mination of the compound by titrating a known 
quantity in A/100 sulphuric acid with A/100 
sodium hydroxide in ultra-violet light. A useful 
summary of some of the earlier work on fluores- 
cence analysis wiU _be found in a paper by 
Haidinger (iMikrochemie, 1932, 11, 429). 

Oxidation and Reduction Indicators. 

If an inert electrode, such as a platinum wire, 
is immersed in a solution of a substance in tivo 
different states of oxidation, such as a mixture 
of ferrous and ferric ions, the electrode will 
acquire a charge the potential of which will 
depend upon the experimental conditions. For 
any particular reversible system, the value of the 
potential is governed by several factors, par- 
ticularly the relative proportions of the oxidised 
and reduced forms and the presence or absence 
of other ions which are capable of forming com- 
plex ions vdth either the oxidant or the reduc- 
tant. In the absence of complications arising 
in consequence of the formation of complex ions, 
the value of the potential in any particular 
system is a fxmction of the logarithm of the ratio 
of the concentrations, or more strictly of the 
activities, of the oxidised and reduced forms. ' 
Since the relation between the value of the 
potential and the concentrations of the oxidised 
and reduced ions is a logarithmic one, it vaU be 
e'vident that variations of these proportions will 
have a relatively small effect upon the potential. 
A considerable effect on the potential of a 
ferrous-ferric system may be observed by the 
addition of sodium fluoride, because the net 
effect of adding this salt is to cause •ndthdrawal 
of ferric ions on account of the formation of the 
verj’’ stable ferrifluoride ions. 

Conant (Chem.- Reviews, 1927, 3, 1) has 
stressed the importance of the distinction 
between reversible and irreversible oxidation- 
reduction processes, and has pointed out that the 
potential has a definite meaning only w-hen 
applied to strictly reversible processes. Li dis- 
cussing various equations for expressing poten- 
tials in terms of the logarithmic ratio of the 
concentrations of the ions, Conant (op. cii.) has 
pointed out the advantages of doing this on the 
groimds of simplicity, but added that discussion 
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in terms of activities is more exact, particularly 
for inorganic ions. As regards organic com- 
pounds, discussion 'of the problem in terms of 
concentrations is consfdered to be sufficiently 
accurate. A valuable summary of experimental 
work on reversible oxidation and reduction 'in 
organic systems which is of particular relevance 
to indicators has been published by Clark 
{ibid^ 1926, 2, 127). Many organic compounds, 
e.g. Methylene Blue, which function as oxidation- 
reduction systems are strongly coloured in the 
oxidised condition and colourless in the.reduced 
or leuco-condition. In the presence of a solution 
which has more powerful oxidising properties 
than the substance, the organic compound Avill 
be transformed almost completely into the 
coloured form, whilst with a solution having 
more powerful reducing properties the organic 
compound will change over into the colourless 
form. In short. Methylene Blue has the proper- 
ties of an indicator, Clark (op. cit.) has pointed 
out that it should be possible to measure reduc- 
tion intensities bj^ applying colorimetric methods 
with oxidation-reduction indicators, just as 
various buffer mixtures are utilised in colori- 
metric investigations of pa 'n4fch the aid of acid- 
base indicators. 

For the purposes of volumetric analysis it 
has been pointed out that the ideal oxida- 
tion-reduction indicator should be a substance 
having the properties of an oxidising or reducing 
agent which undergoes a striking colour change 
at some definite change of potential corre- 
sponding to the end-point in a reaction such as 


the oxidation of a ferrous salt in acid solution 
with potassium dichromate. The colour change 
should be completely reversible at the equi- 
valence point of the reaction. It should be 
noted that reactions concerned %vith oxidation 
and reduction are frequently of a more complex 
character than those involving neutrahsation. 
In the latter, the.reactions are wholly ionic, and 
the corresponding colour changes of the indicator 
are brought about by ionic reactions accom- 
panied by tautomeric changes. The oxidation 
of ferrous ions by ceric ions is similar to neutrali- 
sation as the reactions consist wholly in the 
transfer of electrons. Other reactions concerned 
with oxidation and reduction may involve 
irreversible changes, such as the conversion of 
the oxalate anion into carbon dioxide when 
oxalates are oxidised by permanganate in acid 
solution. 

Few compounds fulfil the requirements of the 
ideal oxidation-reduction indicator. Many sub- 
stances undergo remarkable colour changes 
when they are oxidised, but the changes are 
frequently of an irreversible character and on 
this account such compounds should be avoided 
for volumetric work. 

Diphenylamine. was introduced by Knop (J, 
Amer.' Chem. Soc. 1924, 46, 263) as an indi- 
cator for the titration of ferrous salts by di- 
chromate. The compound is first oxidised 
irreversibly to diphenylbenzidine, then reversibly 
to diphenoquinone-4:4'-dianil, with a green meri- 
quinone as intermediate, possibly according to 
the equation : 


\_N- 






-N 


^+2H+2e 




See Kehrmann and Micewicz (Ber. 1912, 45, 
2641). The colour change takes place at, about 
0-76 volt on the hydrogen scale independently of 
the Ph of the solution. But the rale at which the 
violet colour develops when ferrous ions are 
titrated by dichromate increases with the 
acidity. The sharpness of the end-point of this 
titration is increased by addition of phosphate 
or fluoride ions to the solution so as to produce 
the complex ferriphosphate or ferrifluoride ions 
and thereby reduce the potential of the ferrous- 
ferric system below the value for simple ions. 

Barium diphenylaminesulplionate is in many 
respects preferable to the parent substance. 
The colour change takes place at a potential of 
about 0-83 volt, and this indicator is much less 
subject to interference by other substances than 
is diphenylamine. The compound is usually 
employed in a solution of 0-3% concentration, 
two drops being sufficient for the titration of 
25 ml. of a ferrous salt in N/10 concentration by 
potassium dichromate or ceric sulphate. The 
colour change is from green to violet and is 
sharply reversible. The end-point is not strictly 
coincident with the equivalence point, a small 
correction being necessary in very exact work. 
The correction may however be eliminated if the 


oxidising agent is standardised with the indi- 
cator under conditions as nearly identical as 
possible with those in which it is to be emploj^ed. 
Cone and Cady {ibid. 1927, 49, 356) have used 
diphenylbenzidine as indicator in the titration 
of zinc by potassium ferrocyanide containing a 
trace of ferricyanide. At the end-point the zinc 
is precipitated as a double ferrocyanide, so that 
the ratio of ferricyanide to ferrocyanide in the 
solution is greatly increased with the result that 
the indicator is oxidised to the violet colour. 

Another series of oxidation-reduction indi- 
cators belonging to the triphenylmethane senes 
of compoimds was suggested by Knop (Z. anal. 
Chem. 1929, 77, 111). Furman and Wallace 
(J. Amer. Chem. Soc. 1930, 52, 2347) found two, 
viz. Erioglaucine and Eriogreen, of value m the 
titration of ferrous salts by ceric sulphate. 

Tri-orihophenanihroline-jerrous sulphate, an 
oxidation-reduction indicator of a different tj^pe 
from those previously considered, was introduce 
for volumetric work by Walden, Hammett and 
Chapman {ibid. 1931, 53, 3908 ; 1933, 55, 26 )• 
The compound has a verj’- stable complex catmn, 
Fe(Ci 2 H 8 N 2 ) 3 +'^, having a deep red colour. Ihe 
change from the red ferrous complex to a pale 
blue ferric one takes place at a potential oi 1 
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volts on the hydrogen scale according to the 
equation : 

Fe(Ci2H8N2)3++ ^ Fe(Ci3H8N2)3*-+++e. 

The indicator solution is prepared by dissolving 
the calculated quantity of orthophenanthroline 
hydrate (mol. Avt. 198) in a 0-026 molar solution of 
ferrous sulphate containing as little free acid as 
possible. One drop is sufficient for the titration 
of 25 ml. of a JV/IO ferrous solution .Avith either 
ceric sulphate or potassium dichromate. This 
substance is apparently the best oxidation- 
reduction indicator Avhich has so far been dis- 
covered, as the iron-phenanthroline complexes 
are not liable to further oxidation and foreign 
substances in solution are AA'ithout effect upon 
them. Further, the addition of complex-forming 
ions (fluorides or phosphates) is not necessary 
nor is any correction required for this indicator. 

For a useful monograph on oxidation-reduc- 
tion indicators, see Brennecke (op. cil. p. 155. 

Adsoeption Indicatoes. 

In 1923 Fajans and his collaborators intro- 
duced organic dyestuffs as indicators for the 
titration of silver and halide ions. Most of the 
early experiments Avere carried out Avith fluo- 
rescein and certain halogenated fludresceins 
such as Eosin and Rose Bengal (dichlorotetra- 
iodofluoroscein) (Fajans and Wolff, Z. anorg. 
Chem. 1924, 137, 221). Such compounds under- 
go striking colour changes at the end-point Avhon 
solutions of halides are titrated Avith silver 
nitrate, fluorescein giving satisfactory results 
Avith chlorides, Eosin Avith bromides, Avhile Rose 
Bengal is particularly useful for iodides. Since 
the colour changes Avith these dyestuffs take 
place essentially upon the colloidally dispersed 
particles or upon the SAirface of the precipitate 
they are knoAvn generally as adsorption indi- 
cators. Dichlor(R)-Fluorescein, having proper- 
ties intermediate betAveen those of fluorescein 
and Eosin, Avas recommended by Kolthoff, Lauer 
and Sunde (J. Amer. Chem. Soc. 1929, 51, 3273) 
for the titration of chloride in very dilute solu- 
tion. These indicators are generally used only 
in neutral solution, but Eosin may bo used in 
very Aveakly acid solution. Other dyestuffs, such 
as Phenosafranine, first used by Fajans and 
Weir, and tartrazine. Berry and Durrant 
(Analyst, 1930, 55, 613), can bo used in the 
presence of nitric acid up to about O-SA. 

It has been shoAvn that Arhen dilute solutions 
of halide and silver ions are brought together, 
the hydrosol of the silver halide acquires a posi- 
tive charge if silver ions are present in excess, 
Avhereas if halide ions are in excess the hydrosol 
becomes negatively charged. If an ionisablc 
dyestuff is present in the solution, compoimds 
can be formed either Avith the adsorbed silver 
ions and the anions of the dye, or, alternatively, 
betAveen the adsorbed halide ions and the cations 
of the dyestuff. The colour changes Avhich take 
place Avith adsorption indicators have been dis- 
cussed by Fajans and Hassel (Z. Elektrochem. 
1923, 29, 495) in terms of ionic deformation 
phenomena on the crystal lattice of the silver 
halides. Kolthoff (Chem. RevicAVS, 1935, 16, 87) 
^ pf opinion that the explanations giA-^en by 
Fajans are not quite accurate and has suggested 
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an alternative interpretation based upon ex- 
change adsorption. 

The capacity for adsorption of dyestuffs by 
analogous ions increases Avith diminishing solu- 
bility of the resulting silver halide. The solu- 
bilities of the three salts in mols. per litre 
are l-4xl0~^ for the chloride, 0-725 xl0~® for 
the bromide, and 1-0x10“® for the iodide. 
Dyestuffs also vary considerably as regards 
capacity for adsorption by a given silver halide. 
Thus Erythrosin is much more strongly adsorbed 
than Eosin, and Eosin is more strongly adsorbed 
than fluorescein. These differences are of great 
importance in the practical application of the 
compounds as indicators in volumetric Avork. 
Titration curves avUI bo found in K. Fajans’ 
monograph (“ NeAver Methods of Volumetric 
Chemical Analysis,” edited by W. Bottger, 
1938, p. 203). Dj'^estuffs of the fluorescein 
series and tartrazine may be used conveniently 
in 0-5% concentration, and one or tAVO drops 
AviU be foimd suitable for the titration of halides 
by silver nitrate or vice versa in volumes of 20-50 
ml. of solutions of the order of A/10 concentra- 
tion. Phenosafranine should hoAvever be used 
in more dilute solution, about 0-25%. Titra- 
tions are best carried out in stoppered bottles 
Avith frequent shaldng and it is desirable to add 
a few drops of some suitable electrolyte such as 
strontium nitrate solution to facilitate floccu- 
lation of the colloidal silver halide. 

The properties of a fcAv practically useful ad- 
sorption indicators for argentometric determina- 
tions are summarised in the following Table : 


Indicator. 

Titration Avith 
conditions. 

, Colour change. 


+ 


Fluorescein, 

Cl by Ag in 

Lemon -> pink. 


neutral solu- 

AgCI becomes 


tion. 

pinlc at the end- 
point. 


— -k 


Dichlor(R)- 

Cl by Ag in 

YelloAvish-green 

Fluorescein. 

A^ery dilute so- 
lution. 

pink. 


+ 


Eosin. 

Br by Ag in 

YelloAvish - red 


neutral or A'^ery 
feebly acid so- 
lution. 

— > red- violet. 


+ 


Rose Bengal. 

I by Ag in 

Rose in the so- 

neutral or very 

lution to violet 


nearly neutral 

on the Ag 1 nre- 


solution. 

cipitate. 

Phenosa- 

Br or Cl by 

Red ^ blue on 

franine. 

+ 

the surface of 


Ag or vice 
versa. Best in 

the precipitate. 


very dilute 

HNO3 solu- 
tion. 



+ 


Tartrazine. 

Ag in dilute 

Dye removed 


HNOg solu- 

from precipi- 


— 

tate. Liquid 


tion by Cl or 

becomes rich 


Br or SCN. 

lemon colour. 
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Phenosafranine is more susceptible to inter- 
ference by certain substances in solution than 
tartrazine. In particular, sulphates must be 
absent as they prevent the formation of the blue 
silver derivative of the compound. Rose 
Bengal is useful for the titration of iodide in the 
presence of chloride by silver nitrate (Fajans 
and Wolff, l.c. ; Berry, Analyst, 1936, 61, 315), as 
silver iodide absorbs this dyestuff strongly. 

Diphenylcarbazide has been used by WeUings 
{ibid. 1933, 58, 331) for determining the end 


prepared a weighable quantity of the com- 
pound from non-radioactive material. 

Other examples of the use of these indicators 
■will be found in Paneth’s monograph “ Radio- 
Elements as Indicators,” McGraw-Hill Book 
Company Inc., New York, 1928, and in that of 

0. Hahn (“Applied Radioehemistry,” Cornell 
University Press, New York, 1936). 

The discovery of artificial radioactivity by 

1. Curie and P. Joliot (Compt. rend. 1934, 198, 
254) has greatly extended the possibilities of 


point m the titration of cyanides by silver using radioactive indicators in many different 
nitrate, the colour change from red to violet types of investigations. By attacking the atoms 
being well marked. Adsorption indicators have of ordinary elements with a-particles, protons, 
been used in other precipitation reactions, such deuterons or neutrons, it is possible to prepare 
as Ahzarin S (sodium alizarinsulphonate) in the isotopes of these elements with unstable nuclei 
titration of ferrocyanides by lead nitrate in 
neutral solution (Burstein, Z. anorg. Chem. 1927, 

164, 219), and Bromphenol Blue in the titration 
of mercurous salts by potassium bromide and 
vice versa (Kolthoif and Larson, J. Amer. Chem. 


Soc. 1934, 56, 1881). 


Radioactive Indicators. 

Electroscopic methods of detecting and 
measuring traces of radioactive substances far 
surpass spectroscopic methods of analysis in 
sensitiveness. Thus a quantity of 10~^’ g. of 
thorium-C, a radioactive isotopd of bismuth, 
has been detected, as compared -with 3 X 10~^° g. 
of sodium which has been stated to be the 
smallest quantity of that element detectable in 
the flame spectrum. In selecting a radio-element 
for use as an indicator it is important to avoid 
one which has too short a half- value period, i.e. 
the time required for the disintegration of half 
the initial quantity of the element. The in- 
tensity of radiation depends not upon the total 
number of atoms present, but upon the number 
of atoms which disintegrate in unit time. The 
practical value of radioactive indicators may now 
be illustrated by one or two simple examples. 

Hevesy and Rona (Z. physikal. Chem. 1915, 89, 

294) determined the solubility of lead chromate „ . 

in water as follows. To a definite amount of a gotin, the invention of synthetic methods for 
soluble lead salt a known quantity of the radio- producing indigotin from substances obtainable 
active isotope thorium-B was added. The from coal tar, and the ultimate successful 
chromate was then prepared and placed in water manufacture of synthetic indigo, first accom- 
to obtain a saturated solution. A definite plished in Germany, constitute brilhant chapters 
volume was then evaporated to dryness and the in the history of modem scientific and mdustrial 
thorium-B on the dish determined electro- chemistry. The triumph of the sjmthetic article, 
scopically. The weight of lead was thus however, spelt disaster for the producers of 
obtained and hence the solubility of lead natural indigo, which, as an 'article of commerce, 
chromate. The value obtained was 2 x lO'^ is now practically dead. 

moles per litre at room temperature which is in The greatest advances in our knowledge of the 
good agreement with the value obtained by chemistry of the process of manufactme oi 
electrochemical methods. More recent apph- indigo from indigoferous plants, and of the 
cations of radioactive indicators to problems in factors controlling the success of the operations 
analytical chemistry will be found in a paper by were gained during the last years of the nm^ 
Rosenblum (Chem. Reviews, 1935, 16, 99). teenth and the early years of the t^'entieth 

The hydride of bismuth was discovered by centu^ by the labours of British and ^utcn 
-using thorium-C as indicator and causing chemists. But_ these attempts to put the m- 
hydrogen to be generated in an apparatus in dustry on a scientific footing came too late to 
which this radioactive indicator had been placed, f save it, ’ 


and consequently radioactive properties. The 
use of artificial radioactive elements as indi- 
cators in chemical investigations appears to have 
been first suggested by Grosse and Agruss (J. 
Amer. Chem. Soc. 1935, 57, 591) who studied 
the exchange of bromine atoms between free 
bromine and sodium bromide dissolved in water. 
These experiments were carried out by subject- 
ing the salt to bombardment with neutrons and 
thereby producing a radioactive isotope of 
bromine. Much progress has been made in the 
study of'artificial radioactivity since that time, 
and a useful and mteresting report on the sub- 
ject, which includes a survey of a number of 
papers on radioactive indicators, has been 
pubhshed by Seaborg (Chem. Reviews, 1940, 27, 
199). 

A. J. B. 

INDIGO, NATURAL AND SYN- 
THETIC. Indigo is one of the most impor- 
tant, and at the same time the most ancient, of 
blue colouring matters. Extensively used for 
pigmenting and for dyeing both cotton and 
woollen materials, it was until the end of the 
nineteenth century obtained exclusively from 
a variety of plants, most of them growing in 
tropical countries. The discovery of the 
chemical constitution of the chief colouring 
constituent of the natural indigo, called indi- 


The gas which escaped was found by Paneth 
to have radioactive properties (Ber. 1918, 51, 
1704). Having found by radioactive methods 
that bismuth hydride was capable of existence, 
Paneth and Wihtemitz {jhid. 1918, 51, 1728) 


Par more scientific effort had been put 

into the search for a synthetic process, and the 
battle was quickly won by German dyestuff 
manufacturers. 

Indigo is insoluble in water, and is, therefore, 
useless as a dye without modification. The 
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origin of the discovery that indigo could be dis- 
solved in a vat of fermenting organic matter is 
unknown, but aU early dyers must have used 
this process. In such a vat the indigo undergoes 
reduction and dissolves as “ indigo-white ” or 
leuco-indigo, which forms a yellow solution in 
alkaline liquors. When a piece of cloth is 
dipped in the liquor or “ vat,” it absorbs the 
almost colourless indigo-white, and when it is 
subsequently exposed to the air oxidation occurs 
and the blue dj’^estuff is formed in the cloth. 
The so-called fermentation vat is now only used 
for special purposes, mainly in the East. 
Chemical reducing agents are now used, the most 
important being sodium “ hydrosulphite,” 
(NugSgO^), although others such as zinc dust 
and hme (an older process) may be used. 
Dyeing with indigo is dealt with more fully 
elsewhere (see Vol. IV, 135). 

NATURAL INDIGO. 

Historical . — ^Methods for preparing indigo 
from the plant are given in ancient Sanskrit 
records, and, although it appears to have been 
known to the Romans onty as a pigment, there 
is abundant evidence that it was used in ancient 
Egypt for dyeing mummy cloths. Knowledge 
of the dyestuff is said to have been re-introduced 
to Europe from the East by the great traveller 
Marco Polo about a.d. 1300, but its use in 
Europe was very limited until it began to be 
imported early in the sixteenth century via the 
Cape of Good Hope. The East India Company 
is stated to have been exporting large quantities 
of indigo by 1615. Its use mot with much 
opposition from the growers of woad, and laws 
prohibiting its use were enacted on the Continent 
and in England. It use was legally permitted 
in France in 1737 and gradually its merits became 
universally recognised. Until near the close of 
the nineteenth century, when the manufacture 
of synthetic indigotin in Germany was success- 
fully accomplished, the cultivation of indigo- 
yielding plants and the extraction of the colour- 
ing matter was an important industry in tropical 
countries. 

The most important sources of indigo for the 
European market were India (Bengal), Java 
and Guatemala, the last being of minor im- 
portance. The quality of the jjroduct varied 
considerably from time to time and from place 
to place.. According to Georgievics, the best 
Indian indigo came from Lower Bengal and 
Bihar, and the quahty deteriorated going from 
East to West. It was also groum in the Philip- 
pine Islands, China, Japan, Brazil and parts of 
Africa. 

According to H. E. Armstrong (J. Son. Arts, 
1919, 67, 446), the acreage under indigo culti- 
vation in India in 1897, the year in which 
synthetic indigo first appeared on the market, 
was 1,688,042 ; this had fallen to less than 
150,000 by 1914. In 1897 India exported 
169,643 cwt. of indigo worth £2,910,000, of 
which 62,669 cwt. came to the United Kingdom. 
Two-fifths of the production came from Northern 
Bihar, and, according to Rawson (J.S.C.I. 1899, 
18, 467) the industry employed one and a half 
million people. The loss of this industry was a 
tragedy for India. A revival occiured during 
VoL. VI.— 28 
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the Avar of 1914-18 AA’hen supplies of German 
indigo Avere cut off from most parts of the Avorld 
and other countries had not yet started the 
manufacture. The acreage under indigo rose 
to 316,600 in 1921-2 but thereafter diminished 
rapidly. At the present time there is little 
demand for natural indigo; in 1933 India is 
said to have exported but 417 cwt. of Avhich 
20 cwt. came to the United lUngdom. It is 
said that natural indigo is stiU used to some 
extent in the Dutch Indies for batik dyeing 
(J. Soc. Dyers and Col. 1937, 53, 248). 

In 1916-22 a serious attempt Avas made, 
largely inspired by Professor H. E. Armstrong, 
to rejuvenate the natural indigo industry in 
India by organised research. Many people 
considered that by improved methods of culti- 
vation, manufacture, organisation and sales- 
manship it Avould be possible to make natural 
indigo once again competitive Avith synthetic 
indigotin. An account of the whole experiment 
and its abandonment OAving to political distimb- 
ances and financial stringency is given by W. A. 
Davis (Chem. and Ind. 1924, 266-268, 303-307). 
Some of the residts obtained by Davis and his 
collaborators are referred to later in this article. 

The Plant and its Cultivation. — ^The most 
important plants yielding indigo belong to the 
genus Indigofera (Fam. Leguminoste) ; these 
have been cultivated in In^a, China, Egypt, 
the Phihppines, Caracas and Brazil. The follow- 
ing species have been cultivated for indigo manu- 
facture : Indigofera tincioria Linn., J. sumatrana 
Gaortn. (the Indian plant), I. disperma Linn., 
I. argeniea Linn., I. arrecta Hochst (the Natal 
plant), I. paucifolia Delilo (the Madagascar plant) 
and J. secundiflora Poir. (Guatemala plant). 
Less important are I. pseudotinctoria R.Br., 
I. anguslifolia Linn., 1. arcuata Willd, I. 
caroliniana Walt., I. cinerea Willd, I. longerace- 
niosa Boiv., J. caerulea Roxb., I. endecaphylla 
Jacq., J. glabra Linn., I. hirsiita Linn., I. indica 
Lam., I. mexicana Benth. and I. leptostachya 
D.C. In Japan, China and Russia the plant 
usually cultivated has been Polygonum line- 
torium Ait. belonging to the genus Persicaria, 
and the native West African source of indigo 
has been almost entirely Loncliocarpus cyanescens 
Benth. The Emupean Avoad plant, at one time 
largely groAvn in Europe, is Isatis tincioria. 
Other plants Avhich yield indigo are Nerium 
tinclorium, Oymnema tingens Spreng, Eupatorium 
Iseve D.C., Tephrosia tincioria Pers., Marsdenia 
tincioria R.Br. and certain species of orchids 
such as Phaius grandifloms Reichb. and GalantJie 
veralrifolia R.Br. 

The colour-yielding substance, indican, in 
hidigofera species is present almost entirely in 
-the loaf, and to some extent in the mid-rib or 
rachis. According to Rawson (The Cultivation 
and Jlanufacturo of Indigo in Bengal, J.S.C. 
1899, 18, 467), the percentage of leaf in a Avell- 
groAATi plant is about 40, but other Avorkers 
record values as liigh as 60-65%. The indigotin 
content of tlie leaf Amries Avith the season of the 
year (thus Rawson found 0-2% on May 28 and 
0‘76% on August 25), the age of the leaf and its 
position on the plant. Although the maximum 
amount of colouring matter is present from the 
middle to the end of August, by this time much 
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leaf has been lost from the plant ; manufacture 
y, therefore, usually started in the middle of 
June. Gaunt, Thomas and Bloxam (J.S.C.I. 
1907, 26, 1174) record a sample of air-dried 
ieares of /. sumafrana yielding 3-o3% of indi- 
gotin, against 0-6% from other samples and 
1-81% from 1. arrecla, and thej' suggest that 
cultivation and selection should increase the 
indigotin content of the plant. 

Up to the early years of this century the plant 
generally cultivated in India vas I. sumalrana, 
said to be a mixture of several sub-'V'arieties. 
Another species, I. arrecla (the Xatal plant), 
had been developed in Java bj’ the Dutch indigo 
research station, and had replaced the I. secundi- 
jlora formerly gro'^vn. This plant was intro- 
duced into India, largely by Bernard Coventry 
(see Indigo Improvements Syndicate Report, 
1901), and according to W. A. Davis {l.c.) for 
some years gave phenomenal results. I^Trere 
I. sumalrana had given only 5 seers (10 lb.) of 
cake indigo per acre, the new plant gave yields 
of 20-40 seers in several successive years on 
many estates. Such yields enabled indigo 
planters to make substantial profits in com- 
petition vith sjmthetic indigotin, but by 1915, 
owing to a mysterious wilt disease, the jdelds 
had fallen to only 5-7 seers per acre. Davis 
was successful in showing that the disease and 
consequent failure of the crops was due to 
deficiency of the soil in phosphates and organic 
matter caused by continuous heavy cropping 
without manurial treatment. It was found that 
I. arrecla could be gcovm with great success in 
Assam, especially for the production of seed 
which could not be produced on the im- 
poverished soil of Bihar. For a comparison of 
the indigotin content of I. sumalrana and I. 
arrecla, see Bergtheil (Report of the Indigo 
Research Station, Sirsiah, 1906, 1907). 

According to W. A. Davis (Publications of the 
Agricultural Research Institute, Pusa, 1920, 
Xo. 7) high-quality plants rich in indigotin are 
obtained when the soil is poor in nitrogen so that 
the plant is forced to grow on nitrogen taken up 
from the air by the nodule bacteria. It seems 
probable that the activity of these organisms 
determines high indigotin content, and that the 
production of indican is due to the plant 
removing from the nodules nitrogen compounds 
which would be prejudicial to their continuous 
action. A good supply of soluble phosphates 
and of organic matter is necessarj-. Humus 
supph'ed must not contain nitrogen, and cover 
crops such as wheat or mustard which remove 
nitrogen are advantageous. 

The Manufacturing Process. — ^Tlie pro- 
cess of extracting indigo from the plant is a 
simple one, and the operations carried out in 
India and other jjlaces in the twentieth century 
ate said to differ but little from those of the 
ancient Egj'ptians. There are two major 
operations, a steeping of the plants in water, 
during which a fermentation takes place, 
followed b.y an aeration of the resulting solution 
in a separate vessel, caH=ing the precipitation 
of the indigo. The followiiig description is 
given by Davis. Tlie plant i= cut in the field in 
the early morning, taken to the factory in bullock 
carts and loaded into cement-lined vats. [It 
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has been shown by Watson (J.S.C.I. lOlS, 37, 
81) that when the plant is air-dried the amotint 
of indican present diminishes. It has lonr 
been known that the indican rapidly disappear^ 
from the freshly-cut moist leaf.] The vats arc- 
then filled with water, warmed if necessan' to 
90T., the plants being kept down and hc-fd in 
position by cross-beams fastened across the 
of the vats. The plants are left to steep in the- 
water about 12 hours ; after about 4 hours a 
bacterial fermentation sets in, the efiect of 
which is that the parent substance of the dye, 
the so-caUed indican, present in the leaves' of 
the plant, passes into solution. Tlie matcriab 
fermented consist of protein and carbohydrate 
exuded from the cut stems, and the gas liberated 
consists, in the early stages, of nitrogen and 
hydrogen, but in the later stages an increasinc* 
proportion of carbon dioxide is evolved and the 
vat liquor becomes .sh'ghtly' acid. 

UTien the fermentation is complete the licjuor 
has a slightly yeUow colour and contains inioxyi 
[see p. 464c). From this liquor the dye is ob- 
tained by a process knovm as “ beating.” Tlic 
liquor is run into large vats at a lower level, and 
is then throTO np into the air as a fine spray 
by means of a large paddle-wheel. The indosy! 
becomes oxidised to indigo ; after about II hours 
the beating is stopped and the indigo is allowed - 
to settle out as a fine blue mud. After a good 
fermentation the settling is nearly’ perfect, but 
with a bad fermentation it is very incomplete 
and 20-30% of the indigo may be lost. After 
settling, the supernatant liquor is carefully run 
off by special valves and the thick blue mud 
remaining is transferred’ to a boiling tank where 
water containing a small amount of dilute sul- 
phuric acid is added and the mixture raised to 
the boil by’ live steam. This treatment prevents 
further fermentation and dissolves out bro’>m 
impurities [indigo-glulen). The indigo is again 
allowed to settle and after the clear licjuor has 
been run off the residue is transferred to “ filter- 
ing tables,” large frames across which cotton 
cloth is stretched, and drained. The residue is 
then pressed between cloths in large woodc-n 
boxes, and slabs of indigo 3 in. thick arc obf.aincd. 
The slabs are then cut up by’ wire cutters into 
3 in. cubes which are dried slowly in air to a 
moisture content of 6%, this taking 4-G wccKi. 
Tlie cubes are finally brushed, polished nri'i 
packed for market in large wooden chest-: hot' ■ 

ing 300 lb. . 

Waler . — In the manufacture of indigo, pun- 
water in large quantities is needed. J. Bril' 

Lee, “Indigo .Hanufac-turc,” Calcutta, LS->-. 
recommends treating hard water with lime, ara 
if much organic matter is present, with 
ganate. .-Uumino-ferric may also he iii^ed 
theil). Daris (Indigo Publication, 1920, ^o. K 
Agricultural Research Inriitute, Pu-a) favs th'u 
in Assam at Panchnoi the v.'atcr avaihbP .or 
steeping gave a poor yield and qualitj, of ir.i^ i-O 
because, 'com'wa by a small ri^'cr from rn-ariiy 
hills, its bacterial character changed 
The soft river water gave .a .riow gro’wlii o- 
indican-splitting bar teria, making longer sK’p- 
ins nece-'^arv, and thi^ is known to ‘-e '■ 
advantageous. 

Extraction . — As is to be expected, t.be in -.u*-- 
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facturing process varies in detail, in different 
places and at different times, and a considerable 
amomit of experimental work on tbe influence 
of various factors is on record. The fermenta- 
tion may be complete in 6 hours in very hot 
weather, but generally, at a temperature of 
90-92°F., 12-15 hours appear to be necessary, 
both for I. sumatrana and I. arrecia, according 
to the indican content of the plant. The addition 
of chemicals such as mercuric chloride, sodium 
and potassium carbonates, lime, carbolic acid, 
formaldehyde and sugar does not appear to be 
advantageous, but sodium nitrate is said to 
facihtate the deposition of the indigo in the 
oxidising vat. The work of Thomas, Bloxam 
and Perkin (J.C.S. 1909, 95, 846) suggests that 
the addition of a small quantity of sulphuric or 
oxalic acid may be advantageous. 

An account of a hot-water process of extrac- 
tion is given by Dr. Roxburgh, dated 1797, in 
Bancroft’s “ Philosophy of Permanent Colours,” 
London, 1813, who says that a more complete 
and certain extraction of the basis of indigo is 
effected by subjecting the plant to the action of 
water heated to about 160-160°F. A hot-water 
method of extraction was used by the Java 
planters using I. arrecta, and Rawson, who 
carried out experiments with the method on 

I. sumatrana, concluded that it gave a higher- 
quality indigo (76-77%) than did the ordinary 
method (50-55%), but that the method offered 
no practical advantage except in cold weather. 
For further details consult Bridges Lee (op. cit.), 
Georgievics, “ Der Indigo,” Leipzig, 1892, and 
C. Rawson (The Cultivation and Manufacture 
of Indigo in Bengal, J.S.C.I. 1899, 18, 467 ; 

J. ' Soc. Dyers and Col. 1899, 15, 166). 

Oxidation. — ^Much work was also done with 

the object of improving the oxidation process. 
Rawson considered that the oxidation of the 
fermented liquor was improved by air-blowing, 
a process patented by Geneste in 1888, the yield 
being 20% better than by wheel beating. It had 
long been considered that certain “ precipitants ” 
facihtated deposition of the indigo during oxida- 
tion, their action being probably to cause a more 
rapid oxidation. Coventry, in 1894, patented 
the addition of lime in a vat intermediate 
between the fermentation and oxidation vats. 
This caused the precipitation of calcium and 
magnesium carbonates which carried doivn im- 
purities. The supernatant Mquor was run off 
and oxidised in the usual way, acid being added 
to prevent contamination of the indigo with 
lime. This process gave an increased yield of 
indigo of improved quality, not equal to the 
Java product, but resemblhig it in containing a 
quantity of indirubin. Caustic soda, sodium 
peroxide and ammonia can also be used, but the 
best process of all appears to be to blow ammonia, 
steam and air simultaneously into the vat by 
means of an injector. By this process Rawson 
claimed an increase of yield varying from 37 to 
63'8% over that obtained by the ordinary 
oxidation process. It must be added, however, 
that Bergtheil (Report of the Indigo Research 
Station, Sirsiah, 1906) considered the ammonia 
process httle, if any, improvement over the 
ordinarji oxidising process when, the latter is 
caiTied cut under the best conditions. 
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Sometimes the indigo settles badly and the 
liquor which is run off (the “ seeth ” water) may 
contain as much as 20% of the product. Rawson 
recommended the addition of alkali to promote 
sedimentation, and Bergtheil recommended 
alumino-ferric. Davis, however, as the result 
of later experiments (Agricultural Res. Inst., 
Pusa, Indigo Publication, 1918, No. 3) pre- 
ferred Dhak gum which "does not precipitate 
impurities as alumino-ferric does. When added 
5 minutes before the heating is ended, Dhak 
gum in certain cases gave an increase of yield 
of 70% with I. sumatrana and 36% with the 
Java plant. 

For the purification of the indigo paste, it 
appears at one time to have been the practice 
in the East Indies to boil it with water and soda 
(Bancroft), but writers such as Roxburgh and 
Cosigny recommended the action of dilute sul- 
phuric acid. The practice of boihng %vith the 
diluted acid became general, and Rawson con- 
sidered (that the treatment improved the quality 
by 5-10%. After settling, the liquor was 
decanted and the indigo again boiled with fresh 
water, filtered, pressed and dried. It is said to 
be advantageous to dry the indigo slowly to get 
a strong product, because during this slow drying 
some impurities gradually decompose with 
evolution of ammonia. 

As has been stated, indigo was sold in cubes, 
but Briggs devised an apparatus, an illustration 
of which appears in Bergtheil’s report of 1906, 
for drying the indigo to a powder. When syn- 
thetic indigo, was marketed, the manufacturers 
secured an important selling advantage by 
offering it as a paste, of constant indigotin 
content, which was readily soluble in the dyeing 
vat. W. A. Davis, who started his work in 
India in 1916, quickly paid attention to this 
point, and he claimed to have succeeded in 
standardising tbe preparation of a similar 
marketable paste from natural indigo. 

Efficiency of Manufacture. — As the above 
description has indicated, there are several 
stages in the manufacturing process where loss 
of indigo may occur. The chief losses are that 
due to incomplete extraction of the plant, 
believed by Rawson to be about 5 % ; the loss in 
the “ seeth ” water through incomplete precipi- 
tation after oxidation, which may be 10-20%, 
or much more in unfavourable circumstances ; 
and the conversion of the extracted indoxyl 
into products other than indigotin, for Perkin 
and Bloxam consider that from the moment of 
its production by hydrolj^sis of the indican of 
the plant (see later) the indoxyl is undergoing 
destructive decomposition. Rawson in his 
paper on the Cultivation and Manufacture of 
Indigo (ll.c.), considered that if his suggestions 
were adopted there would be little room for 
remunerative alteration in the process, whilst 
Bergtheil, in 1906, considered that 87% of the 
extractable indigotin was accounted for, and 
62-72% of the theoretical yield was obtained 
as dry colouring matter. Bloxam (J.S.C.I. 
1906, 25, 735), however, from the results of careful 
analysis of the daily output from the Pem- 
barandah factory in 1904, calculated that the 
highest efficiency obtained did not reach 50%, 
the average was 26% (about 0-1495% from the 
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plant, which, should he capable of giving 0-6%) 
and the lowest figure reached was 12-6%. 

When natural indigo was at its zenith, very- 
many varieties were marketed, but in later 
y^ears severe competition -with the synthetic 
article brought about a large reduction in their 
number. Erom Asia came the indigos of Bengal, 
Oudh, Madras, Java, Manila ; from Africa 
those of Egj’^pt and Senegal ; and from America 
those, of Guatemala, Caracas, Mexico, Brazil ; 
other varieties from South Africa and the 
Antilles. The best varieties were those of 
Bengal, Java and Guatemala, that of Bengal 
being most Avidely used in England. The Java 
variety was of high purity and was much used 
for the manufacture of “ Indigo Extract ” (In- 
digosulphonic acid; see p. 450a). 

A good quahty of indigo had a deep -dolet- j 
blue colour and acquired a coppery lustre when 
rubbed -with the finger nail ; it was light, porous 
and adhered to the tongue. Inferior qualities, 
containing much mineral and extractable matter, 
were dull and greyish in appearance, heavy, 
tough and hard, and not bronzed by rubbing. 
The best qualities contained 70-90% of indigotin, 
average qualities 40-50%, inferior qualities as 
low as 20%. A typical good Bengal indigo 
contained indigotin, 61-4% ; indirubin, 7-2% ; 
indigo brown, 4-6%; indigo -gluten, 1-5%; 
mineral 'matter 19-6%; water, 5-7%. 

Chemistey of Iydigo Extbaction. 

Indigo is not jjresent as such in any indigo- 
yielding plant. The colour-yielding constituent 
of the plants cultivated for indigo is a substance 
which was named indican and was proved, after 
much research by many workers, to be a gluco- 
side of indoxyl, a substance {see p. 464c) which 
by oxidation with air is converted into indigo. 
Early workers believed that the dye was present 
in the plant as indigo-white, the reduction pro- 
duct into which indigo must be converted for 
use as a dye (Chevreul, Ann. Chim. Phys. 1808, 
[i], 66, 5 ; 68, 284 ; Gerardin and Preisser, 
J. Pharm. Chim. 1840, [i], 26, 344), but iSchunck 
(Phfl. Mag. 1855, [iv], 10, 73 ; 1858, [iv], 15, 117) 
isolated the glucoside from Isatis tincloria 
(woad). Polygonum lindorium and Indigofera 
tincloria (Schimck and Roemer, Ber. 1879, 12, 
2311). The indican was obtained only as a 
syrup which could be hydrolysed in the presence 
of air by acids or a&ah's or by an enzyme 
present in the plant to a sugar, then termed 
indiglncin, and indigotin. In absence of air, 
however, h3'drotysis gave a product which did 
not afford indigotin on oxidation. Cold acids : 
converted the indican into a brown powder, a | 
complex mixture from which Schunck isolated 
six substances called indiliumin, indifuscin and 
indirelin, all soluble in warm sodium hydroxide 
solution, and a- and fi-indifulvin and indirubin 
'insoluble in alkalis. Aqueous solutions ^ of 
indican decomposed on boiling, not giving 
indigotin but indiglncin, indiretin and indi- 
humin, bro-un amorphous substances. Cold 
alkalis converted indican into a new glucoside, 
indicanin, hj-drolysed by acids to give indiglucin 
and indirubin. 

Lt.-Col. G. S. A. Pvanldng (J. Asiatic Soc. of 
Bengal, 1896, 65, [ii]. No. 1) first suggested that 


the fermented leaf extract contains a compounrl 
of indoxyl and that indoxylic acid might also 
be present; and Marchlewski and Eadcliffe 
{ J .S.C.I. 1898, 17, 430) independently suggested 
that indican was the glucoside of indoxyl. 
Hazewinkel, director of the Experimental 
Station for Indigo, Klaten, Java, then disclosed 
the results of work which had been kept secret, 
which proved the identity of indican and stated 
that the sugar was dextrose (Proc. K. Akad. 
Wetensch. Amsterdam, 1900, 2, 512). Even- 
tually indican was isolated in a crystalline 
conchtion by Hoogewerff and ter Meulen {ibid. 
1900, 2^ 520) from Indigofera leptoslachya and 
Polygonum tinclorium. Perkin and Thomas 
(J.O.S. 1909, 95, 795) isolated the pure sugar 
from indican and proved that it is dextrose. 

I Perkin and Bloxam (.J.C.S. 1907, 91, 1715) also 
obtained the crystalline glucoside from I. suma- 
trana and I. ar recta as follows : — 

Leaves and stems of J. sumatrana (1,000 g.) 
were treated with 4 litres of cold acetone during 
7 days, -with occasional shaking, and the green 
extract evaporated to a small bulk. Light 
petroleum was added, causing deposition of a 
brown viscous precipitate which was repeatedly 
agitated with small quantities of fight petroleum. 
The product was then treated with water, giving 
a pale yellow liquid from which su.spended matter 
was removed by shaking -with ether. The clear 
aqueous solution was treated vrith 10 c.c. of N/2 
sodium carbonate and gradually evaporated in 
vacuo, giving eventually a semi-solid mass of 
crystals, of which 31-66 g. were obtained from 

l, 000 g. of leaf. 

Pure crystalline indican, spear-shaped needles 
from water, has the formula C24Hi70gN,3H20 
and melts at 57-58°. By adding boiling benzene 
to its alcoholic solution it is obtained anhydrous, 

m. p. 176-178° ; this can be used as a method of 
purification. 

A modification of the above method is 
described by B. A. Amin (Agric. Ees. Inst., 
Pusa, Indigo Publication, 1918, No. 5), by which 
the fresh leaves are extracted -with hot water, 
tannins, gums, etc., are precipitated by slaked 
lime, the solution filtered and concentrated. 
The indican is then extracted from the con- 
centrate -with acetone, the rest of the procedure 
being as in Perkin and Bloxam’s method. Bj' 
this method pme indican was obtained for the 
first time from I. arrecia in large quantities. 
Perldn and Bloxam had trouble in extracting 
indican from this plant, owing to the presence 
of kaempferitrin and a colourless sugar-like 
compound, CgHj20s, m.p. 186-187°. Ainin s 
method is quicker and more economical m 
solvent than that of Perkin and Bloxam. 

Beijerinck (Proc. K. Akad. IVetensch. Amster- 
dam, 1901, 3, 102) considers that the glucoside 
from woai which he calls isatan, is not, as 
Schunck thought, identical with indican. 
contains a specific enzyme, isatase, wluch does 
not attack indican, whilst the indigo enz\ roe 
does not hydrolyse isatan. _ 

Indican can be detected in solution, and i 
amount determined, by reaction with- Latin, 
when indirubin is formed, or by reaction with an 

aidehyde such as y?-nitrobenzaldeh3-de,piperonai 

or y?-hydroxybenzaldehyde, when thu corre- 
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spending indogenide is formed (Perldn and 
Thomas, J.C.S.' 1909, 95, 795). Analytical 
methods are described later; for indogenides, 
see %mder Indoxyl Compounds (p. 465ffl). 

No means appear yet to have been discovered 
for obtaining a- quantitative conversion of 
indican into indigotin. There would, therefore, 
seem to be an inevitable loss at this stage in the 
manufacturing process. By hydrolysing the 
pure glucoside with hydrochloric acid in presence 
of ferric chloride as oxidising agent Hoogewerf 
and ter Meulen {l.c.) obtained 91% of the 
theoretical yield of indigotin; Gaunt, Thomas 
and Bloxam (J.S.C.I. 1907, 26, 1174) using am- 
monium persulphate, which had been recom- 
mended by Rawson (Report on the Manufacture 
and Cultivation of Indigo, Mozzufferpore, 1904) 
obtained only 82%. Perldn and Thomas (he.) 
obtained a maximum of 93*6% by passing air 
through a solution of 0-5 g. of indican in 850 c.c. 
of water acidified with 15 c.c. of 33% hydro- 
chloric acid at 60°C. Using air as oxidant, sul- 
phmric acid gave a lower yield than hydrochloric 
and the filtrate was more darldy coloured. 
Some indirubin was. always formed in these ex- 
periments. Perkin and Bloxam also studied 
the action of hot dilute sulphuric acid on pure 
indican (c/. Schunck’s experiments, above) and 
observed the formation of substances resembling 
indigo brovm; they also noted the formation 
of indole. 

The synthesis of indican, identical with the 
material of the plant, has been accomplished by 
A. Robertson (J.C.S. 1927, 1937). Methyl 3- 
hydrox3dndole-2-carboxylate was condensed 
with tetra-acetyl-a-glucosidyl bromide to give 
methyl 3-0-tetra-acetyl-j3-glucosidoxyindole-2- 
carboxylate (I). This was hydrolysed to the 
free carboxylic acid which, on heating with 
acetic anhydride and sodium acetate first at 
100° then at 160° was simultaneously decarb- 
oxylated and acetylated to give l-acetyl-3-O- 
tetra-acetyl-)3-gluCosidoxyindole (II) ; this by 
deacetylation gave indican, which is 3-^- 
glucosidoxyindole. 


p-CoH 70 (OAc )4 


COgMe 


NH 


pC 6 H 70 ( 0 Ac), 
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A. K. Macbeth and J. Pryde studied the 
methjOation of natural indican (ibid. 1922, 121, 
1660) and obtained a tetramethyl derivative. 
The sugar residue was then separated by treating 
with methyl alcohol containing 1% of hydro- 
chloric acid, ^vllen a mixture of the two tetra- 
mcthyl-raetbylglucosides was obtained, hydro- 
lysed by acid to erj^staUine tetramethylglucose. 
Indican therefore appears to be a normal 
glucoside. 


The Indigo Enzyme. — The indigo-yielding 
plants contain, as has already been mentioned, 
an enzyme capable of hydrolysing indican into 
indoxyl and dextrose, and this enzyme un- 
doubtedly plays an important part in the manu- 
facturing process. The enzyme, and its be- 
‘haviour towards pure indican, have been studied 
by several workers. C. J. van Loolfcren and 
P. J. van der Veen (Landw. Versuchs-Stat. 1894, 
43, 401) described experiments pointing to the 
existence of an enzyme causing the hydrolysis of 
indican. Beijerinck (Proc. K. Akad. Wetensch. 
Amsterdam, 1900, 2, 120, 495 ; 1901, 3, 101) pre- 
pared it’ in highly active forms. He extracted 
finely divided leaves mth cold 96% alcohol, 
removed the alcohol and extracted the residue 
with more dilute alcohol to remove chlorophyll, 
indican, wax, etc., and leave a highly active 
white powder. The enzyme is almost insoluble 
in water, sparingly in glycerol and more readily 
in 10% solutions of sodium and calcium chlorides. 
Ammonia destroys the enzyme. He observed 
that emulsin also hydrolyses indican, but only 
one-twentieth as fast as the indigo enzyme. 
Hazewinkel named the latter indimulsin {ibid. 
1900, 2, 514; see also papers by Romburgh, 
ibid. 1900, 2, 344; Bcrgtheil, J.C.S. 1904, 85, 
877 ; ter Meulen, Rec. trav. chim. 1905, 24, 444). 

The hydrolysis of pure indican by the enzyme 
and the oxidation of the indoxyl solution by air 
were studied by Thomas, Bloxam and Perkin 
(J.C.S. 1909, 95, 829). The fermentation was 
carried out in an atmosphere of pure hydrogen 
and the temperature and dilution, both for 
fermentation and subsequent oxidation, approxi- 
mated to those of factory practice. Employing 
2 g. of enzyme to 1 g. of indican, hydrolysis was 
complete in 2 hours at 50°. The solution con- 
tained only 93% of the theoretical quantity of 
indoxyl ; 4% was adsorbed by the enzyme and 
the loss of the other 3% was duo to “ decay ” of 
the indoxyl into products not convertible into 
indigotin. It was shown that by the addition 
of a trace of sulphuric acid to the fermentation 
both adsorption and decay of the indoxyl could 
be prevented and the yield raised to 99-5%. 
But although the hydrolysis could be made prac- 
tically quantitative, oxidation by air at 60°C. 
only gave 88% of theory of indigotin, owing 
to secondary changes of the indoxyl. Some 
indirubin is formed, and products of the indigo- 
brown type. It was proved that a trace of 
ammonia (c/. Rawson’s recommendation for 
factory manufacture^ or lime inhibits the 
secondary changes of indoxyl and increases the 
yield of indigotin. Too much alkali, however, 
favours the formation of indirubin; this is 
probably due to production of isatin which 
condenses with indoxyl to form indirubin. 
Perkin (Proc. Chem. Soc. 1907, 23, 30) showed 
that Java indigos, rich in indirubin, also contain 
isatin. The conclusion is finally drawn that the 
best yields are obtained by fermenting under 
acid conditions and oxidising under feebly 
alkaline conditions. A quantitative yield of 
indigotin, or of this mixed ■with uidirubin, cannot 
bo obtained. For manufacturing purposes 
Thomas, Bloxam and Perkin (Z.c.) recommended 
that the addition of a small quantity of sulphuric 
acid to the fermentation vat should be studied. 
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For the laboratory, however, the most satis- 
factory method for preparing indigotin from 
plant extract or from pure inScan is by simul- 
taneous hydrolysis with hydrochloric acid and 
oxidation. 

Bacterial Fermentation. — ^There is some 
evidence that bacteria play a minor part in the 
hydrolysis of indican, and in 1887 Alverez 
isolated from an extract of the indigo plant an 
organism, Bacilhis indigogenus, capable of pro- 
ducing fermentation (Compt. rend. 1887, 105. 

286). 

Beyerinck {l.c. 1900, 2, 503) studied the matter 
and found that infusions of garden soil had the 
same effect, common gas-producing bacteria 
being the active agents. Bergtheil (l.c.) how- 
ever, found that infusions of the indigo plant 
invariably contained large quantities of an 
organism capable of producing indigo fermenta- 
tion. 


Coji-STITUENTS OF NATTXRAIi InDIGO. 

Reference has already been made to the 
occurrence in varying amount of indirubin in 
natural indigo. Some further account will now 
be given of this and other products which 
accompany indigotin in the commercial product. 

Indirubin. — Indigo was long known to con- 
tain a redder constituent of higher solubility 
in organic solvents, termed indigo red or 
indirubin. This was eventually proved to be 
identical with the isomer of indigotin which is 
obtained by condensing indoxjd with isatin thus; 
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At one time it was considered that two red 
substances might be present in indigo, but the 
examination of numerous samples by Perkin 
and Bloxam disproved this idea (J.C.S. 1907, 91, 
279 ; 1910, 97, 1460). Some varieties of indigo 
such as that from Java and that made by the 
Coventry process are especially rich in indirubin, 
and at least a trace is probably present in all 
samples of the natural dye. Analyses are given 
by Bloxam and Perkin in the table in the nexd; 
column. 

It can be regarded as established that the 
indirubin arises during manufacture from the 
oxidation of some indoxyl to isatin, and the 
condensation of the latter with more indoxyl. 
This side reaction is favoured when the air- 
oxidation of the leaf extract is carried out under 
acid or alkaline conditions, Bloxam and 


Perkin have obtained from pure indican a sample 
of indigotin containing as much as 25-83% of 
indirubin. 

The presence of indirubin in natural indigo 
probably is responsible in part for the difference 
in dyeing properties between natural and syn- 
thetic indigo ; it has sometimes been claimed 
that natural indigo gives a more attractive 
“ bloomy ” shade. Indirubin can be reduced 
with sodium hydrosulphite solution to a pale 
yellow vat which dyes wool and silk but has 
little affinity for cotton. Indirubin is, however, 
much less readily reduced than indigotin and it 
is said that, in practice, the indirubin settles 
unattacked to the bottom of the indigo vat 
(Matthews, J.S.C.I. 1902, 21, 222). Perkin has 
shown, moreover, that the indirubin vat under- 
goes further reduction to an equimolecular mix- 
ture of indoxyl and its isomer, oxindole; the 
indoxyl becomes oxidised to indigotin, but the 
oxindole is a wasted product (Proc. Chem. See. 
1909, 25, 127). 

Indirubin crystaUises in brown needles with a 
metallic lustre, sublimes more readily and is 
less readily oxidisable than indigotin. _ 

Indigo Brown. — All indigos contain an im- 
portant impurity called inffigo brown, which 
was isolated and examined by both Chevreul 
and Berzehus. Perkin and Bloxam examined 
with care the brown impurity in Bengal incb'go 
(J.C.S. 1907, 91, 279). After digesting the indigo 
with boiling dilute hydrochloric acid to remove 
gluten, they extracted it with boding pynffine. 
The pyridine extract contained, besides a little 
indirubin, three substances, (a) the main con- 
stituent, C 16 H 12 O 5 N 2 (?), insoluble in alcohol 
and acetic acid ; ( 6 ) C 24 H 22 O 5 N 3 (?), soluble m 
acetic acid; and (c) Ci 6 Ni 404 Ng (?) soluble m 
alcohol. 

These substances are brown amorpnous 
powders, readily reduced by zinc dust in al^j^^ 
solution giving pale brown liquids. 
heated with 50% caustic potash solution 
give some anthranilic acid, indicating that the} 
are derived from indoxyl. It was stated earher 
that Schunck had obtained from his indican, 


INDIGO, NATURAL AND SYNTHETIC. - 439 


among other substances, indiJmmin which he 
thought might he the same as indigo brown. 
Perldn and Bloxam by boiling pure indican with 
dilute sulphuric acid obtained a bro^vn substance 
having a similar elementary composition to the 
above main constituent of indigo brown. Thus, 
although nothing is known of its constitution, it 
may be concluded that the indigo brown is 
derived from indoxyl during the manufacture of 
indigo. Analyses of indigo made by Perkin and 
Bloxam gave the following contents of indigo 
brown : Java indigo, new hot-water process, 
5-4% ; new cold-water process, 5-2% ; ordinary 
process, 4T5% ; Coventry process indigo, 8-7% ; 
Bengal indigo, 9-6% ; all these were from I. 
arrecia; Bengal indigo from I. sumalrana con- 
tained 14-0%. Indigo brown seems to have 
little influence on the dyeing process ; its 
presence in large amount can be taken to indicate 
inefficient manufacture. . 

Indigo-Gluten . — ^The gluten may be obtained 
from indigo by extracting with dilute acid, 
neutrahsing with chalk, evaporating to dryness 
and extracting the gluten with alcohol. Orchard- 
son, Wood and Bloxam (J.S.C.I. 1907, 26, 4) 
describe it as a horny mass, or hght biscuit- 
coloured powder, which evolves ammonia when 
heated. The quantity present may be large ; 
Perkin and Bloxam found that crude Bengal 
indigo (62% indigotin) lost 21-5% of its weight 
by acid extraction. Whether the gluten plays 
any part in dyeing has not been scientifically 
investigated. 

Indigo Yellow. — A. yellow substance in 
natural indigo was first reported by BoUey and 
Crinsoz (Jahresber. 1866, 637) who isolated from 
Bengal indigo, by sublimation, a yellow crystal- 
line compound, soluble in alkah, subliming at 
130°. Rawson also detected in Java indigo a 
similar compound having the properties of a 
mordant dye (J.S.C.I. 1899, 18, 251). Perldn 
concluded that this substance is the trihydroxy- 
flavanol, kaempferol. 
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for it was shown that the leaves of I. arrecta, 
from which Java indigo is prepared, contain 
sometimes as much as 4% of kaempferitrin, the 
rhamnoside of kaempferol. This substance is 
not hydrolysed by the indigo enzyme, but the 
presence of kaempferol in the Java indigo may 
result from the use of sulphuric acid in the 
manufacturing process, the acid hydrolysing the 
kaempferitrin. Since the Bengal plant does not 
.contain kaempferitrin, Perkin suggests that the 
indigo examined by Bolley and Crinsoz was not 
of Bengal origin. 

Seeth Water. — An investigation of the pro- 
duct obtained by evaporating the “ seeth ” 
water, the liquor from which the indigo precipi- 
tate settles out at the conclusion of the oxidation 
process, was carried out by A. G. Perldn (J.C.S. 
1916, 109, 210). The only definite substance 
isolated was a little succinic acid ; the main 


product was an amorphous substance resembling 
indigo brown, and there was also obtained a 
protein-like substance, about 20% of the whole, 
containing 8-22% of nitrogen. The' “ seeth ” 
water has some value as a fertiliser. 

The Analysis oe Indigo. 

A variety of methods have been proposed for 
the analysis of indigo and the literature is 
voluminous. The object to be achieved is 
generally the determination of the amount of 
indigotin present in the commercial indigo, a 
problem of no small difficulty in presence of such 
impurities as have been indicated above. There 
also come into question methods of determining 
the quantity of indican present in the plant, and 
the quantity of indigotin which the plant might 
be expected to yield. 

hlany of the methods which have been pro- 
posed for the analysis of the manufactured indigo 
are only of historical interest. Such are methods 
of extracting impurities with volatile solvents ; 
methods of extracting indigotin with solvents 
such as aniline, phenol, nitrobenzene ; or with 
acetic and suliihuric acid, although this has been 
used as a method of purification (Mohlau and 
Zimmermann, Z. Farb.-u. Textil-chem. 1903, 
2, 189) ; sublimation of the indigotin ; extrac- 
tion of the indigo by various reducing agents. 
Methods which may sometimes be of practical 
use are determinations by dye trials (Grossmann, 
J. Soc. Dyers and Col. 1897, 13, 124) and colori- 
metric methods. The methods of most practical 
importance, however, are those by which the 
indigo is sulphonated and the indigotinsulphonic 
acid is titrated with an oxidising or a reducing 
agent. 

Oxidising agents which have been proposed 
for the titration are chlorine water (Berzehus), 
chloride of hme (Chevreul), potassium chlorate 
and hydrochloric acid (BoUey, Dinglers Polytech. 
J. 1851, 119, 114), potassium dichromate and 
hydrochloric acid (Schlumberger, J. pr. Chem. 
1842, [i], 26, 217), dichromate and oxalic acid, 
potassium ferri cyanide (UUgren, Annalen, 1865, 
136, 96), potassium permanganate (Mohr, 

Dinglers Polytech. J. 1854, 132, 363) and, in 
more modern times, ceric sulphate (private com- 
munication). The reducing agents which have 
been recommended for the titration are sodium 
hydrosulphite (Muller’s method, cf. Bernthsen 
and Drews, Ber. 1880, 13, 2283) and titanous 
chloride (IDiecht, J. Soc. Djmrs and Col. 1904, 
20, 97 ; 1905, 21, 292). Of these methods the 
one to which most attention has been given is 
the oxidation process using potassium per- 
manganate. 

The Permanganate Method. — Toeliminate 
the errors due to the oxidising action of per- 
manganate on substances other than indigotin, 
Rawson devised two methods. The first de- 
pended on precipitating the indigotinsuliihonic 
acid with salt, leaving impurities in solution 
{ibid. 1885, 1, 74, 201 ; Knecht, Rawson and 
Loewenthal, “ A Manual of Dyeing,” 8th ed., 
C. Griffin, London, 1925, Vol. II, p. 815) ; the 
second depended on adding barium chloride, 
when the precipitated barium sulphate carried 
down suspended impurities. The results were 
identical by both methods (J.S.C.I. 1899, 18, 
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251). The process, using the salting out tech- 
nique, is carried out as follows ; finely powdered 
indigo, 0-5 g., is mixed with its own weight of 
ground glass and sulphonated in a porcelain 
crucible using 20 c.c. of concentrated sulphuric 
acid at 70° for £—1 hour ; the product is diluted 
with water to 500 c.c. and the liquid filtered to 
remove insoluble impurities. 50 c.c. of this 
solution are mixed "with 50 c.c. of water and 32 g. 
of common salt, and, after standing for 1 hour 
the precipitated sodium indigotinsulphonate is 
collected and freed from soluble impurities by 
washing with 50 c.c. of salt solution {d 1-2). The 
precipitate is 'dissolved in hot water, 1 c.c. of 
sulphuric acid added, diluted to 300 c.c. and 
titrated ■with Y/50 potassium permanganate 
solution. The liquid gradually takes a greenish 
tint, the final disappearance of which constitutes 
the end of the titration. Each c.c. of NjoQ 
permanganate is equivalent to 0-0015 g. of 
indigotin. This figure was later corrected to 
0-00147. I 

The analysis of indigo, particularly by the 
permanganate method, was examined critically 
by Bloxam (J.C.S. 1905, 87, 974; J.S.C.I. 1906, 

25, 735), Bergtheil and Briggs {ibid. 1906, 25, 
729), Orchardson, Wood and Bloxam (ibid. 1907, 

26, 4) and Gaunt, Thomas and Bloxam {ibid. 
1907, 26, 1174). 

Bloxam considered that all methods of 
remo-ving impurities failed when the indigotin 
was sulphonated only to the disulphonic acid, 
but found that if the sulphonation was carried 
to the tetraml/plionic acid, this could be precipi- 
tated in a pure form by potassium acetate. The 
experiments were made at first •with indigo 
purified by sublimation from the Badische Com 
pany’s synthetic “ B.A.S.F. rein ” material. 
The jprocess is carried out thus : 1 g. of indigo 
mixed -with 2—3 g. of powdered glass, free from 
iron, is sulphonated with 5 c.c. of fuming acid 
(25% SOg) for 0-5 hour, in a water oven, and the 
solution diluted to 500 c.c. -with water ; 100 c.c. 
of this solution are treated with 100 c.c. of 
potassium acetate solution (450 g. per litre), 
which causes precipitation. The mixture is 
warmed and then cooled in ice water when the 
tetrasulphonate separates completed in crystal- 
line form. It is filtered on a Gooch crucible, 
and washed free from the brown supernatant 
liquor -with a solution of 90 g. of potassium 
acetate and 5 c.c. of acetic acid in 600 c.c. of 
water. The product is dissolved in 200 c.c. of 
w'ater, and 20 c.c. of this solution are diluted -ndth 
80 c.c. of water, and after addition of 0-5 c.c. 
of sulphuric acid, titrated -with permanganate 
(1/1000). The factor given is 1 c.c. of 1/1000 
permanganate=0-00222 g. of indigotin; Kaw- 
son’s figure of 1 c.c. A/50=0-00147 when cal- 
culated to 1/1000 permanganate is rather higher, 
namely 0-00237. It was shown that pure indigo 
when mixed ■with indigo bro^wn and indigo-gluten 
gave accurate results by this method. Further, 
Perkin and Bloxam (J.C.S. 1910, 97, 1473) have 
analysed natural indigo by this method, deter- 
mining the indigotintetrasulphonic acid after 
isolation and re-solution, by titration both ■with 
permanganate and -titanous chloride, and they 
obtained results by both methods identical 
■ivithin the limits of experimental error with 


those obtained by a method involving an inifja 
extraction of indirubin by pyridine \see hekir) 
Reduction Methods. — The reduction 
methods of determining indigotin depend on the 
fact that both hydrosulphite (NagSgO^) and 
titanous chloride reduce indigotinsulphonic acids 
quantitatively to the leuco-compounds. Both of 
these reducing agents are unstable on e.vposure 
to air, and special precautions have to be taken 
to protect the standard solutions from oxidation. 
Titanous chloride is the less unstable of the teo. 
moreover the technique of its use is no^sr so 
well known that it is to be preferred. Knecht 
{l.c. 21, 292) found that when the reduction of 
the indigotinsulphonic acid by titanous chloride 
took place in presence of mineral acid the end 
point was indefinite, but sharp results ivere 
obtained when the titration was carried out in 
presence of a tartrate, namely Bochelle salt. 
Bloxam, however, preferred to use sodium tar- 
trate as it is more soluble than Bochelle salt. 
The method used by Knecht is to sulphonate 1 g. 
of indigo --with 5 c.c. of 100% sulphuric acid at 
90° for 1 hour, dilute to 300 c.c., treat ■with 12 g. 
of chalk, cool and make up to 500 c.c. ; 50 c.c. of 
this solution are mixed ■«!& 25 c.c. of 20% 
solution of Bochelle salt and titrated whilst 
bofiing -ndth titanous chloride. Bloxam sulpho- 
nates 1 g. of indigo -with 20c.c.ofl00%H2SO4; 
the product is diluted to 500 c.c. and 25 c.c. 
of this, requiring 4 g, of sodium tartrate, are 
titrated -with titanous chloride solution contain- 
ing 1 c.c. of cone, hydrochloric acid in 50 c.c. 

Jones and Spaans (J. Ind. Eng. Chem. 1916, 8, 
1001) have suggested titrating sulphonated 
indigotin -with sodium formaldehydesulphoxy- 
late. 

Unh'ke the above reduction processes, the 
oxidation of indigotinsulphonic acid by per- 
manganate is not quantitative in the sense of 
consuming stoicheiometrically related quantities 
of the reagent. Standard empirical conditions 
must be observed to obtain quantitative results 
for analysis. Whereas complete oxidation to 
isatinsulphonic acid woidd require 0-4824 g- of 
potassium permanganate per gram of indigotin, 
actually only 0-45 g. is needed to decolonsc 
the indigotinsulphonic acid. Perkin and Bloxam 
(J.C.S. 19i0, 97, 1462) consider that two ex- 
planations are possible, either that the oxidation 
to the isatin stage proceeds in two steps, no 
intermediate compound, possibly the sulphomc 
acid of (I) being formed; or that two products 
formed by two separate reactions, 


are 


one 



being 

acid. 

work 


possibly a dehydroindigotinsulphonic 
These, however, are speculations. Later 
wui-iv by Heinisch (Farber-Ztg. 1918, 29, I > 
194) showed that when sulphonated indigotin 
■was titrated with permanganate at the 
high dilution of 1 part of indigotm m 20,006 oi 
water, the permanganate used coirespondcc 
■with 9 atoms of oxygen to 5 mol. of indigotin, 
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instead of the 2:1 ratio required for isatin 
formation. 

Analyses of Indigos Rich in Indirubin. 

Indiruhin and its sulphonic acid are less 
readily attacked hy both oxidising and reducing 
agents than indigotin and its sulphonic acid; 
consequently when the mixed sulphonic acids 
are being titrated with permanganate, titanous 
chloride or liydrosidphite, the indigotinsul- 
phonic acid is to some extent preferentialty 
attacked. It has been claimed by Rawson that 
an approximate estimate of the indirubin 
present may be obtained from the colour change 
towards the end of the permanganate titration ; 
and Knecht makes the same claim for the 
titanous chloride process. Other workers, in- 
cluding Bloxam and Perkin, and Koppeschaar 
(Z. anal. Chem. 1899, 38, 1) do not agree. 
Generally, for indigos rich in indirubin, it is 
preferable to extract the latter with a solvent 
before sulphonating. 

For the extraction of indirubin, ether was 
used by Rawson, glacial acetic acid by Koppes- 
chaar and acetone by Gardner and Denton 
(J. Soc. Dyers and Col. 1901, 17, 170). Bloxam 
and Perkin re-examined the question and con- 
cluded that the solvent power observed of 
ether and acetone for indirubin was in reality 
due to their alcohol content. Acetic acid was 
fairly satisfactory, but pyridine was better and 
they devised a method based on its use (for 
details, see J.C.S. 1910, 97, 1460). The in- 
dirubin extracted by the pyridine contained 
some indigotin. It was sulphonated, after it 
had been freed from indigo brown, and the 
indirubin and indigotin contents were deter- 
mined by comparison in a Duboscq colorimeter 
ivith mixtures of standard solutions of sulphonic 
acids of pure indirubin and indigotin. The 
residual indigotin, after extraction with pyridine, 
was freed from indigo-gluten and determined, 
for example, by the tetrasulphonate method. 

Determination of Indican in the Leaves 
of Indigo Plants. — Considerable research was 
devoted to devising a means for estimating the 
indican content of plants, this being among 
the data necessarj^ for determining the efficiency 
of the manufacturing process. Rawson devised 
a process consisting in extracting the leaves 
(20 g.) for 2 minutes with boiling water (260 c.c.) 
and simultaneously hydrolysing the extracted 
indican with hydrochloric acid and oxidising to 
indigotin with ammonium persrdphate. This 
process was later improved to give a higher yield 
of indigotin by Bergtheil and Briggs (J.S.C.I. 
1906, 25, 734) and by Orchardson, Wood and 
Bloxam {ibid. 1907, 26, 4). 

A better method was later devised, based on 
the reaction of indoxyl with isatin to give 
indirubin. Orchardson, Wood and Bloxam (l.c.) 
proceed as follows : to 250 c.c. of plant extract, 
from 5 g. of leaf, is added 0-1 g. of isatin and the 
mixture is boiled in a flask for 6 minutes, -to 
expel air, whilst carbon dioxide is passed 
through. Bj' means of a tap fimnel 20 c.c. of 
hydrochloric acid are added and the liquid is 
kept boihng for 30 minutes. The precipitated 
indirubin is filtered, washed with hot 1% sodium 
hydroxide and then with acetic acid, dried and 


weighed. The indirubin obtained is practically 
pure (98'6%) and the weight can be taken for 
calculating the indican content of the sample ; 
or for greater accuracy it can be sulphonated and 
titrated with titanous chloride. This method 
gives quantitative figures with pure indican, and 
higher figures both with pure indican (16%) and 
with leaf extract (26%) than the persulphate 
process, probably because persulphate has an 
oxidising action on indigotin. 

Analysis of Synthetic Indigo. 

Synthetic indigo can, of course, be determined 
by suJphonation and titration with perman- 
ganate as described for natural indigo, and with 
the synthetic product the difficulties due to the 
presence of so many impurities do not arise. 
W. Thomson (J. Soc. Dyers and Col. 1921, 37, 
166) gives directions for the use of the per- 
manganate method for the analysis of 20% 
indigo paste. Ceric sulphate has found appli- 
cation in an industrial laboratory for the 
determination of indigo, after sulphonating. 
As Avith permanganate, the method is empirical, 
and comparative titrations are carried out on a 
sample of pure standard indigo and the sample 
to be tested. The sample of indigo to be 
analysed is first extracted with hot hydrochloric 
acid (2-6 g. of indigo, 100 c.c. of water and 30 c.c. 
concentrated acid at water-bath temperature) 
for 10 minutes, filtered, washed and the loss in 
weight determined. About 1 g. of the dried, 
extracted indigo is sulphonated in a test tube 
with 12-0 c.c. of concentrated sulphuric acid 
(d 1-84) for 1 hour at 75°, and the mixture 
poured into 600 c.c. of water. After adding 
washings, the whole is made up to 1 litre, filtered, 
and 60-0 c.c. of the solution, diluted with 300 c.c. 
of water are titrated, in a 7 in. porcelain basin, 
the ceric sulphate being run in at the rate of 
about 6-0 c.c. per minute until the greenish 
colour disappears. The end point is observed 
best by running in 3 or 4 drops of ceric sulphate 
solution and stirring slowly, a streaky effect 
shoAving that indigotin is stUl present. 

The ceric sulphate solution used for the titra- 
tion is prepared by dissolving by Avarming 20 g. 
of technical ceric sulphate in a mixture of 41 c.c. 
of concentrated sulphuric acid and 400 c.c. of 
distilled water. The solution is cooled to room 
temperature, filtered through glass wool and 
made up to 1 litre Avith distilled Avater. The 
strength should be adjusted so that 60 c.c. of 
sulphonated indigo solution (about 0'05 g. of 
indigotin) is equivalent to 46 c.c. of the ceric 
sulphate solution. 

An electrometric method for determining 
indigotin, especially in reduced indigo prepara- 
tions, has been described by Strafford and 
Stubbings (J.S.C.I. 1938, 57, 242). It consists 
in adding a knoAvn amount of hydrosulphite to 
reduce the indigo present, and folloAving the 
electrical potential whilst titrating with Fehling’s 
solution. The potential curve gives the amount 
of hydrosAilphite and of leucoindigotin present, 
and from the former the amount of indigotin 
reduced by the added hydrosulphite can be cal- 
culated. For details the original must be 
consulted. 

A colorimetric method for determining the 
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indigo content of a vat is described by J. 
Loticbius (J, Soc. Dyers and Col. 1939, 55, 87 ; 
1940, 56, 433). A knomti amount of the vat is 
oxidised b}’’ hydrogen peroxide in presence of 
sodium protoalbinate which prevents precipi- 
tation of the indigo so that a blue sol is obtained. 
This, after suitable dilution, is compared colori- 
metrically with a sol of known indigo content or 
with a dyestuff solution of similar shade, such as 
iSirius Blue B, which has been standardised 
against a Icnown indigo sol. 

SYNTHETIC INDIGOTIN. 

Pure indigotin is a solid substance which can 
be crystalhsed from a number of solvents, 
especially from phthalic anhydride, from which 
it separates in beautiful blue prisms, which 
when rubbed have a coppery sheen. It is in- 
soluble in water, acids and alkalis and cold 
alcohol; sUghtly soluble in hot alcohol and 
acetone, more readily in chloroform and glacial 
acetic acid, readily in boiling aniline, nitro- i 
benzene and phenol. It can be volatilised giving 
a violet vapour, its density corresponding \rith 
the formula CjgHjgNgOa. Its absorption spec- 
trum shows a maximum at A5900a. in xylene, 
and A6015a. in tetrahn. 

Chemical Structure and Early Synthetic 
Methods. — ^The chemical structure of indigotin ! 
was elucidated by the German chemist Adolf 
von Baeyer, after he had devoted many years 
to the study of the dyestuff and compounds 
related to it. He devised, in the course of his 
work, several methods by which indigotin could 
be prepared artificially, but it was not his 
fortvme to discover a process which was suitable 
for manufacture; this problem was solved by 
othens. 

Baeyer has himself disclosed the motives which 
inspired his work on indigo in a paper which tells 
the story of his researches doum to 1880 (Ber. 
1900, 33, Sonderheft, LI). In 1826 Unverdorben 
had obtained aniline by dry distillation of 
indigo, and later, in 1841, Eritzsche had obtained 
antlmaniKc acid, which was later to be of such 
importance for indigo manufacture. Thus the 
benzenoid character of indigotin was fully 
established, and in 1841 Erdmann, and in- 
dependently Laurent (1842), had obtained isatin 
by oxidation of indigo. Baeyer decided to in- 
vestigate isatin, especially the problem of 
reducing it back to indigotin. This work led to 
the discovery of dioxindole (I), oxindole (II) 
and eventually of indole (III), which was 



III. 


obtained by Baeyer and Emmerling by fusing 
o-nitrocinnamic acid with potash and iron filings 
{ibid. 1869, 2, 680). ^ 

The following year the same chemists obtained 
some indigo by heating isatin with phosphorus 
trichloride and acetyl chloride in presence of a 
little phosphorus at 75-80° {ibid. 1870, 3, 514). 
Baeyer returned to the consideration of this 
reaction 8 years later.' By then he had con- 
cluded that isatin had the formula (IV), and 



IV. ' V. 


he realised that, to convert isatin into indigo, 
he must attack the carbon atom which is 
attached to the nitrogen atom. He, therefore, 
now used phosphorus pentachloride and ob- 
tained an intermediate substance, to which he 
assigned formula (V). This was readily reduced 
by a variety of agents, including ammonium 
sulphide, to indigotin. For about 8 years after 
1870 Baeyer left the indigo field to Kekule, who 
was trying to synthesise isatin without success. 
About 1878 Baeyer took up the subject again. 
He succeeded in nitrating phenylacetic acid to 
the o-nitro-derivative, and on reduction this 
readily gave oxindole by ring-closure. To make 
the indigotin synthesis complete it was now 
necessary to convert oxindole into isatin. This 
was done through nitroso-oxindole (VI) and 
amino-oxindole (VII), the latter giving isatin 


C:N-OH CH-NHs 



VI. VII. 


»n oxidation {ibid. 1878, 11, 584, 1228). An 
ndependent synthesis of isatin from o-nitro- 
)enzoyl chloride through o-nitrobenzoyl cyanide 
ind o-nitrobenzoylformic acid was accomplished 
jy Claisen and Shadwell {ibid. 1879, 12, 350). 
Vhen the nitro-group of this acid is reduced the 
•esulting o-aminobenzoylformic acid undergoes 
■ing- closure, thus confirming the suggestion 
nade by Kekule {ibid. 1869, 2, 748) that isatin 
8 the inner anhydride or lactam of this acid. 

So far no synthesis of indigotin having any 
-echnical importance had been discovered, bu 
vhen Baeyer turned his attention to o-mtro- 
linnamic acid the outlook changed ; from s 
ime (1880) onwards, all discoveries having tne 
lightest chance of being workable were patentea, 
,nd the Badische Anilin- tmd Soda-Fabrik tooU 
n active interest in the search for an indigo 
ynthesis. 

A vast amount of time and trouble was ex- 
•ended in trying to devise a satisfactory syn- 
hesis from o-nitro-substituted acids, ketones, 
tc., of the benzene series. The methods a 
•roke down, howeypr^ pn account of low yield 
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or of difficulty in getting the requisite o-nitro- 
compound. Generally o-nitrobenzaldehyde was 
needed as a starting material, a substance 
notoriously difficult to get. Baeyer’s first 
success was obtained by converting o-nitro- 
cinnamic acid through its dibromide (I) into o- 
nitropropiolic acid (II), which Avith mild reducing 
agents gave indigotin {ibid. 1880, 13, 2254) : 

.CHBrCHBrCO.,H 




I. 


.C-CCO^H 


Indigotin. 




II. 


This process Avas patented (G.P. 11857), and 
Avas sold “to the Badische Co. and the Hochst 
EarbAverke jointly. 

Another method devised Avas that involving 
addition of hypochlorous acid to o-nitro- 
cinnamic acid to give (III), followed by removal 
of HCI to form o-nitrophenyl-^S-hydroxyacrylic 
acid (IV), Avhich on heating gave indigotin (Ber. 
1880, 13, 2262) : 

.CH(OH)-CHCl 


CO 2 H 


'NO, 


III. 


,C(OH):CH 


COgH 


Indigotin. 




2 

IV. 


Another synthesis of great theoretical interest 
Avas from o-nitrophenylacetylene, obtained by 
heating o-nitrophenylpropiolic acid in Avater. 
The copper compound of the acetylene Avhen 
mildly oxidised Avith ferricyanide gave dinitro- 
diphenyldiacetylene (V), converted by fuming 

,CiC— C:Cv 


'NOa NO2 

V. 



CO— C— C— CO 





N O O N 

VI. 

sulphuric acid into an isomeric compound, 
di-isatogen (VI) Avhich by reduction gives 


indigotin (ibid. 1882, 15, 50). Baeyer’s synthesis 
of indoxyl (Avhich see) and thence of indigotin 
by oxidation follows similar lines. 

o-Nitrobenzaldehyde Avas condensed by Baeyer 
and DreAvsen with acetone to form )3-hydroxy-^- 
-nitrophenylethyl methyl ketone. 


^CH(0H)CH2-C0-CH3 


-NO, 


Avhich is converted into indigotin by simple 
treatment Avith alkali (ibid. 1882, 15, 2856) ; 
instead of acetone, other substances such as 
pyruvic acid could bo used. 

Of all the above processes, only tAvo achieved 
transitory practical application. o-Nitrophenyl- 
propioUc acid Avas sold, as its sodium salt, by 
the Badische Co., to be made up into a printing 
mixture immediately before use Avith a thickener, 
a xanthate as a reducing agent and borax as a 
mCd alkali. Its use was restricted OAving to its 
high cost and the objectionable odour of the 
xanthate. Kalle and Co. marketed the bisul- 
phite compound of Baeyer and Drewson’s ketone 
as “ Indigo Salt," also for calico printing, but it 
had a restricted use. 

Structure of Indigo. — ^As a result of his 
Avork, extending over about 18 years, Baeyer 
in a masterly paper (ibid. 1883, 16, 2188) formu- 
lated Ills vieAvs on the structure of isatin, 
indoxyl, the indogenides and finally of indigotin. 
The formulee Avhich he advanced have stood the 
test of time and have been the foundation on 
which a vast chapter of chemistry has been built 
up (see Indiqoid Dyestuffs). The matter is 
referred to again, hoAvever, under structure and 
colour (see p. 447a). 

The arguments leading to this formula for 
indigotin were briefly : 

(1) Indigotin contains two imino groups. 

(2) The carbon atom next to the benzene ring 

must carry an oxygen atom. 

(3) The formation of indigotin from dinitro- 

diphenyldiacetylene proves the presence 
of the chain CgH 4 -C-C-C'C'CeH 4 . 

Indigotin must be closely related to indirubin ; 
the two are isomeric, and since indirubin must 
be the ^-indogenide of isatin, indigotin must be 
the a-indogenide. The formulaj Avith con- 
ventional numbering are given beloAV : 



O' 0' 

Indirubin. 
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Baej^er poinl-ed out clearly in tliis paper that 
both isatin and indoxjd are capable of reacting 
in two forms, owing to the lability of a hydrogen 
atom. He gave to the compounds and their 
2 )seHdo-forms the following formulre : 



Isatin. 


C-OH 



NH 


Indoxj^I. 


CO 



NH 


i/i-indoxyl. 


An explanation of the formation of indigotin 
from Baeyer and Drewson’s o-nitrobenzalde- 
hyde-ncetone condensation product has been 
advanced by T. Tanasescu and A. Georgescu 
(Bull. Soc. chiin. 1.932, [iv], 51, 234). They sup- 
pose that the ketol (1) passes ^vith loss of water 
into the o-nitroso-compound (II) which, in 


,CH(OH)CHvCOCH3 



I. 



N 

in. 


presence of aUcali cyclises to (HI), 2 mol. of 
which b 3 ’^ hj'drolysis give acetic acid and 1 mol. 
of indigotin. 

The first claim to have S 5 Tithesised indigo was 
made by Emmerling and Engler (Ber. 1870, 3, 
885), who obtained a very small quantity bj-- 
heating o-nitroacetophenone with zinc and soda- 
lime. IMuch doubt was thrown upon their 
claim as for a long time the experiment could 
not be repeated successful^, but it was even- 
tualty admitted that a trace of indigo can be 
thus^ohtaivcfh Later it -iyis shown that o-amino- 
acetophenone, and especially* o-amino-w-chloro- 
(bromo-)acetophenone can thus be converted 
into indigo. It has recently been shown by 
P. llugeli and H. Rcichwcin (Ilelv. Chim. Acta. 
1037, 20, 013) that while the free amine gives a 
very low ydeld of indigotin a much improved i 


yncld, as high as 73%. can be obtained by 
acetylating the amino group and heating the 
o-acetajnino-w-bromoacetophenono willi alkali 
in an air current. 

The ketols obtained by* condensing o-nitro- 
benzaldehyde with acetoidionono and its sub- 
stitution products aho give indigotin with alkali. 
I. Tanasescu and A. Baciu (Bull. iS'oc. chiin. 
1937, [v], 4, 1G73) have sho^vn tli at negative 
substituents in the benzene ring of the nceto- 
phenonc favour indigotin formation, and in 
particular the compound from ncetophcnone-l- 
carboxy^hc acid. 


,CH(OH)CH„-Co/~^ \cO.H 
\ / 


■'NO. 


passes quantitatively' into indigotin by sinijile 
dissolution in aUcali. 


jManufactuek or Syktiietio Indio o. 


The discoveries underlydng modem manu- 
facturing methods for indigo were made 
by K. Heumann, of the Zurich Poly*tcchnie (Ber. 
1890, 23, 343), who in 1890 observed that both 
phonylgly'cine and phenylgh'cine-o-carbo.xylie 
acid arc transformed into, indoxyl by' fusion with 
caustic potash. The procosse.s were patented 
(G.P. 54620, 56273, and numerous additions) and 
were acquired by the Badischo Anilin-und Kodii- 
Fabrik. The y'ield from phcnylgly'cino was very 
small ; that from the jihenylglycinc-o-carhoxylie 
acid was better, and it was on this jirocc’s that 
attention was concentrated. As has been shown 
by published experimental results, y'ields of 
indigo as high as 89% of theory' can bo oht aiiicd 
by fusing pheny'lgly'cinc-o-carboxy'lic acid with 
12-16 mol. proportions of caustic potash at 26(P 
for 10 minutes and o.vich'sing the indo.xyl formed 
(M. Phillips, J. Ind. Eng. Chein. 1921, 13, 75<)). 
Caustic soda gives lower y'ields than caustic 
potash. The reactions involved are the fol- 
loiving : 

NH-CHyCOaH 




NH 



Thi« proce-s wac tin* one niil!>''‘d by the Bide'- fi' 
Co. in the first surtt— 'fui mannhulur- of -;.n- 
thetic indigotin. which v.a- laimeh<-d on «■'< u- 
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market in 1897. There were many difficulties, 
however, to be overcome before the project 
became a success, and the Radische Co. alone is 
said to have expended £1,000,000 in research 
and experiment before manufacture succeeded. 
Phenjdglycine-o-carboxylic acid, which was to be 
the starting-point of the synthesis, had to be 
manufactured from anthranilic acid and chloro- 
acetic acid. In view of the enormous quantities 
of anthranilic acid that would be required, its 
preparation from o-nitrotoluene was not feasible. 
Fortunately, another process was available, 
namely, the application of the ATCll-known Hof- 
mann reaction to phthalimide. Sodium phthal- 
imide is treated at a low temperature vdth sodium 
hypochlorite when the following reaction occurs : 

CO 

^NNa-l-NaOCI-l-HjO 

CO 

Sodium phthalimide. 

yCOaNa 

^ CeH / -hNaCl-bCOa 

^NH, 

Sodium antluaniiate. 

The phthalimide for this process is readil^’^ 
obtained by the action of ammonia on phthalic 
acid or anhydride. Fortrmately at about this 
time there was discovered a cheap and facile 
process for obtaining phthalic anhydride by the 
oxidation of naphthalene with sulphmic acid in 
presence of mercmic sulphate. Thus it was 
possible to found the synthetic indigo industry 
at once on a cheap, abundant raw material, 
naphthalene. At the same time the success of 
the enterprise must turn on the economical 
utilisation of all materials and the recovery of 
by-products. The manufactru-e of phthalic 
anhydride used up vast quantities of sulphuric 
acid which were converted into sulphur dioxide. 
This large production of sulphur dioxide was 
re-oxidised to sulphuric acid by the “ contact ” 
process, a process for the manufacture of sul- 
phuric acid which undoubtedly was stimulated 
by the development of indigo manufacture. The 
ultimate success of the first synthetic indigo 
manufacture is attributed to the courage, in- 
ventive genius and perseverance of Rudolf 
ICnietsch of the Badische Co. 

The next important discovery bearing on 
indigo manufacture came from a source outside 
the dyestuff firms. The Deutsche Gold- und 
Silber-Scheideanstalt in Frankfurt a/M. were 
manufacturers of sodamide, for sodium cyanide, 
and one of their chemists, J. Pfleger, discovered 
that the conversion of phenylglycine into indoxyl 
in the alkali melt goes much more smoothlj% in 
fact practically quantitatively, when sodamide 
is used instead of sodium hyffi'oxide. This dis- 
coverj’’ immediately put the manufacture of 
indigo in a new light, since aniline now became 
a competitor of anthranilic acid as starting 
material. It is true that the Pfleger process was 
also applicable to phenylglycine-o-carboxylic 
acid, but any improvement due to such a modifi- 
cation could hardly off-set the lower price of 
aniline compared with anthranilic acid. The 
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process was acqtured by the firm of Meister, 
Lucius and Briining, who at about the same 
time discovered an important new method 
of manufactming phenylgtycine without using 
chloracetic acid. They applied some earlier 
work of Bender and of Miller and Plochl on 
anhydroformaldehyde-anihne, and showed that 
phenylglycine-nitrile could he readily and 
quantitatively obtained from aniline, formalde- 
hyde and sodium cyanide (G.P. 151538, 1901) : 

CeHs-NHa-fCHgO+NaCN 

= C6H5-NH-CH2-CN + NaOH 

Subsequent hj^drolysis of the nitrile gives the 
glycine. 

These two discoveries paved the way for what 
is now, probably, the only practically worked 
process for indigo manufacture; in brief, the 
preparation of phenylgtycine from aniline, 
formaldehyde and sodium cyanide; fusion of 
the sodium phenylglycinate wth mixed caustic 
potash and soda in presence of sodamide ; and 
oxidation of the indoxyl by means of air. Water 
is formed during the cyclisation and it is the 
function of the sodamide in the fusion to counter- 
act the destructive effect of this water at the 
high temperature used : 



C-ONa 


and 1 mol. proportion of sodamide should suffice 
for this purpose. 

Details of the above fusion and oxidation 
processes are given by Fierz-David, “ Kiinstliche 
organische Farbstoffe,” Berlin, 1926, pp. 441- 
443, and by F. Henesey (J. Soc. Dyers and Col. 
1938, 54, 105). The two descriptions differ in 
detail, from which one can infer that the pro- 
cesses employed differ in different factories. It 
can be gathered from the descriptions that the 
phenylglycine may be used as a mixture of 
sodium and potassium salts; that the mixed 
alkali used is about 4 times the weight of the 
phenylglycine, and may contain KOH:NaOH 
in the ratio 2:1. The sodamide may, according 
to Fierz-David, be made in situ, in the fusion pot 
by passing dry ammonia into the vessel contain- 
ing a mixture of caustic soda and potash at 350°, 
and adding sodium whilst the mass is allowed 
to cool. The glycine salt is added at a tempera- 
ture of about 190°. According to Henesey the 
fusion is finished at 220° in an inert atmosphere, 
and is complete in 5i hours ; Fierz-David gives 
a fusion temperature of 190-210° and a total 
duration of 2\ hours. Henesey claims that the 
best yield is obtained using 2 mol. of sodamide 
per mol. of phenylglycine. At the end of the 
fusion the mass is discharged into ice and water, 
thus keeping the temperature below 50°, and is 
air-blown to oxidise the indoxyl to indigotin. 
According to Henesey the concentration of 
indoxyl at this stage should be about 4% and 
of alkali about 6% (these figures should represent 
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the proportions of glycine to alkali used in the 
fusion, which Henesey does not give) and the 
temperature should not exceed 70'’. The preci- 
pitated indigotin is filtered in a press, washed 
with water, then washed in a vat with dilute 
acid to remove alkali, finally filter-pressed and 
washed again. It is then ready for standardising. 

An important part of the process is the 
recovery of the alJcali by concentration of the 
dilute solution obtained after the filtration of 
the indigotin. The yield of indigotin is given 
by Henesey as about 62-5% ‘ on the phenyl- 
glycine. There are, however, recoveries which 
bring the yieid much higher. During the fusion, 
some 8% of the glycine is hydrolysed to methyl- 
aniline and aniline, which are recovered; and 
during the oxidation some anthranilic acid is 
formed, which is also recovered. Another by- 
product formed in small amount is flaviridine 
(quindoline-4-carboxylic acid), formed by inter- 
action of isatin (or the corresponding acid) and 
indoxyl, thus : 

NH 

/CO COgH // \ 

CcH/ -}- CHa CeH^ 

\NH2 

CO 


synthesis of indigotin itself, yet served as the 
cheapest process for isatin and its substitution 
products. Unlike the other technical syntheses 
it arrives at indigotin through an isatin deriva- 
tive, The synthesis starts with thiocarbanilide, 
obtained quantitatively from aniline and carbon 
disulphide. This is treated simultaneously vith 
lead oxide and hydrocyanic acid, when it is 
converted quantitatively into “ hydrocyano- 
carbodiphenylimide ” (cyanodiphenylformami- 
dine) : 


-HjS-i-HCN 
^NHPh ^ 


NC— 


NPh 

NHPh 


The last compound when treated with j’-ellow 
ammonium sulphide is transformed by addition 
of HgS into a thioamide which is converted by 
concentrated sulphuric acid into isatin-2-anil, 
m.p. 126°, 


NH NH 



NC 


COgH 
C NH 



Flavindino. 


Fierz-David claims that the over-all yield of 
indigotin by the process is about 90% of theory. 

Only brief reference can be made to two other 
processes which have been used for the manu- 
facture of indigo. The Badische Co, is said to 
have manufactured large quantities of indigo 
between 1912 and 1914 by alkaline fusion of 
^-hydroxyethylaniline, obtained from aniline 
and ethylene ehlorohydrin {see Fierz-David, op. 
cit. 443-44). The fusion follows -much the same 
course as that of phenylglycine, except that a 
mixture of caustic alkali and quicklime is used : 



CHgOH 
S-ITydroxyethylaniline. 


NH 



+ 2 H 2 


and the formation of indoxyl is accompanied 
by that of hydrogen. 

Another B 3 Tithesis is that of T. Sandmeyer 
(Z. Farb.-u. Textil-chem., 1903, 2, 129), which, 
although it failed to be applied for the 


NH 



Isatin-2-aDil. 


The anil is readily hydrolysed by boiling 
dilute acid to isatin and aniline. It can be con- 
verted into indigotin by reduction vith am- 
monium sulphide in alcoholic solution ; or it 
can be converted by means of sodium hj’dro- 
sulphide into a-thioisatin which, when treated in 
aqueous suspension with sodium carbonate 
decomposes into indigotin and sulphur : 


CO 


2CeH4 





CO 


c=c 


CO 


'^n'h 


NH 


CfiH^ 


-f2S 


For a full description, see H. E. Fierz-David and 
.. Blangey, “ Grundlegende Operationen dcr 
?arbenchemie,” 4th ed., 1938.) Sandniej 
irocess, which gives an over-all yield ot W/o 
)f theory, was used for manufacture for a tin 
ly J. R. Geigy & Co. of Svutzerland. One 0 
ts drawbaclm was its extensive use 01 
ihuretted hydrogen, a dangerous industrial 

In 1914 the manufacture of synthetic 
vas confined to two firms in 
ladische Co. and Meister, 
nd one in Switzerland, the Society of Chern . 
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Industry in Basle. The firm of Meister, Luchis 
imd Briining had started to build a factory, and 
nearly completed it, at EUesmere Port in 
Cheshire, when war broke out in 1914. This 
factory was opened for indigo manufacture by 
Messrs. Levinstein Limited, and eventually 
became absorbed into the British Dyestuifs 
Corporation and then into Imperial Chemical 
Industries Limited. . 

After the war of 1914-18 manufacture was 
successfully taken up in the United States, 
Prance, Italy and Japan. Russia was reported 
to have started a factory in the Ukraine in 1936, 
but by 1939 this attempt was said to have been 
unsuccessful. It may be that the saturation 
point has been reached. Already in 1926 Fierz. 
David estimated the output at 10,000,000 kg., 
about 10,000 tons, of 100% indigotin per annum. 
It seems probable, too, that for some of its uses 
indigo has been, and is being, displaced by newly 
discovered d^yestuffs. 


The Stbhcthee and Colohr of Indigo. 

Although Baeyer’s formula for indigotin is in a 
general way satisfactory, and no responsible 
chemist doubts that the component atoms of the 
molecule are combined as the formula shows, 
many chemists have felt that it does not satis- 
factorily account for the behaviour and pro- 
perties of the substance. There are tlu'ee 
principal facts which the formula, as ordinarily 
written, does not account for ; 

(1) As an ethylenic compoimd of the form 



C=C 


/ 

\ 


X 

Y 


indigo should exist in two isomeric forms, 
cis and tians; only one form is Imoivn. 

(2) The two keto- and two imino-groups are 

comparatively indifferent towards the 
usual reagents which attack such groups. 

(3) On existing theories of colour the intense 

colour of indigotin is scarcely to be 
expected from the structure ascribed to 
the compound. 

It seems probable that all these facts are to be 
ascribed to a common cause, and that a satis- 
factory formula should account for them aU. 
It must be remembered that a satisfactory 
theory must not only account for the coloiur of 
indigotin but also for that of thioindigo and all 
the other tjrpes of indigoid dyes. 

The question whether indigotin itself has the 
irans or cis structure may not be answerable 
from chemical evidence. When indigotin is 
condensed with 2 mol. proportions of phenyl- 
acetyl chloride, the derivative (I) is formed 
which must be derived from trans indigotin. 

^CPh— CO 
C 

N - C 

\cO— PhC<=^ 

I. 


CO CO 

N N 

\co— co/ 

II. 

This substance has a red colour and, according 
to Posner (Ber. 1926, 59 [BJ, 1799) its absorption 
spectrum is of the same type as that of indigotin, 
as is that of the corresponding derivative from 
indigotin and ethyl malonate. On the other 
hand the oxalyl derivative (II), which can be 
obtained from indigotin and oxalyl chloride in 
pyridine at- room temperature (Van Alphen, 
ibid. 1939, 72 [B], 625), must be a cis-indigotin 
derivative. This compound is yeUoiv, but its 
dianil is red-violet and the diethoxyoxalyhndigo 
(III) is also red-violet (Van Alphen, Rec. trav. 

CO CO 

XX XX 

CgH^ C=C CgH, 

XX XX 

N N 

I I 

EtaOCOC COCOjEt 

m. 

chim. 1939, 58, 378). The crystal form of 
indigotin is said to indicate a trans structure 
(A. Reis and W. Schneider, Z. lyrist. 1928, 68, 
547). 

The chromophore of indigotin may be regarded 
as the grouping 

O O 

II II 

— c— c=c— c— 


which is the grouping characteristic of all indi- 
goid compounds. The auxochrome is to be 
regarded as the NH or CqH 4-NH group. It 
is to be noted that the chromophore is the same 
as that present (in a double form), in benzo- 
quinone 


^C-C\ 

o=c c=o 
\c=c^ 


Since the group N H is a stronger auxochrome 
than S, indigotin (blue) has a deeper colour than 



Indantlirene blue. 
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thioindigo (red). H. Robinson (J. Soc. Dyers 
and Col. 1921, 37, 77) pointed out that the 
blue colours of indigotin and of Indanthrene 
Blue are probably due to the same cause, the 
interplay of partial valency forces between the 
CO and N H groups. Forces of this kind would 
stabilise indigotin in a tram form and no cis 
form could exist. ,A similar idea was put for- 
ward by Scholl and iladelung independently 
{see Madelung and Wilhehni, Ber. 1924, 57 [B], 
234). 


and imino-properties ; hut such 


gotin which havi 
deeply coloured. 


as are also 


valency is active between the O of the 
group and the N of the imino group thus : 



At the same time he shows that the oxygen 
of the keto-group may be displaced by the :N H, 
:N Ph and :NOH groups (hy indirect methods), 
the resulting compounds all being spectro- 
scopically similar to indigotin. 

Posner (l.c.) discussed the different formulae 
which had been proposed, and suggested a new 
one, in which the residual valency of the keto- 
group interacts with the far benzene ring as 
indicated in (I). Van Alphen, on the other hand. 



considers that the properties of indigotin can 
only he accounted for by the sim^taneous 
existence of a number of “ resonance hybrids 
of which (11) may he one (Rec. trav. chim. 1938, 
57. 911). 

The following Table (Posner) shows the effect 
of substitution in the N H ^oup on the position 
and intensity of the principal absorption band 
of indigotin. It is to be noted that all substitu- 
tion lowers the intensity very considerably, even 
when the effect is bathochromic. Thioindigo, 
however, has the same intensity as indigotin. 


^ Substance. 

m/i max. 

Relative 

intensity. 

^ Indigotin 

591 

1-00 

’ NN'-diethylindigotin . 

652 

0-31 

j N N '-di benzoylindigotin 

575 

0-31 

NN'-diacetyhndigotm , 

545 

0-35 

1 7:7'-dimethylindigotin . 
N - benzoyl - 7:7' - di - 

604 

0-54 

methylindigotin . 
Indigotin phenylacetic 

575 

0-31 

ester 

555 

0-31 

Indigotin malonic ester 

550 

0-31 

Thioindigo .... 

540 

1-00 



The writer is of opinion that, in the considera- 
tion which has been given to the colour of inch- 
goid dyes, insufficient attention has been paid 
to the indirubin and iVoindigo series. In indi- 
gotin the auxochromic effect of the N H group 
„ at a maximum; indirubin is much redder 
than indigotin, and isoindigo has lost all blue- 
ness. 

CO C6H4 

C=c NH 

NH CO 

Indirubin, violet red. 




C6H4 


nh'^^c 

CO 

iroindigo, brownish red 


CgH4 

^NH 

^C^ 


The effect on the colour of indigotin of substitu- 
tion in the benzene ring is comparatively simple. 
Substitution generally has a bathochromic 
effect, i.e. moving the absorption bands towards 
lonaer wave-lengths, except in positions 6 and 0 
(for numbering, .see p. 443d) where the effect is 
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hypsochromic. These remarks apply particularly 
when the substituent is methyl-, chloro-, bromo- 
or alkosy- {see Rormanek, Z. angew. Chem. 1928, 
41, 1133). Although indigos containing many 
other substituents in different positions have 
been described, no exact comparisons of their 
absorption spectra have been published. 

Leucoindigo ; Indigo White. — ^Amongst 
the numerous reduction products of indigotin 
which are Imown, only one is of technical im- 
portance, indigo white or leucoindigo. This 
reduction product is formed by the addition of 
two hydrogen atoms to 'the two ketonic oxygen 
atoms of indigotin, the process being analogous 
to the reduction of a quinone to' the corre- 
sponding hydroquinone : 

C-OH • COH 

NH NH 

Indigo white. 

Indigo white- and the corresponding reduction 
products of other indigoid dyes have the 
valuable properties that they form alkali salts 
which are soluble in water; that in this form 
they have affinity for textile fibres ; and that 
they are readily re-oxidised, generally by air, 
into the dyes from which they have been 
derived. Indigoid dyes are all applied to 
textiles in the form of their leuco- compounds. 
In practice the most important reducing agent 
for dyeing is sodium hydrosulphite, N 328204. 
For printing purposes, especially for discharge 
printing, sodium or zinc sulphoxylate, stabilised 
by combination with formaldehyde, is generally 
used. Before the introduction of these sub- 
. stances, glucose in presence of alkali had been 
much used in printing with indigo. In the 
fermentation vat, which is now little used in 
Europe for dyeing but stiU persists in the East, 
indigo is reduced to indigo white by products of 
the fermentation of carbohydrates by bacteria 
and yeasts. A very smooth reduction of in- 
digotin to indigo white is effected by hydrogen 
in presence of nickel suspended in aqueous alkali. 
This process is said to have been employed 
technically for the manufacture of indigo white. 
Another reaction of technical interest by which 
leucoindigo may be produced is that between 
indoxyl and indigotin in presence of alkali, 
whereby both are converted into the leuco- 
compound : 

2CsH70N-fCi6Hio02N2=2Ci6Hi202N2 

By this reaction it is possible to convert the 
indoxyl melt from phenylglycine directly into 
leucoindigo (Imperial Chemical Industries, B.P. 
417862). 

Indigo white can be obtained crystalline by 
acidifj^g a hot solution obtained by reducing 
indigo with zinc and aqueous caustic soda and 
cooling. Leucoindigo is marketed both as a 
concentrated solution containing soda or NHj 
and in the solid form. Tt is more stable when 
isolated by acid precipitation than in presence 
of alkali. Numerous processes have been 
VoL. VI.— 29 
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patented for improving pastes and other pre- 
parations of leucoindigo by addition of such 
substances as calcium chloride, molasses and 
other forms of sugar, glycerol, etc., and many 
devices for preparing stable dry powders have 
been protected by patents. Leucoindigo behaves 
as a dibasic acid and its acid salts are much 
more soluble than the neutral salts, a fact which 
can be utilised in the preparation of concentrated 
solutions. The magnesium salt is sparingly 
soluble. 

Leucoindigo can be both acylated with acid 
chlorides and alkylated or benzylated with 
appropriate reagents. The last property is 
utilised technically in the process of discharge 
printing. A quaternary ammonium compound, 
obtained by combining, for instance, dimethyl- 
aniline, with benzyl chloride and svdphonating 
(marketed as “ Leucotrope W ”) is used to assist 
the removal of reduced indigo, by forming a 
water-soluble benzyl derivative ; in this way a 
white discharge can be obtained in printing. 

Indigosol. — A very important step forward 
in the technique of dyeing mth indigotin was 
made in 1922, when M. Bader and C. Sunder of 
the Swiss firm of Durand and Huguenin in- 
vented a product now marketed as “ Indigosol 
0 or DH.” Indigosol, which has the structure 
shown, is the sodium salt of the disulphuric 


COSOgNa C-OSOgNa 



ester of leucoindigo. The sulphuric ester is 
formed by the action of chlorosulphonic acid or 
sulphur trioxide on leucoindigo in pyridine or 
other tertiary base such as dimethylaniline 
(B.P. 186057). The advantage of indigosol is 
that it has the properties of an acid dyestuff 
and can be dyed on to wool from an acid bath ; 
when dyeing wool from an indigo vat great care 
must be taken not to damage the wool by the 
action of alkali. It is said that dyeings of better 
fastness to rubbing are obtained with indigosol 
than by vat dyeing, owing to better penetration 
of the soluble dye in the fabric. The colour is 
develo.ped on the cloth dyed with indigosol by 
treatment with an oxidising agent such as sodium 
nitrite or bichromate and dilute srdphuric acid. 
Indigosol also finds important application in 
calico printing. Processes for dyeing and print- 
ing ufith Indigosol are described in a series of 
patents (B.P. 202630; 202632; 203681; 

218649; 220964; see also M. Bader, Chim. et 
Ind. 1924, Special No., 449; F. Peterhauser, 
J. Soc. Dyers and Col. 1926, 42, 152; 1927, 43, 
251). Besides indigotin itself, many other in- 
digoid dyestuffs are marketed as indigosols. A 
careful study of indigosols has been published 
recently by P. Ruggli and M. Stauble (Helv. 
Chim. Acta, 1940, 23, 689). 

An alternative process for preparing the sul- 
phuric esters of leuco-derivatives of vat dyes was 
discovered independently by Morton, Sundomr 
Fabrics, later Scottish Dyes Limited, who 
treated the dyestuff itself with sulphur trioxide 
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and a metal such, as copper in the presence of 
pyridine (B.P. 245587; 248802; 251491; 

258626). This process is particularly suitable 
for vat dyes of the anthraquinone series (v. 
Anthraquinone Dyestuees, Vol. I, 429a). 

Other methods of obtaining soluble derivatives 
of indigo have since been proposed, particularly 
for use in printing. The Society of Chemical 
Industry in Basle have condensed leuco-indigo 
TOth chloroacetic and )3-chloropropionic acids; 
the products are for use in printing, being 
oxidised by such agents as ferric chloride 
(B.P. 291768/1927). The I.G. Earbenindustrie 
patented the condensation of leuco-indigo (B.P. 
330579) or of indigo itself (B.P. 324119/1928) 
with m-chlorosulphonylbenzoic acid. The pro- 
ducts were claimed for use in printing (B.P. 
337846). Unlike the indigosols, the indigo con- 
densation product is hydrolysed by alkahs to 
the dye. 

Indigo Derivatives as Dyestuffs. — ^Rlany 
indigo derivatives, substituted indigos which are 
still vat dyestuffs, are dealt with in the article 
Indigoid Dyesttjees. There are, however, a 
few other derivatives of indigotin of different 
character, which may be mentioned here. 

Indigo Carmine, Indigo Extract. — ^It was 
discovered as early as 1740, by Barth, that indigo 
could be converted by sulphuric acid into a 
water-soluble dyestuff. The product so obtained 
was knoAvn as “ Indigo Extract ” and was used 
as an acid dye for woof. 

A similar product is manufactured from syn- 
thetic indigo by converting it into the disuh 
phonic acid. As a dyestuff it has poor hght- 
fastness and its use has decHned. As a foodstuff 
colour its use is permitted in the U.S.A. and in 
Austraha, The disulphonic acid of commerce 
(disodium salt) is the 5:5'-derivative (Vorlander 
and Schubart, Ber. 1901, 34, 1860) ; further 
sulphonation gives the 5:5':7-tri- and 5:5':7:7'- 
tetra-sulphonic acids (E. Grandmougin, Compt. 
rend. 1921, 173, 586). 

Indigo Yellow 3G Ciba. — In 1910 it Avas dis- 
covered that when indigo is treated Avith benzoyl 
chloride under certain conditions (see beloio) a 
valuable yellow vat-dyestuff was formed (B.P. 
29368/1910) which appeared on the market as 
“ Indigo Yellow SG Giba” This discovery AA-^as 
made by Engi and Frohlich, Engi being a 
chemist of the Society of Chemical Industry in 
Basle who was responsible for many important 
discoveries in the indigoid field. Engi pro- 
Ausionally regarded the neAV dyestuff as a simple 
derivative of indigo haAong the formula (I) 
(Z. angew. Chem. 1914, 27, 145), but doubt Avas 
thrown on this conception and in 1926 T. Posner 
and R. Hofmeister (Ber. 1926, 59 [B], 1827), on 



CHPh 


Engi’s formula. 

I. 


account of the intense colour of its A^at and its 
stabihty to oxidising agents, considered that it 
had lost its indigoid character and become con- 
verted into an anthraquinone derivative (II). 



Posner’s formula. 
II. 


Later the question was re-investigated by E, 
Hope and eollaborators in England (J.C.S. 1932, 
2783 ; 1933, 1000) and by H. de Diesbach and 
collaborators in Switzerland (Helv. Chim. Acta, 
1933, 16, 148; 1934, 17, 113; 1936, 19, 1213; 
1937, 20, 132 ; 1940, 23, 469). The problem in- 
volves four complex compounds obtained by the 
action of benzoyl ehloride on indigotin. 

(1) The first is the so-called Dessoulavy com- 
pound, obtained by acting on indigotin Avith 
excess of boiling benzoyl chloride until the blue 
colour disappears, and adding alcohol or ben- 
zene; it forms colourless crystals, m.p. 238°. 
It is also obtained from N N '-dibenzoylindigotin 
and benzoyl chloride and contains chlorine. 

(2) The so-called Hochst Yellow B, which can 
be obtained by simple hydrolysis of the 
Dessoulavy compoimd, C I being replaced by O H . 
It is isomeric Avith dibenzoylindigotin and is 
sometimes obtained as a by-product in the 
preparation of Indigo YeUoAV 3G. 

(3) Indigo Yellow 3G, obtained by heating 
indigotin Avith excess of benzoyl chloride in 
nitrobenzene in presence of copper poAvder at 
150-160°. H. de Diesbach showed that the 
nitrobenzene acts as an oxidising agent and that 
oxygen or air increases the yield. 

(4) Hochst Yellow U, which is formed when 
Hochst Yellow E is heated Avith concentrated 
sulphuric acid on the Avater bath. Both Hope 
and de Diesbach. rejected Posner’s formula for 
Indigo Yellow 3G and put forward alternative 
proposals, de Diesbach’s formulm for two of 
these compounds are given beloAV : 



Indigo YelloAV 3G. 
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Hochat Yellow E. 


Indigo (or Ciba) Yellow 36 is brominated to 
give a dibromo-derivative, “ Oiba Yellow (?,” 
said by Engi to be a still faster vat- dye. The 
latter was reduced in alcoholic alkali by such 
reducing agents as hydrosulphite to give a redder 
vat-dye of uncertain constitution, “Ciba Yellow 
6E.” 

When indigotin is condensed with 2 mol. pro- 
portions of phenylacetyl chloride it gives a 
brilliant red compound, “ Ciba Lake Red dis- 

covered by Engi in 1911, which is used for the 
manufacture of pigments of high fastness to 
light. 

Commercial Forms of Synthetic Indigo. — 
Synthetic indigo is marketed in Great Britain 
by Imperial Chemical Industries in the following 
forms which correspond closely to those of Conti- 
nental manufacturers ; “ Indigo LL powder ” 
and “ Indigo LL 20% paste ; “ Indigo Grains 
60%, ” a solid form pf the leuco-compound ; 
“ Indigo LL Vat J,” a ready-prepared leuco- 
solution for wool dyeing ; and “ Indigo LL Vat 
II, ” a leuco-solution for cotton dyeing. 

Literature. — Besides the references given in the 
text above, information is obtainable from the 
following sources : History of the Indigo Syn- 
thesis, A. von Baeyer, Ber. 1900, 33, Sonderhefb, 
LI ; H. El Eierz-David, “Kiinstliche Organische 
Farbstoffe,” Berlin, 1926, pp. 428 el seq. ; J. 
Martinet, “ Matidres Colorantes ; L’Indigo et ses 
Derives,” Paris, 1926 ; Beilstein, Handbuch der 
organischen Chemie, 4th ed., 1936, 24, 417. 

E H R 

INDIGOID DYESTUFFS. The indigoid 
dyestuffs comprise a large class of colouring 
matters which are closely related to indigotin in 
their chemical constitution and are dyed by 
similar methods, involving reduction to a soluble 
leuco-compound, application to the material 
to be dyed and subsequent re-oxidation thereon 
to the coloiuring matter. These dyestuffs have 
been discovered and developed almost entirely 
since 1900. Several factors contributed to their 
rapid development after this date. The first 
was the chemical loiowledge gained during the 
intensive study of indigo itself which culminated 
in its successful manufacture by the Badische 
Co. in 1897. When the problem of indigo was 
solved, the loiowledge acquired was turned to 
the production and study of numbers of its 
derivatives and congeners. A second factor was 
the improvement and simplification of the old, 
uncertain and difiicult indigo vat-dyeing process 
through the researches of the dyestuff manu- 
facturers, particularly the introduction of stable 


forms of the reducing agent, sodium hydrosul- 
phite (N 328204 ). The way was thus prepared 
for introducing new vat-dyes to the dyers. A 
third factor was the discovery by Priedlander in 
1905 of thioindigo, a red dyestuff, which, with 
its derivatives, immediately extended the range 
of shades obtainable with vat dyes. During the 
decade following this discovery there was intense 
activity in developing this field of dyestuffs, 
many new dyes being marketed by Kalle and 
Co. of Biebrich, who first manufactured “ Thio- 
indigo Red ” in 1906 ; by Meister, Lucius and 
Briining of Hochst; and by the Society of 
Chemical Industry of Basle. The manufacture 
of these dyestuffs is generally more difficult than 
that of indigo itself and they are not produced 
on so large a scale as indigo. Nevertheless their 
properties, their brilhance of shade and all-round 
fastness are so attractive that they can sell at a 
price which is about five or six times that of 
indigo. Although first introduced for dyeing 
wool, which they leave in a much softer con- 
dition after dyeing than do those d 3 ^es needing 
a chroming treatment to render them fast, they 
are now largely used also in calico printing, and 
provide a range of shades including brilliant 
oranges, scarlets and blues, besides browns and 
greys. 

A satisfactory definition of indigoid dyes is 
not easily given in a few words. In the broadest 
sense, the class includes all dyes of the general 
formula 


A— CO CO— A' 




B 



where the bonded pairs A and B and A' and B' 
respectively link the chromophore 

— OC— C=C— CO— 


to two, five or six membered, unsaturated cyclic 
systems. By reductio'n of the two keto groups 
the system assumes the form 


A— C-OH OH-C— A' 

\ V ^ 

c— c 

B B' 


representing the “ leuco-” compound, which 
is soluble in alkali and has dyeing properties. 
The molecule of the original dyestuff consists of 
two distinct cyclic systems, which may be alike 
or unlike, joined by the ethylenic double bond. 
Obviously the number of types of compound 
coming under the above definition is very large ; 
and when it is remembered that substituent 
groups of aU kinds can be introduced in every 
possible way it can bo seen that thousands of 
different dyestuffs are possible.. 

The 7th edition of Schultz’ Farbstofftabellen 
(1931) gives the constitution of 64 different 
commercial indigoid dyestuffs; there are in 
addition many of undisclosed constitution on-the 
market, and hundreds are described in the 
patent literature. 
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moletnilc joiiie<l hy (he ethyl«-ne lijiking nre 
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Xote that three structural isomers are possible 
rvhen the two components of the indigo molecule 
arc alike, and four when they arc unlike. Thus 
bis-indolcindigo has three isomers, indigotin 
(2:2'), indiruhin (2:3') and tsoindigo (3:3'). The 
2:2'-compounds are the deepest coloured and 
most important ; the 3:3'.compound8 are usually 
of little or no value as dyestuffs. 


_ Symmetrical Bis-indoleindigos.— Indigo- 

tin has been dealt with fully in the article 
Inoku), XATfp.Ar, and .SY.VTi’iKTic. IndiniUn 
js of no teehnieal importatice. Tlie halogcnated 
iniligotins, however, supply very valuable cora- 
merrifd dye-tuffs, e>.peeia’lly (hose containing 
bromine. 'I'ho purph* of the ancients, obtained 
from species of mol!u=e, Mvrrx brandoris and 
Mvr.'x IruncuUi.i, was shown hy Priedlandcr to 
bo (t:(5'-<Hbronioindigolin. It lias never been 
mrimifuelurod^ syntiieticnliy. JJromination in 
; tho^ (>:ti'.j)0“itions gives a product redder than 
indigotin, but halogenation in thc5- or7-posifions 
makes the ghade a slightly greener blue, and 
I brighter; bnlogeriation in the 4:4'-positions is 
isnhl to impart a much greener .shade. 

I The c'lmmercitd ludogenalod indigotin? arc 
mmmfrieturml by direct halogenation. “ Indigo 
Cib'i It ” i« a mirvture of mono- and di-bromo- 
indieotins (5- .and o.-.I'-), which may he obtained 
; hy the notion of bromine on dry indigo, or on a 
I pu'.pen'-ion of indigo in noetic acid, in sulphuric 
n<'id, etc. More hieldy hrominated products are 
I obtained hy hrominating in nitrobenzene solii- 
jtinn (a itroce-s di^r-overed hy Engi), or under 
‘Other conrlitions in wliich nater is e.vciudcd. 
j The nio*-! important of the products .«o obtained 
i*-- .’>:7:.">':7'-tetrahromoindigo(in, marketed as 
“ Ditrtndnnr Jihit -MiC" "(Imperial Chemical 
Industries), “ Citta Jihtt (Society of Cbenii- 
eal Industry, Ba-^le), “ Indigo MLBjAB," etc. 
The im|K>rtani e of the^c dyc.'luffslics in the much 
griator nllinity of the vat for all fibres than that 
of indigo it,‘-elf. 

IliL'her hrominated indigotin?, np to penta- 
and he.vabrorno-, e.an he ohtained hy the action 
of hrpniine on indigotin, or on lower hrominated 
indiuotin®, in eoneentrnted or in fuming sul- 
phurie acid. " Ciba Blue G ” is penfabrorao- 
indigotin. 

Halogens also Iiave the pou’cr of converting 
indigotin into dchydroindigotin b\' delydro- 
genation, and, .“inec deln'droindigotin is more 
readily linlogenatcd than indigotin itself, the 
proee.'H can be continued to give higbh' halo- 



genated products. Thus by the action of 
chlorine on indigo in acetic acid in presence of 
anhydrous sodium acetate at 30°, tctrachloro- 
dcbydroindigotui can be obtained. This with 
Fodium bisulphite gives a compound which is 
liydrol3*scd ly acid to tetrachloroindigotin and 
sodium liydrogen sulphate. 

Otlicr halogcnated indigotins on the market 
arc " Bn7/inn( Indigo BASFIB ” (5:7:5':7'-tetra- 
chloro-), BASFI2B (5;5'-dichloro-7;7'-dibromo-k 
BASFfG (4:o:4':5'-tetrachIoro-) and BASFj-iO 
(4:4'-dicMoro-5:5'-dibromoindigotin). 

The sole derivative of indiruhin Avhich has 
been riiarketed, as far as is knowm, is “ Ciba 
Heliotrope B ” (S.C.L), probably a tetrabromo- 
indirubin. 
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Two homologues of indigotin are kno^vn to 
have been marketed, the 7:7'- and 5:5'-dimethyl- 
indigotins, respectively “ Methylindigo B and 
R.” These may be obtained from o- and p- 
tolylglycine by the Heumann synthesis, or per- 
haps from the respective nitrotolualdehydes and 
acetohe by the Baeyer synthesis (v. Indigo, 
SvNa’HETic, this Vok, p. 443c). 

Mtro-derivatives of indigotin can be obtained 
by direct nitration if care be taken to exclude 
water; arid also by other synthetic methods, 
e.g. reduction of nitroisatin chloride with 
hydrogen iodide. By reduction in the vat they 
give leuco-derivatives of aminoindigotin, which 
can also be obtained by direct synthesis, e.g. 
from aminophenylglycine. Only one amino- 
derivative has been used technically, “ Ciha 
Broiun R,” which is 5:7:5':7'-tetrabromo-6:6'- 
diaminoindigotin. For recent work on the 
nitration of indigotin, see J. van Alphen, Rec. 
trav. chim. 1938, 57, 837. 

Many other substituted indigotins containing 
other groups such as hydroxyl, alkoxyl, carboxyl, 
cyano-, mercapto-, etc., have been described in 
the scientific and patent literature, but none of 
the bis-indoleindigos of this kind are of technical 
interest. Four symmetrical indigos derived 
from naphthalene are possible and all are known. 
One of them, bis-)3-naphtliindole-indigo is of 
some importance, since when brominated it 
gives a very bright green vat d 3 'e, used in print- 


-CO 

/ 

c=c 

\ 

( 

ing and marketed as “ Giba Green G ” and 
“ Helindone Green G.” 

Asymmetrical Bis-indoleindigos. — Substi- 
tuted indigotins in which the two sides of the 
molecule are different are obtained by condensing 
an indoxyl with an isatin-2-chloride or isatin- 
2-anil. The isatins themselves condense with 
indoxyls to give dyes of the indirubin type, 
since the 3-keto-group of the isatin alone is 
active. If isatin-2-anil (or isatin chloride) is 
used, however, condensation gives an indigotin 
derivative. Isatin-2-anil is obtained by the 
method of Sandmeyer described under Indigo, 
Synthetic (this Vok, p. 4466). Another general 
method for producing isatins, also due to Sand- 
meyer (Helv. Chim. Acta. 1919, 2, 234) is as 
follows. An aromatic amine, such as aniline, is 
boiled with a solution of hydroxylamine sulphate 
and chloral h 5 ’’drate ivhereby oximinoacetanilide 
(I) is formed, which when merely dissolved in 
concentrated sulphuric acid is converted into 
isatin-3-imide (II) and this jdelds isatin on heat- 

NH 

\ 

CO 

/ 

C:NH 





ing and diluting the solution. In this way 
Sandmeyer prepared many, substituted isatins 
from the corresponding substituted anilines. 

Thioindigo and Derivatives. — The dis- 
covery that a coloured compound of similar 
structure to indigotin could be obtained in 
which sulphur atoms were substituted for the 
imino-groups of the latter, was made by P. 
Friedlander (Ber. 1906, 39, 1060). The resulting 
dyestuff is bright red, is readily vatted, and in 
the form of its leuco-compound has good 
affinity for textile fibres. 

The methods of synthesis of thioindigo and its 
congeners are closely parallel to some of those 
employed for indigotin. The following is a brief 
description of a few of these methods. 

PhenylthioglycoUic acid itself (I) can be 
cychsed to thioindoxyl (3-hydroxythionaphthen 




SCHa-COgH 


I. 


S-CHa-COaH 

II. 


C-OH 



III. 


(Ill)), but in practice, o-carboxyphenylthio- 
glycollic acid (11) is used. Anthranilic acid is 
converted through its diazo-compound by the 
standard method into thiosalicylic acid, this 
is condensed with chloroacetic acid to give (II), 
which is known technically as 0 Acid. The 
cyclisation proceeds more readily with these 
compounds than with the phenylglycines, and 
(11) is readily converted into thioindoxyl by 
bailing with caustic soda in a vacuum at about 
205°. Thioindoxyl is more stable than indoxyl, 
and although it can be oxidised to thioindigo by 
means of air, in practice a more rapid oxidation 
process is employed. Technicall}’’, the oxidation 
is accomplished by boiling a caustic soda solution 
of thioindoxyl with sulphur, or even by the 
action of molten sulphur on the thioindoxyl. 

Thioindoxyl is a crystalline substance, m.p. 
71°, very similar in odour and general properties 
to a-naphthol. 

The o-aminothiophenols achieved importance 
as starting materials for the manufacture of 
thioindigoid dyes ; a new and convenient method 
of preparing them was discovered by B. Herz, 
of L. CasseUa & Co., in 1914. The method con- 
sists in a reaction between an aromatic amine 
and sulphur chloride, SjCIgj a compound of 
the type 

N 

/"V 

CcH4 SCI 

\ 


s 


is formed, which can be decomposed by alkali 
to give the o-aminothiophenol. If the ^-posj- 
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tion of tlio amine is free, chlorine substitution 
occurs in this position during the reaction M*ith 
sulphur chloride. The o-aminothiophenol is 
condensed -with chloroacetic acid to form the 
o-aminophcnj’Ithioglycollic acid, which is con- 
verted by the diazo reaction into o-cyanophetiyl- 
thioglycollic acid, whence the o-carboxy- 
compound can be obtained. The route to the 
thioindigo is then as before. This method can 
bo employed for obtaining a beautiful pink dye- 
stuff from o-toluidine, and an orange from 
7 ?-phenetidine (see B.P. 17417, 18292/1914; 
G.P. .8G0G90, .307344, 3G73‘15, 3708.5<4). 

o-Aininotliiophenols can also be obtained by 
a method discovered by A. W. Hofmann (Bcr. 
1887, 20, 1790), by fusing 2-mercaptobenz- 
tliiazoles with caustic alliali. This process has 
been applied b}*^ L)u Pont de Nemours & Co. of 
Ajncrica for preparing the orange Ihioindigoid 
d 5 'e from p-phenelidinc. The base is converted 
into G-ethoxy-2-mcrcaptobcnzthiazolc by heat- 
ing vith carbon disulphide and sulphur in an 
autoclave at 200°, and the mcrcapto-componnd 
on fusion with caustic soda at 180-185° is con- 
verted into 2-nmino-5-cthoxythiophcnol (B.P. 



4238G9). The route to the tliioindigoid dye is 
then as described above. 

Two other methods of obtaining symmetrical 
tliioindigoid dj^es raaj’^ be mentioned. When a 
salt of thiosalicylic acid reacts with s-dichloro- 
ethj'Jcne in presence of alkali, acetylene-bis- 
thiosalicylic acid is formed, 

^COoH COjHv^ 

CcH4 

\SCH:CHS-^ 
Acctylenc-bis-thiosalicylic acid. 

This is converted into thioindigo by treat- 
ment with a condensing agent such as sulphuric 
or chlorosulphonic acid (E. Munch, Z. angew. 
Chem. 1908, 21, 2059 ; G.P. 20.5324). 

K. Dziewohski et al. (Bull. Acad. Polonaise, 
1930, A, 198) discovered that a- and )3-naphthyl 
methyl ketone can be converted into 1:2- 
naphththioindigotin (I) and the 2:1 -isomer (II) 
respectivel 3 '’ bj’’. heating with sulphur at 230- 
260°: 



J, 



Tile brown dyestuff (I) can also be prepared by 
cyclising /S-naphthydthioglycollic aeid, and is of 
commercial importance. Acetophenone does 
not give Thioindigo Bed in appreciable amount 
by this process {see T. W. Jeziersld, Rocz. 
Chem. 1934, 14, 21 G). 

Properties of Thioindigo. — Pure thioindigo 
is a solid substance which crystallises from 
organic solvents in reddish-brown ciystals 
having a metallic lustre. It subhmes without 
melting when heated. Its solutions in chloro- 
form, carbon disulphide and toluene show a 
magnificent reddish -yellow fluorescence but in 
alcoholic solutions only at the temperature of 
liquid air. It dissolves with a bluish-green colour 
in concentrated sulphuric acid vdth formation of a 
sidphate, and is sulphonated by fumingsulphuric 
acid at 30-40°. Manj'^ methyl-substituted thio- 
indigos are known, including 4:5:7:4':5':7'- and 
4:C:7:4':G':7'-hcxamethyl derivatives, 

Thioindigo is more readily reduced to the 
Icuco-compound than indigo, and, unlike the 
latter, is reduced by’’ sodium sulphide and even 
by sulphur dioxide. The leuco-compound is 
less readily oxidised and, therefore, more stable 
in air than Icucoindigo. It can be isolated as 
pale yellow crj'stals, sparingly’ soluble in water ; 
or as the sodium or magnesium salt. Thioindigo 
is also more stable to both oxidising agents and 
concentrated alkalis than indigo. 

The effect on shade of substitution in the 
thioindigo molecule is similar to that in indigotin. 
Methyd, halogen or alkoxyd in the 5- and 7- 
positions have a bathochromic effect, changing 
the shade from red towards violet ; in the 6- 
positions the effeet is hypsochromic, giving pink 
to orange shades. Thioindigos cover a greater 
range of shades than indigos. Thioindigos 
derived from naphthalene are of many possible 
types; they may be symmetrical or asym- 
metrical. It is interesting that dyes of the linear 
type (I) are bluish-green in colour, whilst those 
of angular type, such as (II), are brown. Com- 
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pounds of the hybrid type, half of (I) and half 
of (II), are dark blue. Similarly, the linear sym- 
metrical dye from anthracene is green, the 
angular dyes brown. The linear dye from 
anthraquinone is said to be grey-blue, the 
angular brownish-grey. 

The following are some of the commercial sym- 
metrically substituted thioindigoid dyes : “ Oiba 
Bordeaux ” (5:5'-dibromo-) ; “ Ciba Red B ” 

(6:6'-dichloro-) ; “ Durindone Pink FF " (C;6'-di- 
■ chloro-4:4'-dimethyl-) ; “ Durindone Orange R ” 
(GiG'-diethoxy-) ; “ Helindone Red 3B ” (5:5'- 
dichloro-7:7'-dimethyl-) ; “ Helindone Fast Scar- 
let R ” (5:5'-dibromo-G:6'-dicthoxy-) ; “ In- 

danthrene Grey QB ” (7:7'-diamino-) ; “ Helin- 
done Grey BB ” (5;5'-dichloro-7:7'-diamino-) ; 
“ Helindone Orange D ” (5:5'-dibromo-6:6'- 

diamino-2:2'-bisthionaphthenindigo). 

The Ciba dj^es are manufactured by the 
Society of Chemical Industry, in Basle ; Durin- 
done dyes by Imperial Chemical Industries 
Limited ; and Hehndone and Indanthrene Dyes 
by I.G. Farbenindustrie A.-G. The last firm 
reserves the name “ Indanthrene ” for dyes of 
the highest fastness, and several indigoid dyes 
come into tliis categorj''. Most of the dyes 
quoted are made by more than one firm, al- 
though only one name is given here. 

Thionaphthenquinones (Thioisatins). — 
Corresponding with isatins in the indole series 
are the thionaphthenquinones or thioisatins in 
the thionaphthen series. Tliionaphthenquinone 
(II) can be obtained by brominating thioindoxyl 
to the 2:2-dibromothioindoxyl (I) and hydrolys- 
ing. It forms intense yellow prisms, m.p. 121°. 


CO CO 



I. 11. 


With aniline the dibromo- (or dichloro-) com- 
pound gives the 2-aniI of the quinone. 

MTren thioisatin condenses with, for example, 
a thioindoxyl, it rca,cts in the 3-position, just as 
isatin does, giving a dyestuff of indirubin type. 
Thus Friedlander (Monatsh. 1908, 29, 373) con- 
densed thioisatin with thioindoxyl to form 
“ thioindirubin,” 


CO 



When, however, a 2-anil or 2-chloride ol thio- 
isatin is used for condensation, a dye of true 
indigoid type is obtained. There are uncon- 
firmed statements in patents, however, that 
thioisatin itself null cond6nse in the 2-position, 
e'.g. with acenaphthenone (see G.P. 226244, 
Society of Chemical Industry in Basle), or with 
oxindole (G.P. 241327,' KaUe & Co.), and the 
matter is, therefore, in an undecided state. 


Anils of the thionaphthenquinones can also be 
obtained by the action of aromatic nitroso-com- 
pounds on thioindoxyl. .From ^-nitrosodi- 
methylaniline and thioindoxyl, the ^-dimethyl- 
aminoanil (below) is readily obtained, and fre- 
quently figures in the patent liter.ature as an 


CO 



s 


intermediate for the preparation of indigoid 
dyes of many Idnds {see B.P. 17498/1908, 
B.A.S.F. ; also Pummerer, Ber. 1910, 43, 1370). 

Thioisatins, especially naphththioisatins, are 
also obtained by condensing a thionaphthol with 
oxalyl chloride (B.P. 214864, Society of Chemi- 
cal Industry in Basle), thus : 



)- I I j CO -}-2HCl 

There do not appear to be any commercial 
examples of asymmetric thioindigoid dyes, al- 
though during the last 20 years a great many 
have been patented by German and Swiss firms. 

Selenolndigos. — Dyestuffs similar to the 
thioindigoid dyes and the thiophenindolc- 
indigos are kno^vn in which selenium is present 
in place of sulphur. Phenylselenoglycollic-o- 
carboxylic acid is cyclised by acetic anhydride 
(not by caustic alkali) to 3-hydroxyseleno- 
naphthen, m.p. 76-77°, which is stable in air. 
In alkaline solution it reddens in air and is 
readily oxidised by potassium ferricyanide to 
selenoindigo. This is reddish-violet in colour, 
sublimes without decomposition at 270° giving 
a violet vapour, and can be vatted and dyed 
like thioindigo. Asymmetric indigoid dyes can 
be prepared from 3-hydroxyselenonaphthen, or 
from selenonaphthenquinone (a stable, red com- 
pound, m.p. 102-103°). - 

Indigoid Dyes of Mixed Types. — Just as 
isatinaniUde udll react wth an indoxyl to give 
na indigoid dye, so it will react with a thio- 
indoxyl to give a mixed indolethionaphthen- 
iudigo, and conversely a thioisatinanihde will 
react noth an indoxyl. More generally, the 2- 
chlorides and 2-anilides of both isatin and thio- 
isatin will react with compounds containing 
reactive methylene groups, and by this reaction 
many new indigoid dyes are obtained. Such 
dyes can also be obtained by the interaction of 
cyclic l:2-diketones with indoxjds and thio- 
indoxyls. 

2-Indole-2'-thionaphthenindigo is a violet dye 
of no interest because of its lack of fastness, but 
its 5;5.'-dibromo-derivative is “ Ciba Violet SB," 
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and a tribromo-derivative is “ Ciha Violet B.” 
It should be noted that the shade is intermediate 


CO CO 



Ciba Violet B. 


NH 


CO 
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I. 


between those of indigotin and thioindigotin. 

By condensing thioindoxyl with isatin a 
scarlet dyestuff (I), an analogue of indirubin, is 
obtained. 

One of the most important dyes of this mixed 
series is obtained by condensing thioindoxyl 
with acenaphthenequinone, it has the formula 



S 


and is marketed as “ Ciba Scarlet O ” and 
“ Durindone Scarlet B.” A dibromo-derivative 
is “ Ciba Scarlet J?.” 

Another type of indigoid dye is obtained by 
condensing isatin-2-chloride or -2-anihde with 
a-naphthol or a-anthrol. P. Priedlander first 
discovered that iudigoid dyestuffs could be 
obtained in this -way (Ber. 1908, 41, 772). 
With a-naphthol two products are obtained in 
about equal amounts, (I) and (II), but only (I) 
has the true indigoid structure. Dyes of tjqie 
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(II) are designated indolignon^, this example 
being named 2-indole-l'-naphtnalene-indolig- 
none; P. Bayer & Co. condensed womoisatin- 
a-chloride, and also brominated /S-naphthisatins, 


with a-naphthol and a-hydroxyanthracene in 
this way (G.P. 237199), and Meister, Lucius uud 
Briining, using a-hydroxyoxanthrone instead of 
a-hydroxj^anthracene, obtained a dyestuff of 
presumably the following structure : 



“ Helindone Blue ZGN ” is said to be a dye of 
this formula, whilst the above Bayer patent is 
said to cover “ Alizarin Indigo ZR ” and “ G.” 

Mention may also be made of one or two dyes 
which fall into the indigoid class although con- 
taining neither an indole nor a thionaphthen 
residue. By oxidation of 4-methoxy-a-naphthol 
by ferric chloride, P, Russig (J. pr. Chem. 1900, 
[ii], 62, 53) obtained a blue dyestuff, having the 
formula (I), which can be dyed like indigo from a 
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vat. The I.G. Parhenind. A.-G. have patented 
a process of dyeing fur in fast blue shades by 
oxidising 4-methoxy-o-naphthol on the fur to 
this dyestuff (B.P. 407066). Another dye of 
indigoid type, Pyrazole Blue (II) was discovered 
by Knorr (Annalen, 1887, 238, 171) who showed 
its similarity to indigo. _ , 

Scission of Indigoid Dyes. — Many indigoid 
dyes can be split by heating with alkali into two 
components the identification of which estab- 
lishes the constitution of the dye. 

The bis-indoleindigos give by this treatment 
1 mol. of a 3-hydroxyindole-2-aldehyde and 
1 mol. of an anthranilic acid derivative. A thio- 
naphthen-indoleindigo gives the 3 -hydroxy thio- 
naphthen-2-aldehyde and anthranilic acid thus : 
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2-Naplithalene-2'-indolemdigo gives 1-naphthol- 
2-aldehyde. Thioindigo is more resistant than 
indigo to alkali fusion. With alcoholic caustic 
potash it breaks up giving thioindoxyl, thio- 
naphthenquinone and the thioindogenide of 3- 
hydroxythionaphthen-2-aldehyde. Some of the 
substituted thioindigos cannot be split in this 
way, the reaction being far from general. 

Solubilised Indigoid Dyes — Indigosols. — 
Indigoid dyes can be converted into sulphate 
esters of their leuco-compounds by the processes 
devised by Bader and Sunder and by Scottish 
Dyes, Ltd., respectively, in the same way as 
indigotin itself (see ' Indigosols under Indigo, 
Synthetic, this Vol., p. 449c). Different dyes 
give esters of different stability, but many are 
stable enough to be used commercially, and they 
are sold under the generic names of “ Indigosols ” 
(I.O.) and “ Soledons ” (I.O.I.) both of which 
ranges include solubilised indigoid and anthra- 
quinone vat dyes. For the description of these 
dyes and their application, see F. Peterhauser 
(J. Soc. Dyers and Col. 1927, 43, 251), M. Bader 
(Chem.-Ztg. 1937, 61, 741, 763) and W. Christ 
(J. Soc. Dyers and Col. 1938, 54, 93). The use 
of these solubilised forms of vat dyes is con- 
tinually extending. Whittaker and Wilcock, 
(“ Dyeing with Coal Tar Dyes,” 3rd ed., London, 
1939, p. 172) state that it is their practice to 
make ever-increasing use of the Soledons and 
Indigosols in dyeing both viscose and cotton in 
the skein form on the roller type of skein-dyeing 
machine. Christ gives a list of 28 Indigosol 
dyes of which 21 appear to be indigoids, the 
remainder being solubilised 4inthraquinone vat 
dyes. The Indigosols from indigoid dyes are 
colourless or only faintly coloured, whilst those 
from anthraquinone vat-dyes are deeply coloured. 

Bibliography. — J. Martinet, “ Matieres Colo- 
rantes. Les Indigoides,” Paris, J.-B. BaiUifere 
et Fils, 1934. H. E. Fierz-David, “ Kunstliche 
organische Farbstoffe,” Berlin, 1926. Colour 
Index, edited by F. M. Rowe, 1924. Reports of 
Applied Chemistry, published by the Society of 
Chemical Industry, articles on Intermediates and 
Colouring Matters. For German patents. Fried- 
lander, “ Fortschritte der Teerfarbenfabrikation, 
1877-1936,” Theil. 1-22. 

E. H. R. 

INDIUM. At. no. 49; At. wt. 114-76. 
Indium belongs to the aluminium group of the 
elements and was discovered by Reich and 
Richter in 1863 during the spectroscopic examina- 
tion of some crude zinc chloride from a Freiberg 
zinc blende (J. pr. Chem. 1863, [i], 89, 441 ; 
90, 172 ; 1864, [i], 92, 480). The name indium 
was chosen because of the prominence of the two 
indigo-blue lines in its spectrum. Although 
occurring only in small quantities it is, like many 
rare metals, mdely distributed in nature and is 
found in numerous zinc blendes, pegmatites, 
siderites and in some tungsten, manganese and 
tin ores (Hartley and Ramage, J.C.S. 1897, 71, 
633; Brewer and Baker, J.C.S. 1936, 1286; 
Romeyn, J. Amer. Chem. Soc. 1933, 55, 3899). 

Extraction of indium is inevitably a tedious 
process which at some stage or other includes 
repeated or fractional electrolytic deposition of 
the metal. Separations from other metals are 
also based op ; (a) the solubility of ipdjum sul- 


phide in ■2-3 n, hydrochloric or sulphuric acid 
and its insolubility in 0-5-0-8N. acid ; (b) preci- 
pitation of indium sponge by means of zinc; 

(c) the insolubility of basic indium sulphite; 

(d) precipitation from alcohol of the complex 

between anhydrous indium chloride and pyri- 
dine ; (e) sublimation of indium tribromide ; 

(/) precipitation of indium hydroxide mth 
ammonia in the presence of ammonium salts. 
The most difficult impurity to remove is iron, 
although small amounts of it may be separated 
by extracting as ferric thiocyanate with ether 
(Reich and Richter, l.c. ; Laivrence and West- 
brook, Ind. Eng. Chem. 1938, 30, 611 ; Thiel, 
Z. anorg. Chem. 1904, 39, 119; 40, 290; Bayer, 
Annalen, 1871, 158, 372; Mathers, J. Amer. 
Chem. Soc. 1907, 29, 485; Dennis and Geer, 
ibid. 1904, 26, 437 ; U.S.P. 1865455, 1886825, 
2052387). 

Physical Properties. — ^Indium is a silvery- 
white, readily malleable metal, ductile and 
softer than lead. It can he obtained crystalline, 
the X-radiogram indicating a face-centred 
tetragonal structure with 4 atoms per unit 
cell whose dimensions are ao=4-583 (4-588 )a., 
Co=4-936 (4-946)a., o:c=1:1-077 (1-078) (Zintl 
and Neumayr, Z. Elektrochem. 1933, 39, 81; 
Dwyer and Mellor, J. Proc. Roy. Soc. New South 
Wales, 1932, 66, 234 ; Frevel and Ott, J. Amer. 
Chem. Soc. 1935, 57, 228) ; the atomic radius is 
1-569a. (Goldschmidt, Z. physikal Chem. 1928, 
133, 408), and the calculated density 7-308 
(Z. and N.). 

Two isotopes are kno^vn with masses 113 and 
115, the relative abundances being 4-6 and 95-5%, 
For radioactive isotopes, see Lawson and Cork 
(Physical Rev. 1937, [ii], 52, 631). 

Indium has a comparatively low m.p. (155®c.) 
and high b.p. (1450°c.) ; d^° is 7-31. Polished 
surfaces of the metal possess a high reflecting 
power making it suitable 'for mirrors and 
reflectors. 

Other physical properties are ; 

Compressibih’ty (megabar-^ X 10®)=2-55 between 
100 and 500 megabars pressure. 

Hardness=l-0 BrineU. Tensile strength (99-71% 
metal)=15,980 lb. per sq. in. 

Average specific heat between 0° and 154° is given 
by cp=0-0569-f-0-000013(i-18) g.-cal. per g. 
Specific resistance (ohm-cm. x 10®)=9 at 20° and 
29 at 165°. The mean temperature coefficient 
between 0° and 100° is 490-4 x 10“®. Indium 
becomes superconducting at low temperatures. 

Spectra. — ^Indium compounds colour the Bun- 
sen flame a bluish-red while the flame, arc and 
spark spectra show two brilliant indigo-blue 
Imes of wave-lengths 4101-8 -and 4511-3A. 
respectively. Other prominent lines in the arc 
spectrum are 2710-25, 3039-36 and 3256-06A. 
Lines due to singly and doubly ionised indium 
have also been mapped (Paschen, Ann. Physik, 
1938, [v], 32, 148). 

For the X-ray spectrum, see Blake and Duane 
(Physical Rev. 1917, [ii], 10, 697), Valasek 
(ibid. 1929, [ii], 34, 1231) and Siegbahn (Jahrb. 
Radioaktiv. 1916, 13, 296). 

Chemical Properties. — ^Indium reacts as a tri-, 
di- and mono-valent element, this being also the, 
order of stability of its compounds so that only 
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those of the trivalent series are stable in aqueous 
solution. The metal is unaffected by air at 
ordinary temperatures and is not attacked by 
boiling water or alkalis. Heated to redness in 
air or oxygen it bums with a blue flame producing 
the trioxide ; sulphur, selenium and tellurium 
also combine with the heated metal, incan- 
descence occurring in each case (Thiel and 
KoelschjZ.anorg. Chem. 1910, 66, 315). Halogens 
react readily on warming. Indium is slowly 
soluble in cold and more readily so in hot dilute 
mineral acids ; the attack of concentrated acids 
is more vigorous. 

Alloys. 

Numerous alloys containing indium have been 
produced lo^rgely with the desire to secure dental 
alloys, to impart corrosion-resistance to metals 
like silver and copper or to obtain fusible alloys. 
Indium amalgamates with mercury, and dental 
amalgam bases containing up to 50% indium 
have been patented (U.S.P. 1959668). 

The silver-indium system has been closely 
studied, but the hope that such alloys might 
possess tarnish-resistance has not been fulfilled. 
Over 40% of indium is necessary to provide a 
completelj’^ tamish-proof product and such alloys 
are too hard and brittle to be of practical im- 
portance. Better results are claimed by plating 
the metal on to silver, but difficulties have been 
experienced through dull coatings and inability 
to secure a good polish. The addition of small 
amounts of indium to the precious metals 
improves their colour, hardness and strength. 
Some of the many alloys which have been made 
with copper possess precipitation- and heat- 
hardening properties (Weibke et al., Z. anorg. 
Chem. 1934, 220, 273 ; 1937, 231, 197). 

Indium has been recommended as a con- 
stituent of bearing-metals, in order to increase 
the resistance to attack by organic acids derived 
from vegetable lubricating oils (B.P. 283862). 
Low-melting alloys are obtained by adding 
indium to Wood’s metal, the reduction in the 
melting-point of the latter being proportional 
to the concentration of the rare metal, reaching a 
maximum with 18% indium, this alloy melting 
at 46-9°c. _ ’ 

Alloys have also been produced with mag- 
nesium, zinc, cadmium, gallium and lead as well 
as -with the alkali metals. 

Salts. 

Indium Trifluoride, InFg. — Obtained as a 
white powder by heating ammonium indifluoride, 
(NH4)3inF6, or indium sesquioxide in a stream 
of fluorine; it melts at 1170° and has d4''4*39. 
It is verj’’ sparingly soluble in hot and cold 
water, yielding a slightly acid solution ; in dilute 
acids it dissolves readily (Hannebohn and Klemm, 
Z. anorg. Chem. 1936, 229, 337). 

Evaporation of a solution of the sesquioxide 
in hydrofluoric acid apparently gives either a 
tri- or ennea-hydrated fluoride according, pre- 
sumably, to the temperature of c^stallisa- 
tion. The trihydrate when treated with liquid 
ammonia yields the triammine InFg.SNHg 
(Thiel, Z. anorg. Chem. 1904, 40, 280 ; Klemm 
and Kilian, ibid. 1939, 241, 93; Chabrie and 
Bouchonnet, Compt. rend. 1905, 140, 90). 


Indium Chlorides.-The anhydrous tri- 
chloride InCIg may be formed by the usual 
metho'ds, purification being by distillation in a 
current of carbon dioxide. So obtained it 
appears as white, deliquescent, lustrous plates, 
3-46, m.p. 586°. It volatilises readily above 
600°, but at about 1100° dissociation to a lower 
chloride becomes evident. The chloride is 
sUghtly hydrolysed in aqueous solution, crystal- 
lisation from solution being difficult; evapora- 
tion of the solution at elevated temperatures is 
said to yield an insoluble oxychloride. Indium 
oxychloride, I n O C I, has been made by Thiel as a 
sparingly soluble white powder by passing a 
mixture of oxygen and chlorine over the di- 
chloride. 

Indium trichloride readily forms double com- 
pounds "with alkali chlorides of the types 
Kl\nC\,], Rb2[lnCl5,H20]; the caesium com- 
pound, Cs3[lnClg], which readily separates as 
octahedra, has been recommended for use in a 
microchemical test for indium. 

Ammoniates containing 7, 5, 3, 2 and 1 mole- 
cule of ammonia per molecule of the trichloride 
are knoAvn, while with pyridine in alcohohc 
solution there is produced a white crystalline 
precipitate of the complex InCl3,3C5H5N. 
Double salts have been obtained with many 
other organic bases (Ekeley and Potratz, J. 
Amer. Chem. Soc. 1936, 58, 907). 

Indium Dichloride is formed as a yellow 
liquid, soUdifying to white crystals on cooling, 
by heating indium, indium trichloride or 
indium sesquioxide in a current of dry hydrogen 
and hyffirogen chloride: m.p. 235°, b.p. -^570°, 
d^ 3-64. It is probably associated in the solid 
state, but between 500° and 700° it exists as 
undissociated simple molecules. In contact mth 
water it decomposes into indium and indium 
trichloride. Aiken et al. (Trans. Earaday Soc. 
1936, 32, 1617) state that the action is one of 
disproportionation into lnCI-|-lnCl3 followed 
by the reaction InCI In-f lnCl3. These 
authors regard the dichloride as being derived 
from the hypothetical “ indichloric acid 
HlnCl4, the decomposition in water being 
represented thus : 


I n+ [ I n C 1 4]- == I n+-l- i n+++-b 4C I - 

Beduction of the dichloride or trichloride by 
eating with the metal leads to the formatiOT 
f indium monochloride, InCI, which is a dark- 
?d solid, d 4® 4-18, melting to a blood-red liqm’d. 
ls indicated above it is decomposed by water, 
ielding indium and indium trichloride (de Bois- 
audran, Compt. rend. 1885, 100, 701 ; Thie , 
c. ; Ber. 1904, 37, 175 ; Nilson and Pettersson, 
physikal. Chem. 1888, 2, 657; lUemm and 
o-workers, Z. anorg. Chem. 1927, 163, 225, 23 , 
40 ; 1934, 219, 42 ; Robert and Wehrli, Helv. 
’hys. Acta, 1935, 8, 322). 

Indium Bromides. — The three bromides cor- 
jsponding to the above chlorides have been 
repared and resemble them in properties. lae 
)wer bromides are less easily decomposed ny 
ater, so that although the dibromide is readiiy 
Dnverted into' the tri- and mono-salts heating 
necessary to change the latter into the metai 
ad tribroraide, Double compounds are formed 
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between the tribromide and alkali or ammonium 
bromides, while ammoniates containing 15, 7, 5 
and 3 molecules of ammonia are known. 

Indium lodid.es. — ^Indium di-iodide has not 
definitely been isolated, but the tri- and mono- 
valent derivatives have been made. The mono- 
iodide is stable to hot water but dissolves in 
dilute acids with evolution of hydrogen (Thiel, 
l.c. ; Z. anorg. Chem. 1910, 66, 288 ; Klemm 
et al., I.C.). 

Indium Sesquioxide, IngOg. — ^Ignition of 
the hydroxide, carbonate, nitrate or sulphite at 
comparatively low temperatures yields a pale 
yellow amorphous oxide which, according to 
Renz (Ber. 1903, 36, 1847), is converted into 
yeUow, trigonal crystals, isomorphous with those 
of ferric oxide, on heating at high temperatures 
in air. The two modifications differ considerably 
in their solubility in dilute acids, the crystalline 
form being so resistant that it can be separated 
from the amorphous variety by boiling with 
dilute sulphuric acid. Heated above 860° and 
without free access of air the sesquioxide begins 
to decompose slowly and then appears white, 
owing to a thin superficial film of the lower oxide 
IngO. According to Thiel and Luckmann (Z. 
anorg. Chem. 1928, 172, 353) the purest form of 
oxide is obtained by heating the hydroxide at 
850° to constant weight and then heating in air 
at 1000° for half an hour. So prepaj-ed, its 
density is said to be 6-75±0-01, but Klemm and 
Von Vogel {ibid. 1934, 219, 45) give it as 7-04 
while other values up to 7T8 have also been 
reported. 

Indium Hydroxide, ln(OH)3. — ^White, col- 
loidal precipitate produced when solutions of 
indium salts are treated in the cold with aqueous 
ammonia, alkalis or hydroxylamine ; heating 
the mixture or precipitating from hot solutions 
yields a dense, granular precipitate. The freshly 
deposited amorphous form is slightly soluble in 
excess of ammonia and readily so in excess of 
alkali hydroxide ; reprecipitation occurs on 
boiling or adding ammonium salts. Both the 
coUoidal and granular forms show the same 
A-ray diffraction pattern and are the hydrous 
trihydrate or hydroxide (Weiser and Milligan, 
J. Physical Chem. 1936, 40, 1 ; J. Amer. Chem. 
Soc. 1937, 59, 1670). 

In addition to its basic properties, indium 
hydroxide also possesses weakly acid functions ; 
the product obtained by careful drying at about 
160°, which has the composition I nO (O H), may 
be regarded as metaindic acid, HlnOg. A 
magnesium metaindate, Mg(ln02)2,3H20, was 
obtained by Renz (Ber. 1901, 34, 2763) by 
boiling a solution of indium and magnesium 
chlorides; the white powder so produced- is 
insoluble in water but dissolves in -dilute acids. 

Lower Oxides of Indium. — ^Winkler stated 
that on heating the sesquioxide in hydrogen at 
300° a black oxide, 10304, was formed, while 
the preparation of intermediate oxides, I n-Og, 
10405, etc., was also claimed. Thiel and Luck- 
mann {l.c.) found, however, that there was no 
interaction at 300°, but that at 500° a bluish- 
black material was formed consisting of crude 
lOjO. This substance could be purified by 
subliming in a high vacuum at a temperature 
of 050-700°, nn.d in tb.ip transparent films had a 


yellow colour although thicker layers formed a 
black, brittle and fairly hard mass of density 
6-34 (Thiel and Luckmaim) or 6-99 (Klemm and 
Von Vogel). This oxide is stable to cold water 
but dissolves in hydrochloric acid with evolution 
of hydrogen. Heated in air it glows suddenly 
and is converted into IPgOg; it does not melt 
below 1000°. 

The residue left after subliming the IrigO is a 
dirty-white powder the composition of which 
agrees with the formula InO, but it has not 
been obtained sufficiently pure for its identity as 
an oxide of bivalent indium to be established. 

Indium Sesquisulphide, lUgSg. — Prepared 
by heating the metal with excess sxdphur, by 
passing hydrogen sulphide over the heated 
oxide or by precipitation with alkali or hydrogen 
sulphide from neutral or faintly acid solutions 
of indium salts ; in the last method it is neces- 
sary to remove excess of sulphur by heating the 
product in an indifierent gas. According to the 
method of preparation it is yellow to brown in 
colour. It is appreciably volatile at 850°, but 
some decomposition takes place as the sublimate 
contains free sulphur and a brownish-black 
substance, presumably lUgS. 'Heated in a 
sealed tube the sesquisulphide melts at 1050°, 
the melt sohdifying on coohng to a black mass, 
density 4-89, which is red when finely divided. 
The sulphide dissolves in concentrated acids 
and is converted to the oxide on roasting in air. 
Double salts, KInSj and NalnSg.HgO, have 
been made. 

Lower Sulphides of Indium. — lOgS is 
formed by subliming in vacuo the crude slate- 
grey material obtained by heating indium with 
a slight excess of the theoretical amount of 
sulphur at 450° in carbon dioxide. It is yellow 
in thin layers but thicker films are black with a 
metallic lustre ; m.p. 653°, d 4® 5-951 (5-87). 

Sublimation in vacuo at 850° of the product 
made by heating molecular proportions of 
indium and sulphur yields only lOjS and S. 
The slate-grey colour of the crude material 
differs from that of the reddish-brown, soft mass 
formed by passing hydrogen sulphide over the 
heated metal and which Thiel and Koelsch (Z. 
anorg. Chem. 1910, 66, 314) stated was InS. 
Klemm and Von Vogel {l.c.) give 5-18 as the 
density of this sulphide (Meyer, Annalen, 1869, 
150, 137 ; Thiel, l.c. ; Thiel and Luckmann, l.c.). 

Indium Sulphite. — ^A basic sulphite, 

In2(S03)3, IPoOgiSHgO, 
is obtained as a crystalline powder on boiling a 
solution of an indium salt wth sodium bisulphite. 

Indium Sulphate, ln 2 (S 04 ) 3 . — Concentra- 
tion of a solution of the metal or hydroxide in a 
large excess of sulphuric acid yields diamond- 
shaped crystals of an acid indium sulphate, 
In2(S04)3,H2S04,7H20. The salt is stable 
under ordinary conditions but evolves sulphuric 
acid above 250° leaving a residue of the an- 
hydrous normal sulphate. Slow evaporation of 
an aqueous solution of this residue leads to the 
separation of small prismatic crystals of 
ln2(S04)3,9Hg0. Addition of alcohol to the 
aqueous solution precipitates a basic salt, 
IttgO (804)2, 6H2O (Seward, J. Amer. Chpm. 
Soc, 1933, 55, 2740). 
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A number of double sulphates have been 
prepared, including the ammonium, rubidium 
and casimn alums, M2S04,ln2(S04)3,24H20 
(M = NH4, Rb or Cs). These crystallise in the 
usual regular octahedra and hare Iott melting- 
points, that of the rubidium salt being 42° and 
of the ammonium alum 36° (37-38°). Solutions 
of the alums react acid and deposit basic sul- 
phates or indium hydroxide on heating. 

The sodium and potassium alums have not 
been made, but double sulphates of the type 
Na2S04, iHg (804)3,81420 are known, as are 
also the corresponding thallous and ammonium 
compounds. The ammonium double salt is the 
stable modification above the melting-point of 
the ammonium indium alum in the system 
(NH4)2^04~^*^2(®04)3-H20. The melting- 
point of the alum is also the transition point. 
Double salts with certain oiganic bases have 
been made (Eeich and Eichter, l.c.; Mej-er, 
l.c. ; NSson and Pettersson, Compt. rend. 1880, 
91, 232 ; Chabrie and Eengade, ibid. 1900, 131. 
1300; 1901, 132, 472; Eoessler, J. pr. Chem'. 
1873, [ii], 7, 14; Soret, Arch. Sci. phvs. nat. 
1885, [iii], 13, 5; 1888, [iii], 20, 520; 'Hattox 
and De Vries, J. Amer. Chem. Soc. 1936, 58, 
2126 ; Ekeley and Potratz, ibid., p. 907). 

Selenium and Tellurium Compounds of 
Indium. — A complete range of tri-, di- and 
mono-valent selenides and tellurides has been 
obtained by sj-nthesis while the sesquiselenide 
IngSOg is also formed as a brown precipitate! 
on passing hydrogen selenide into a solution of i 
indium acetate (“niiel and Koelseh, l.c. ; Klemm | 
and Von Vogel, l.c.). | 

Hydrated selenites and selenates have been I 
prepared, and the formation from the selenate | 
of a caesium selenium alum, 

i 

Cs2Se04, 102(8004)3,241420, 

has been reported although this compound is said ! 
to ciystaUise in tetragonal pyramids piather 
and »Schluederberg, J. Amer. Chem. Soc. 1908, 
30, 215). 

Indium Nitride, InN. — Said to be formed on 
heating ammonium indium fluoride at 600°. 
X-ray analysis indicates that it has an hexagonal, 
wurtzite lattice, the calculated density being 
6-91 (Juza and Hahn, Z. anorg. Chem. 1938, 239, 
282 ; Angew. Chem. 1938, 51, 189). 

Indium Nitrate, — A solution of indium 
nitrate produced by dissolving the metal, 
oxide, hydroxide or carbonate in nitric acid 
deposits crystals on concentration -with greater 
difficulty the more nearly neutral is the solu- 
tion. In the presence of nitric acid the hydrate 
ln(N03)3,44H20 separates fairly readily as 
colourless, deliquescent needles readily soluble 
in water ; this salt loses two-thirds of its water 
of crystallisation when heated at 100°. Attempts 
at complete dehydration, using higher tempera- 
lures, result in some decomposition of the nitrate 
(Winkler, J. pr. Chem. 1807, [i], 102, 292). A 
white double nitrate has been obtained with 
ammonium nitrate (Dennis and Geer, J. Amer. 
Chem. Soc. 1901, 26, 437). 

Indium Carbonate. — ^Addition of alkali car- 
bonate to aqueous solutions of indium salts 
precipitates a white compound, insoluble^ in 1 
excess of precipitant but soluble in ampionium 


carbonate solution. This precipitate is stated 
to be indium carbonate but the substance Lu 
not received careful study (Winkler, .J. nr. Chem 
1867, [i], 102, 273). 

Oegaxic CoMPOTJxns of Ixdiuji. 

Indium Trimethyl, 10(0143)3.— Obtained 
when indium, mercury dimethyl and a little 
mercuric chloride are heated together in dy 
CO2 at 100° for 8 days. Exce S3 mc-rcuT}- 
dimethyl is distilled ofiF and the residue purifcd 
by sublimation. The indium trimethyl forir.- 
colourless acicular crystals, m.p. 89-89-5°, which 
are easily decomposed by water, air or oxygen. 
Cryoscopic measmements in benzene indicate 
molecular association to [In(CH3)]4 although 
it is monomeric in the vapour state (Dennis 
el al., J. Amer. Chem. Soc. 1934, 56, 1047; 
Laubengayer and Gilliam, ibid. 1941, 63, 477). 

Indium Triphenyl, ln(Ph)3. — ^Formed by 
beating indium and mercury ffiphenyl at 130° 
in a sealed tube, extracting the mass with 
chloroform, filtering and concentrating until 
colourless needles are obtained. Schumb and • 
Crane [ibid. 1938, 60, 306), carrying out the 
operations in an atmosphere. of CO,, found their 
product melted at 291° hut Gilman and Jones 
{ibid. 1940, 62, 2353) using nitrogen give 205' 
as the melting-point and, moreover, they show 
that indium triphenyl is slowly decomposed by 
COg. It also reacts with water, oxygen and .n 
number of organic compounds. Successive 
addition of bromine leads to the formation of 
dipbenylindium bromide, phenylindium di- 
bromide and indium tribroraide ; simihr 
reactions occur with iodine. The halogen 
derivatives are huff-coloured powders. Di* 
phenylindium chloride and phenylindium oxide 
have also been reported (Goddard in ^ ol. XI of 
Friend’s “ Text-book of Inorganic Chemistry )• 
Indium Acetylacetone, InfCsH-Ojla-— 
Obtained by heating indium hydroxide with 
alcoholic acetylacetone and concentrating the 
solution. It is dimorphous, one form teiot? 
isomorphous with )5-gallium and scandinw 
acetylacetones and the other with ferric acetjl- 
acetone. It can be sublimed at 140° under 10 min- 
pressure; the melting-point is 183° (Chabne 
and Eengade, Compt. rend. 1900, 131, 1300). 

Xumerous salts of organic acids have been 
made of which indium tartrate is said to pos^^C” 
preventive and curative properties agam^- 
aertain forms of experimental tiypano-onua-i'- 
'Meyer, l.c.-, Ekelev and Johnson, J. Amer. 
bhern. Soc. 1935, 57, 773; Levaditi a'-. 
!Iompt. rend. 1932, 194, 325). G B D 

INDOCYANINES (Vol. I, olid-, Vol. Hb 
519c). 

INDOINE BLUE (Vol. I, 576c). 

INDOLE (as perfume). Tiiis body, *• 
aarent of the indigo group of compounds, 1 
iquid of powerful and di=agrccable odour, 
aut in minute quantities acts, like civet am 
katole, as a strong fixer of perfume'?, and tne 
idour disappear.? on dilution. For it? detcrroina 
ion in essential oik, see Parry's “ Cbcmi^to' 0* 
agential Oils,” ^ ol. II, p. 202. ^ ^ 

INDOLENINE yellow (Vol. Ilf, 
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INDOLES. Compounds containing n 5- 
membcred pjTrole ring fused to a benzene ring. 
Two structures are tlius possible, indole and 



CH 

(a) II. (b) 


tsoindolo, (I) and (II6) respectively ; the second 
possibility is not encountered among simple 
compounds and oven the isomeric pseudo- 
isoindolo system (Ila) is unstable in its simple 
representatives. 

The indole group is of considerable importance 
in natural economy — indigo, tryptophan and 
skatolo are naturally occurring indoles — and is 
becoming increasingly important in technical 
practice. 

General Syntheses. — (1) The phenylliydrazones 
of carbonyl compounds containing the grouping 
— CO— CHj— are treated with condensing 
agents sueh as zinc chloride, copper chloride or 
acid ; 



NH 


and the elimination of ammonia may in some 
oases bo effected catalytically (Arbusow, Saizow 
and Rasumow, Ber. 1935, 68 [B], 1792). The 
reaction is thought to involve (1) the trans- 
formation of the hydrazone into an unsaturated 
hydrazine; (2) the benzidine-type rearrange- 
ment of the resulting hydrazine; (3) ring for- 
mation by elimination of ammonium salt from 
the product (Robinson and Robinson, J.C.S. 
1918, 113, C39 ; 1924, 125, 827 ; c/. Campbell 
and Cooper, ibid. 1935,. 1208), although many 
other mechanisms had been proposed earlier ; 



NH 


The reaction cannot be applied to the fonna- 
tion of indole itself, but the phonylhydrazone of 
acetone affords 2-inothylindolo in moderate yield. 
Generally the carbonyl component may bo 
aldehydic or keto’nic, oven a-ketoacids reacting 
in this way; a variety of substituted aryl 
hydrazines and secondary hydrazines have been 
employed, the reaction usually proceeding still 
more readily with the latter. When the kotonic 
compound is a cyclic ketone the final product is 
trinuclear ; thus the phenylliydrazono of cyclo- 
hexanone yields 1:2:3:4 - tctrahydrocarbazolo 
(III). For recent applications of the synthesis. 



NH 

III. 


see Julian and Pikl (Proc. Indiana Acad. Sci. 
1936, 45, 145) ; Moggridgo and Plant (J.C.S. 1937, 
1126) ; Hughes and Lyons (Proc. Roy. Soc. 
Now South Wales, 1937-38, 71, 476). 

(2) Many synthetic reactions depend upon 
the internal reaction of an aromatic amino with 
a reactive ortho — C-C-X group. Thus reduc- 
tion of o-nitrophenylacctonitrilc, o-nitrophonyl- 
acetaldohydo (Stephens, J.C.S. 1926, 127, 
1874; Weerman, Annalen, 1913, 401, 12) results 
in ring-closure. Indole is also formed by ring 



closure of o-amino-ai-chlorostyrcno or o-aceta- 
minostyrono dibromido (Lipp, Bor, 1884, 17, 
1072; Taylor and Hobson, J.C.S. 1936, 181): 



|/\/CHBrCH2Br 


'NH-COMe 



'• (3) The calcium salt (Mauthner and Suida, 
Mo'natsh. 1889, 10, 252), or better the alkali 
salts of phcnylglycinc, afford indole on fusion, 
preferably in presence of reducing agents (G.P. 

(4) The reaction of aromatic bases with 
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a-Balogenated ketones is of general application 
(Bisckler, Ber. 1892, 25, 2860) : 

\/ I 

2CsH--NH2-rCX~CO 



-f 

NH 



A similar reaction is the production of indole by 
reducing otco-dinitro styrene "Trith iron, zinc do^ 
or alimiinimn amalgam (Van der Lee, Bee. trav. 
chim. 1925, 44, 1089). A recent method con- 
sists in nitrating phenylethyl chloride, reducing 
the o-nitro-componnd nith hydrosulphite and 
finally treating the amine nith hexamethylene- 
tetramine {Buss. P. 48309). 

Properiies . — ^Indoles are feebly basic in nature 
and participate in most of the reactions of 
pyrroles although they are less sensitive than 
the simpler compounds. Thus they form alkali 
metal c-ompounds (Weissberger, Ber. 1910, 43, 
3521) and can be polymerised in contact rvith 
adds, tri-indoles being vreE characterised pro- 
ducts (for constitution, aee Schmitz-Dumont 
et at, ibid. 1930, 63 [B], 323 ,* 1933, 66 [B], 71 ; 
1935, 68 [Bj, 240; J. pr. Chem. 1931, [ifj, 131, 
146; 132, 39; 1934, [ii], 139, 167; Annalen, 
1933, 504, 1 ; 1934, 514, 267). 

Torvards strong substituti^ reagents indoles 
usuaUy react- abnormaUy, but -vrith -vveaker 
reagents substitution occurs in the 3-position 
rrhen that is firee. Thus iodination or chlorina- 
tion (using sulphuiyl chloride ; Pauly and 
Gundermaun, Ber. 1908- 41, 4007 ; ilazzara and 
Eorgo, Gazzetta, 1905, 35, ii, 564, 566) affords 
3-halogenoindoles and alkyl nitrites or nitrates 
yield 3-nitroso- or S-nitro-derivatives (Angeli 
and jiarchetti, Atti. E. Accad. Linc-ei, 1907, [v], 
16, L 381 ; AngeEco and Velardi, ibid. 1904, [v], 
13, I, 242). 1-Aceiyl- and l:3-diacetyl-indoles 
are obtainable by direct acetylation (Zatti and 
Perratini, Ber. 1890, 23, 1359). Indoles undergo 
typical pyrrole reactions Tvith chloroform and 
alkah to yield 3-formyl-indoles and, by inter- 
mediate rearrangement, 3-chloroquinoEnes : 


CH 

CghQ CH 
NH 


CH-CHCfg 


C-H. CH 


N 


CH-CHO 
C-H^ CH 
N 



(EDinger, ibid. 1906, 39, 2-520). _ I 

Indoles containing a &ee S-position react Tvith | 
diazonium salts and also vdth Grignard com- 


pounds, and from the products of the lattef 
reaction 3-suhstituted indoles can he obtained. 
Aldehydes of the indole series are readEv 
prepared by the action of methyEormylanilide 
on indoles in the presence of a condensing agent 
I (LG. Farbenind. A.-G., F.P. 773259, 1933).' 

1 Indoles are readfly hydrogenated first to 2:3- 
dihydroindoles (G.P. 623693), then to perhydro- 
indoles and finally on drastic hydrogenation the 
S-memhered ring suffers fission uith production 
of o-alkylanilines; this fission is less readfly 
effected when the pyrrole ring is highly alkylated 
(see Von Braun and Barer, Ber. 1925. 58 [B], 
387). 

Indole forms 2-5% of the oil extracted hj" fat 
from picked jasmine flowers, and 100 g. of the 
flowers Eberate as much as 5-6 mg. of indole 
in a confined space (CerighelE, Compt. rend. 
1924, 179, 1193); it has also been detected- 
in several other plant products, e.g. iu “ lougoza ” 
oil (Madagascar) (Trabaud and Sabetay, Perf. 
and Essent. Oil Bee. 1938, 29, 142; see also 
Gfldemeister and Hoffmann, “Die Aetherischen 
Oele,” 3rd ed., Vol. L P* 677). Indole is also 
formd in coal tar (Weissgerher, Ber. 1910, 43, 
3520), and together with skatole is a constant 
product of biological degradation of protein 
by pancreatic or bacterial digestion (J-iterature : 
EUmgerin Abderhalden, “Handb. d. biol. Arbeits- 
methoden,” Abt. I, Teil 7, 1923, p, 779) and is 
therefore frequently found in products of animal 
origin, e.g. normal perspiration contains 0'003- 
0-05% of indole (Labhardt-, Zentr. Gynak- 1924, 
48, 2626) and sewage and sludge may contain 
^ 0*25 parts per bilEon and 0-8 p.p.m. respectively 
(BudoEs and Ingols, Sewage Works J. 1938, 
10, 653). As tr^tophan (v. infra) is also a 
constant constituent of protein it is not sur- 
: prising that it is also degraded by bacterial 
^ action to indole. With some strains of bacteria 
I {“ indole negative ”) degradation only proceeds 
I as far as indole-3 -ac-etic add and the positive 
i EhrEch reaction is only observed if “ indole 
positive “ bacilE are employed (literaiure : 
Sickel in Abderhalden, “ Biochem. Hand- 
]e.Tikon,” Bd. XU, 1930, p. 234). 

In addition to methods indicated above, indole 
mav he obtained bv extraction from coal tar 
(G.P. 223304, 454696) but is usuaEy prepared by 
fusing phenvlglyciue o-carboxyEc acid with 
caustic alkaE at 280-290^ (G.P. 85071) or at 
25(p under reduced pressure (G.P. 15254S, 
260327). _ 

Indole forms leaflets, m.p. 52% b.p. 253-25i , 
which are volatile in steam. In addition to 
chemical transformations indicated above, indole 
may be directly oxidised to indoxyl by activated 
i oxygen and eventuaEy to indigo (G.P. 130629). 
i view of the occurrence of indole in body 
fluids a large number of quaEtative tests for it 
have been proposed (literature : Hoppe-Seyler 
and Thierfelder, “Handb. d. physiol-- md 
patholog.-chem. Analyse,” 9th ed., 1924, pp. 30 /, 
936; Oppenheimer, “ ^ndb. d. Biochem. d. 
ilenschen u. Tiere,” 1924, % oL I, _ p- 25o , 
Abderhalden, “ Handb. d. biol. Arbeitsmetbo- 
den,” Abt. I, Teil 4, 192.3, p. 831 ; Tell 
p. 783). Tosatti (Biochim. Terap. spenm. 19io, 
22, 286) states that the EhrEch reaction wim 
^j-dimethylammohenzaldehyde, which Happol 
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and Hoyle (Biochem. J. 1934, 28, 1171) have 
used in the colorimetric assay of indole, sur- 
passes all other known reactions and will detect 
1 part in 5,000,000. 

Pure indole may he titrated with iodine 
(Pauly and Gundermann, Ber. 1908, 41, 4007), 
but there would seem to be no methods for its 
exact determination in mixtures. Larger quan- 
tities are estimated approximately as the picrate 
(Hesse, Ber. 1899, 32, 2612) ; smaller amounts, 
e.g. in bacterial cultures, are distilled in steam 
and estimated colorimetrically by the nitrite 
method (Moraczewski, Z. physiol. Chem. 1908, 55, 
45), by naphthaquinonesulphonic acid (Herter 
and Foster, J. Biol. Chem. 1906, 1, 257 ; 
Bergeim, ibid. 1917, 32, 17), or by Ehrlich’s 
reagent (^5-dimethylaminobenzaldehyde) (Fellers 
and Clough, J. Bact. 1925, 10, 105). 

Indole has little direct application but is 
used in compounding artificial perfumes (G.P. 
139822, 139869). Its presence in jasmine is 
said to be the prime reason for adding jasmine 
to tea, and indeed its detection in aromatic teas 
has been claimed as an indication of quality 
(Wang, Ni and Chen, J. Chem. Eng. China, 1937, 
4, 218). 

2-Methyli7idole 



NH 


is obtained from acetone phenylhydrazone (G.P. 
238138 ; Fischer, “ Anleitung zur Darst. org. 
Praparate,” 1922, p. 68), or from aniline and 
chloroacetone (G.P. 40889). It forms needles, 
m.p. 59°, b.p. 272°. Like indole it is suitable for 
use as a perfume base (G.P. 139869), for the pro- 
duction of azo colours (G.P. 141354, 160674, 
163141) and of medicinal arsenicals by direct 
reaction with arsenic acid (G.P. 240793). 

3-Methylindole, shatole, 



NH 

which accompanies indole in nature, may 
be separated by its non-reactivity towards 
l:2-naphthaquinone-4-sulphonic acid (Herter 
and Foster, J. Biol. Chem. 1906, 2, 267). Skatole 
forms leafiets, m.p. 95°, b.p. 265°. It gives a 
purple or violet-red coloration with vanillin in 
concentrated hydrochloric acid (Blumenthal, 
Biochem. Z. 1909, 19, 527) which unlike that 
given by tryptophan is extracted by toluene 
(Kraus, J. Biol. Chem. 1925, 63, 157) thus 
allowing a quantitative separation. 

Hydroxy-derivatives of indole having hydroxyl 
groups in the pjorole ring are of significance in 
that they are intermediates in almost aU syn- 
theses of indigo [v. Indoxyl Compounds). 

Isatin, 2:3-diIcetoindoline, behaves in many 
reactions as the lactam of isatinic acid, in 
M Inch form it exists in alkaline solution ; its 
formation by reducing 2-nitrophenyl-propiolic, 
-glyoxylic and -pyruvic acids (Reissert, Ber- 


1904, 37, 1038) is then readily understood. It is 
obtained as sodium isatinate by allowing limited 



-> 



access of air during the fusion of phenylglycine 
with alkali (G.P. 105102) or preferably by the 
action of hot sulphuric acid on oximino- 
acetanilide (Sandmeyer, Helv. Chim. Acta, 1919, 
2, 234 ; G.P. 320647 ; Organic Syntheses, Coll. 
Vol. I, 321) or isatin-2-anil (G.P. 113979). 
Isatin forms orange-red prisms, m.p. 200-201°. 
In addition to its direct interest 'in connection 
with indigo, isatin has also been used in 
the production of thioindigoid colours (G.P. 
182260 ; Bezdzik and Friedlaender, Monatsh. 
1908, 29, 376 ; cf. the colour reaction with 
thiophen in concentrated sulphuric acid with 
formation of indophenin) and other {e.g. halo- 
genated) indigos. 

Gramine, donaxine (q.v.), 


CHg-NMeg 




is an alkaloids directly derived from indole. 

Bufotenine . — Of higher indoles bufotenine with 
a hydroxyl group in the aromatic ring is interest- 
ing as occurring in the secretion of the skin of 
toads (Wieland, Konz and klittasch, Annalen, 
1934, 513, 1 ; Jensen and Chen, Ber. 1932, 65 
[B], 1310). It was synthesised by reducing 5- 
methoxy-3-cyanomethylindole, methylating the 
resulting base and demethylatmg the phenolic 
methoxyl -with aluminium chloride : 


MeOi 


CHg-CN 


NH 


MeO 


iCHa-CHj-NH, 


NH 

HO,^ N nCHg-CHa-NIVIeg 


NH 

Bufotenine. 


{cf. Hoshino and Shimodaira, Bidl. Chem. Soc. 
Japan, 1936, 11, 221 ; Annalen, 1936, 520, 19). 
^-Indolyl-8-acelic acid. 



NH 
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This acid has ni.p. 164°, and is obtained by 
boihng the phenylhydrazone of ^-formylpro- 
pionic phenylhydrazide -ndth dilute alcoholic 
sulphuric acid and hji^drotysing the product 
(EUinger, Ber. 1904, 37, 1806). It has for long 
been known to occur in normal and pathological 
orine, in the products of putrefaction of albumin, 
etc., and was for some time thought to be the 
chromogen in urine giving rise to “ urorosein,” 
the red pigment formed in presence of nitrous 
acid (ElUnger and Flamand, Z. physiol. Chem. 
1909, 62, 285; cf. Evuns et al., Biochem. J. 
1913, 7, 24; Homer, J. Biol. Chem. 1915, 
22, 353). A number of micro-organisms grown 
xmder controlled conditions were observed to 
elaborate a factor which influences ceU elonga- 
tion in the Avena coleoptile. This compound, 
heleroauxin was isolated by Kogl and his co- 
workers (Z. physiol. Chem. 1934, 228, 113). and 
shown to be identical with indoIyI-3-acetic acid 
from urine {ibid., p. 104). v. AtrxiK and Growth 
Promoters. 

A number of 5:7-di-iodoindole-3-acetic, -pro- 
pionic acids and other iodinated indole and 
oxindole acids have been prepared by the Fischer 
hydrazone method and used as X-ray contrast 
media lor therapeutic purposes (G.P. 425041. 
459361, 436518; U.S.P, 1656239; Swiss P. 
122243). 

Tryptophan 


CH2-CH(NH2)C02H 


is a constant constituent of protein, e.g. com- 
prises 6-11% of the protein of human milk (Boc- 
cadoro,Pediatria,1922, 30,257 ; aeeAbderhalden, 
“ Biochem. Handlexikon, Bd. XII, p. 693). Its 
isolation by hydrolysing lactalbumin with baryta 
is described by Waterman (J. biol. Chem. 1923, 
56, 75), and it is conveniently synthesised by 
causing indole to react with ethyl magnesium 
iodide in anisole ; the indole magnesium iodide 
is then converted into indole-3-aldehyde by 
formic ester and thence through 3-indolylidene- 
hydantoin and oj-hydantylskatole (Jlajima and 
Kotake, Ber. 1922, 55, 3859) to tryptophan : 





CH=C-r 



nh'^ /I 

NH 

CO 


CO 

NH 


3-Indolylidenehydantoin 

-CHg-HC, 
NH 



CO 

NH 


NH CO 

w-Hydantylskatole. 

Tryptophane. 


Bacemic tryptophan has m.p. 289° and is slowly 
deaminated by acids Avith the formation of 
humin-like materials. 

Hypaphorine is the betaine of trvntduhan 
(a. Vol. I, 6865). ^ ^ ’ 

A. H. C. 

I NDOX-YL COMPOUNDS. Indoxylisa 
nitrogenous organic compound of both industrial 
and biological importance; industrial, because 
it is an intermediate product in the technical 
synthesis of indigo ; biological, because it occurs 
as a glucoside, indican, in indigo-yielding plants 
(see Iktiigo, Natural), and also as a sulphuric 
ester in human urine. 

Chemically, indoxyl is 3-hydroxyindole, and 
is related to indole as a-naphthol is to naphtha- 
lene. Indoxyl is a tautomeric substance, in that it 
behaves chemically as if it had both structures (I) 
and (II). The stable form is the phenolic form (I) 



NH NH 

Stable form. Labile form. 

Indoxyl. 

I. II. 



NH 

Oxindole. 

III. 


whilst the isomeric oxindole is stable in the 
ketonic form (HI). 

The plant glucoside indican has been fully 
discussed under IxDioo, Natural. The first 
observation that human urine deposited a blue 
colouring matter under certain conditions is 
attributed by Thudichum (“ A Treatise on the 
Pathology of Urine,” London, 1877) to Janus 
Plancus, 1767. The blue colouring matter was 
identified as indigo by Heller and Kletzinski, 
and Baumann (Pfliigers Arehiv, 13, 291) with 
Brieger (Z. physiol. Chem. 1879, 3, part 4) 
isolated the chromogen from tirine and showed 
it to be the potassium salt of indo:^l sulphuric 
acid, decomposed by dilute acids into indoxyl 
and sulphuric acid (Baumann and Tiemann, Ber. 
1880,13,415). _ 

Indoxyl was first synthesised by Baeyer (Ber. 
1881, 14, 1741) from ethyl o-nitrophenylpro- 
piolate, which with concentrated sulphuric acid 
xmdergoes rearrangement to ethyl isatogenate. 


CgH^ 


/ 


c ; ccOgEt 


^NOg 

^CO— CCOaEt 

‘\n O 


C6H4( 


The latter by reduction yields ethj'l indoxylate, 
hydrolysed by caustic soda to sodium in- 
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doxylate (IV) ; Avith dilute acids this loses 
carbon dioxide to give indoxyl. 

COH 

CCOaNa 

NH 

• IV. 

f 

Alkali indoxylates are also formed by alkali 
fusion of pbenylglycine-o-earboxybc acid ; and j 
pb6nylglycine itself forms indoxyl when fused 
Avitb caustic alkali and sodamide {see Indigo, 
Synthetic). Many other syntheses are now- 
known, for which textbooks should be consulted. 

Indoxyl crystallises in bright yellow prisms, 
m.p. 85°. It Avas obtained crystaUine for the 
first time by Vorlander and Drescher {ibid. 
1902, 35, 1702) by decomposing indoxylic acid 
Avith Avarm water in an atmosphere of coal 
gas. It is soluble in water Avith a green fluores- 
cence, Avhich is destroyed by acids and strong 
alkahs. It forms alkali salts which can be 
isolated in presence of excess of alkali. It can 
be distilled Avith slight decomposition in steam, 
and has a fseeal odour. It is very unstable, 
being oxidised in air, especially in presence of 
alkali, to indigotin, and it resinifies in presence 
, of acids. 

Indoxyl and indoxylic acid react Avith alde- 
hydes and ketones to form indogenides of the 
general formula (I) ; 


CO 

CbH4^ ^C = C 

NH 

I. 

Indogenide. 


R 

R' 


C6H4 


CO CO 

/'X 

C=C NH 
XX XX 
NH CgH^ 

II. 


Indirubin. 


A special case of this reaction is the formation 
of indirubin (II) from indoxyl and isatin. 
Asymmetric indigoid dyes can be obtained 
similarly using a-anifides of isatins or thio- 
naphthenquinones {see Indigoid Dyesthefs). 
Indoxyl also couples Avith diazo compounds, like 
a phenol, to give azo compoimds ( J. Martinet and 
0. Domier, Compt. rend. 1920, 170, 692). These 
may be regarded as phenyUiydrazine derivatives 
of isatin. Benzeneazoindoxyl forms orange 
prisms, m.p. 240°. H-Metliylindoxyl has m.p. 
67°. ii-Acetylindoxyl, m.p. 136°. 

Indoxylic Acid is obtained as a AA'hite crj^stal- 
-line poAA'der, m.p. 122-123°, by adding a solu- 
tion of the sodium salt to ice-cold dilute sul- 
phuric acid. It decomposes on melting Avdth 
evolution of carbon dioxide. The N-aceiyl- 
derivative has m.p. 175° (decomp.). 

Yon. 30 


Indoxylsulphuric Acid, 


C 6 H 4 , 


COSO 3 H 




CH 


occurs, as stated above, in human urine, as its 
potassium salt, Avhich is referred to in the 
literature as “ urinary indican.” The free acid 
is unstable but the potassium salt forms glisten- 
ing leaflets from alcohol, in Avhich it is sparingly 
soluble. Dogs fed on indole excrete the sub- 
stance to a considerable extent in the urine. 
The indole is transformed into indoxyl in the 
liver,-Houssay, Deulofeu and Mazzocco (Compt. 
rend. Soc. Biol. 1935, 119, 875). Indoxyl may 
originate in the intestine, be stored in the blood 
and excreted by the kidneys (Houssay, Maz- 
zocco and Potick, ibid. 1934, 117, 1235, 1237). A 
method for the detection and colorimetric deter- 
mination of urinary indican is given by A. Jolles 
(Monatsh. 1915, 36, 457), depending on the 
oxidation of indoxyl with ferric cUoride in 
fuming hydrochloric acid in presence of thymol, 
when a violet colouring matter is formed which 
can be extracted with chloroform and determined 
quantitatively by colorimetric comparison of the 
chloroform solution Avith a standard. Jolles 
considers that the violet colouring matter is 
4-cymol-2-indo]eindolignone (I). An improve- 




CO 

C:C 

XXX X 

NH CMerCH 

I. 


CH:CPr^ 

X 

CO 


ment on JoUes’ method has been described by 
H. Sharht (J. Biol. Chem. 1933, 99, 637), who 
uses potassium persulphate as oxidising agent 
(Avhich prevents pigment formation Svith skatole) 
and extracts the colouring matter Avith ethyl 
trichloroacetate. The indican is determined 
colorimetricaUy by viewing the solution so 
obtained through a green filter, and comparing 
Avith a 1’5% solution of CoS 04 , 7 H 20 which 
has been standardised against a known amount 
of indican. A determination can be made on 
1-0 c.c. of urine, and less than 0-0025 mg. of 
indican can be detected. Jolles’ method has 
also been examined by C. 0. GuiUaumin (Bull. 
Soc. Chim. biol. 1936, 17, 403) and T. Kumon 
(Z. physiol. Chem.’ 1936, 231, 205) has described 
a A'iolet compound of indoxyl Avith ninhydrin 
Avhich can be used for the colorimetric deter- 
mination of urinary indican. 

Indoxylsulphuric acid can be prepared syn- 
thetically by the action of potassium pjuo- 
sulphate on potassium indoxyl (Baej'cr, Ber. 
1881, 14, 1745), and by the action of chloro- 
sulphonic acid on N-acetyhndoxyl in pyridine 
(A. JoUes and E. SchAvenk, Biochem. Z. 1914, 
69, 347). 

E. H. R. 

INDUCTIVE EFFECT.— The significance 
of the electronic theory of valency as a basis for 
the development of an electronic theory of 
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organic chemical reactions, is that it limits, by 
the principle requiring the preservation of 
stable electron groups, the forms of electron dis- 
placement -which it is permissible to assume in 
the interpretation of intramolecular electrical 
interaction. Two methods have been suggested 
by which electron duplets may undergo dis- 
placement -with the preservation of the atomic 
octets and -without alteration of the original 
arrangement of atomic nuclei. The first method 
is characterised by the circumstance that the 
displaced electrons remain bound in their 
original atomic octets; displacements of this 
type were postulated in 1923 by G: N. Levds,! 
who showed how the electrostatic dissymmetry, 
arising from the unequal electron attraction of 
two different atoms linked together, could be 
propagated along a molecule by a mechanism 
analogous to electrostatic induction. This mode 
of electron displacement was considered to apply 
to a permanent molecular condition, therefore 
producing a permanent polarisation of the 
normal molecule : it has been called the in- 
ductive effect.^ It is commonly represented by 
the use of arrow-headed bond signs indicating 
the direction towards which the electrons -are 
concentrated : 

CH3. 

Complementary to this mode of electron dis- 
placement is that which is characterised by the 
substitution of one electron duplet for another 
in the same atomic octet. This source of 
polarisation of the normal molecule is called the 
mesomeric effect.^ The two effects form the 
main pillars of the theory of the polarisation of 
normal molecules, which has direct application 
in the interpretation of the physical properties 
(dipole moment, magnetic susceptibility, re- 
fractivity, nuclear and electronic spectra) of 
organic molecules, and the thermodynamics 
(heats and equilibria) of organic reactions. The 
same theory requires only to be supplqpiented by 
a closely analogous theory of polarisation accom- 
panying activation in order to deal with the 
kinetics (activation heats and rates) of organic 
reactions. 

In the theoiy of the polarisation of normal 
molecules, and, in particular, in that part of the 
theory which deals -with the inductive effect, 
electron repulsion and attraction are regarded 
as relative phenomena : by convention the 
standard of reference is hydrogen. A group X 
would be described as repelling electrons if in 
X — CRg the electron densities in the residue 
CR3 are greater than in H — CRg. (Similarly Y 
is said to be electron-attracting if in Y — CR 3 
the electron densities in CR 3 are reduced by 
comparison -svith H — CR3. Electron repulsions 
are conventionally distinguished by positive 
signs and attractions by negative signs, so that 
the inductfre effects illustrated may be repre- 
sented briefly by the symbols -f-I and —I : 

X-^CR3 H— CR3 Y-^-CRg 

(-fl-effect.) (Standard.) (— I-effect.) 

It is inherent in the idea of intramolecular 
electrical interaction that the inductive effect 
exerted by groups must be influenced to some 


exfrnt by molecular environment, and although 
this effect is usually insufficient to change the 
qualitative behaviour of a substituent, it is 
convenient when commencing the task of classi- 
fying atoms and- groups to set up the problem 
in a form in -which the disturbance mentioned is 
minimal. This will be true if the groups con- 
sidered are imagined to be singly present as 
substituents in a paraffin framework. 

A major distinction must be dra-wn between 
charged and neutral groups. Anionic groups, 

e.ff. O — S — ^ , as a whole are expected to repel 
electrons in comparison -idth neutral groups 
considered as a whole ; and similarly cationic 

groups, e.ff. R 3 N RoS^, as a class should 
attract electrons relatively to neutral groups 
as a class. The reason is that in anionic 
centres the atomic nuclei are over-compensated, 
and in cationic centres they are under-com- 
pensated, by the electrons of their own octets. 
Groups consisting of, or containing, formal 

+ — + - + - 
dipolar ions, e.ff. NO 2 , ->SOR, ->NC, 

should attract electrons relatively to neutral 
groups, since the former are invariably joined 
through their cationic centres to the remainder 
of the molecule. The electron-attracting effect 
of such a formal dipole should obviously be less 
than that of the corresponding free positive pole. 
It shotild be emphasised that these are general 
relationships, and that they take no account of 
the indmdual variations which may lead to 
occasional overlapping between the various 
series. 

Individual distinctions depending on chemical 
type become apparent on considering a series of 
neutral groups. In the series • C H 3 , • N H g, • O H. 
•F, the total nuclear and electronic charges are 
the same, but the distributed (protonic) portion 
of the nuclear charge in -CHg becomes pro- 
gressively centralised in -NHg, -OH, -F, which 
therefore attract electrons from an attached 
atom successively more strongly in comparison 
with the methyl group (the polarity of alkyl 
groups is considered below). Again an atomic 
field is expected to suffer more loss through 
internal electronic deformation in larger than 
in smaller atoms, and thus inductive electron 
attraction should diminish along the series ‘F, 
•Cl, 'Br, •!. A regular connection between the 
inductive effect and position in the periodic table 
of the elements is indicated in this reasoning, 
and if R is a non-polar or feebly polar group ' 
(H, Alkyl), then all groups such as -NRg, -OR, 
•SR, -Hal, :NR, :0, :N, should attract electrons 
relatively to the methyl group. The extent of 
the attraction should increase with the number 
of the periodic group and decrease -with in- 
creasing number of the period ; it should also be 
greater in multipl 3 ’--linl£ed atoms than in the 
corresponding singly-linked atoms. 

It can be deduced from the premises stated 
that the polarity of all alkyl groups is zero. 
This conclusion is, however, a formal one, 
directly connected -with the choice of the paraffin 
framework as a means of standardising the effect 
of molecular en-rironment. A more significant 
conclusion concerning alkyl groups is that, uffiike 
the groups already considered (the intrinsic 
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polarity of which renders their classification at 
least qualitatively insensitive to the disturbance 
of molecular environment), alltyl groups will 
essentially exert those polar effects which are 
impressed upon them by the other groups present 
in the molecrde. In tliis connection the im- 
portant property of alkyl groups is that they 
are much more polarisable than hydrogen, and 
thus ‘GHj, although it has no polarity in 
CHj — C Hj, becomes an electron-repelling group 
in CHg-^COgH, and, in particular, it becomes 
so when comparison is made between 
CHg-^COaH and H— COgH. Since the 
majority of substituents commonly encountered 
in organic molecules are attractors of electrons, 
alkyl groups generally function as weak electron- 
repelling groups. They do this also in hydro- 
carbon structures such as toluene, though the 
cause in this case is more appropriately classified 
with the mesomeric effect. 

The conclusions reached in the preceding 
discussion are assembled for convenience in a 
table, in which the “ greater than ” sign, >, is 
used to indicate inequality of magnitude of the 
inductive effect : 

Electron Repulsion (-f I) : — 

•NR>-6j •0>-S>-Se; Alkyl groups. 

Electron Attraction (—1) : — 

•0R2>'NR3; •NR3>'PR3>-AsR3>'SbR3; 

•OR2>>-'SR2>'SeR2>'T eR2 ; 

+ i ” + 

•NR3>-r462; •S02R> S0R; 

t- t = 

•S 02 R>‘S 03 ; 

•NR3>--NR2; •0R2>‘0R; •SR2>'SR; 

•F> 0R> NR 2 ; •F> CI>-Br> l ; 
:0>:NR; :N>iCR; 

:0> 0R; :N>;NR> NR2 
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INDULINE SCARLET (Vol. I, 575d). 
INDULINES. (Colour Index Nos. 859- 
863.) Dale and Caro in 1863 and Coupier in 
1867 observed that on heating aminoazobenzene 
hydrochloride with aniline and its hydrochloride 
dark blue colouring matters were formed to 
which the name Indulines was given ; these are 
insoluble in water but dissolve in alcohol 
(Spirit-soluble Indiilines), whilst the free bases 
are soluble in oils and fats. Sulphonation yields 
water-soluble acid dj'es Icnown under a large 
variety of names such as Fast Blue, Solid Blue, 
Cotton Blue, etc. ■ 


The first induline was prepared empirically 
by Dale and Caro (B.P. 3307, 1863) by heating 
anihne hydrochloride with sodium nitrite, but 
it was soon appreciated that aminoazobenzene 
was an intermediate product and that by vary- 
ing the conditions of formation different products 
could bo obtained. The initial product is the 
so-called Azophenine (dianUinoquinone dianil) 
which forms dark red crystals melting at 240°C., 
and on further heating yields successively In- 
duline B, 3B and finally 6B. On heating the 
spirit-soluble indulines first formed with aromatic 
bases other blue dyes of greater value are formed ; 
thus with p-phenylenediamine the water-soluble 
Paraphenylene Blue is formed and with p- 
toluylenediamine water-soluble Toluylene Bhie 
is obtained. 

Such water-soluble induhnes may also bo 
prepared by a modification of the induline melt 
by allowing aminoazobenzene, aniline and 
aniline hydrochloride to react together in 
concentrated aqueous solution, or by heating 
azobenzene with aniline hydrochloride, p- 
phenylenediamine and a little ammonium 
chloride.' Indulines are also formed as by- 
products in other processes such as the oxidation 
of crude aniline in the magenta melt. 

Alternative methods of preparation are (a) from 
phenols or quinones and aminoazo-compounds, 
(6) from hydroxyazo-compounds and aniline, 
(c) from azobenzene and anihne hydrochloride 
at 200-230°C., (d) by the action of p-diamines 
upon azo dyes derived from naphthylenedi- 
amines, (e) by melting aminoazobenzene or pre- 
formed indulines with benzidine hydrochloride 
to produce substantive cotton dyes. 

By the addition of nitrobenzene or nitro- 
phenols to the melt greyish-blue Nigrosines are 
produced ; following the suggestion of Caro the 
name Induline is now reserved for those colour- 
ing matters produced from amines and azo-com- 
pounds whilst the name Nigrosine is reserved 
for those produced from nitrobenzene or 
nitrophenols. 

On a large scale the dyes are prepared by 
heating the required base dissolved in anihne 
together wth anihne hydrochloride (the “ In- 
duline melt ”), the apparatus required consisting 
essentiaUy of an enamelled stiU with oil heating, 
and provided with a suitable stii-rer and con- 
denser. Some details of the process may be 
found in Eierz-David, “Kiinsthche Organische 
EarbstofiFe ” (1926), pp. 333-334. 

The uses of the spirit-soluble induhnes are 
mainly confined to the preparation of spirit 
lacquers and varnishes whilst the free bases 
are used for colouring candles, waxes, etc. l^or 
textile purposes some use is made of the in- 
duhnes for cotton printing, the colour dissolved 
in acetin being known as Acctin Blue, Printing 
Blue, etc., and in spite of the competition of 
newer and faster dyes the indulines stUl retain 
some measure of importance since the dyeings 
on siUc and cotton on a tannin mordant are 
fairly fast. 

The constitution of the dyes formed in the 
induhne melt remained long in doubt, but the 
researches of 0. Eischer and Hepp (Annalen, 
1893, 272, 306 ; 1895, 286, 187) and in particular 
the classical investigations of E. Kehrmann and 
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his pupils (c/. Kehrmann and Klopfenstein, Ber, 
1923, 56 [B], 2394) have now solved the problem. 

The essential components of the melt have 
been shovTi to consist of various andinophenyl- 
phenosafranines : 

Anilinophenyl-phenosafranine, C30 H 24 N gC I, 

PhHN 



Induline B. 

Anilinodiphenyl-phenosafranine, CggHggNgCI, 

•w f 

PhHNr^\/ 

PhHN 


NHPh 


Induline 3B. 

Dianilinodiphenyl-p7ienosafranine,C^2^3z^ 

.N 



Using dianilino-o-quinone and syin-dianilino- 
m-phenylenediamine the product is 2-amino-7- 
anilino-3:6-diphenyl-phenosafranuie which on 
heating with aniline and aniline hydrochloride 
yields Induhne 6B : 


NHPh 



-HCl 


PhHN 


NHPh 


PhHN 

PhHN 




NHPh 

NHPh 


'N 

/ \ 

Ph Cl 

Induline 6B. 


It is of course difficult to cany out the melt 
in such a manner as to obtain homogeneous 
products and the commercial dyestuffs are 
therefore mixtures of the above substances in 
varying proportions. 

The proof of the accepted constitutional 
formulae has been given by Kehrmann (Helv. 
Chim. Acta, 1924, 7, 471 ; 1925, 8, 661 ; Ber. 
1923, 56 [B], 2394), who by boiling 3-chIoro-7- 
am'hno-6-phenyI-aposafranine (from dfanilino-o- 
quinone and 2-amino-5-chlorodiphenylamine 
hydrochloride) with aniline obtained 7-anilino- 
3:6-diphenyl-phenosafranine, which is identical 
with Induline 3B, 



2-amino-7-anilino-3:6-diphenyl-phenosafranine. 


PhNHa-HCi 


Induline 6B. 


Induline 6B is also 'formed on heating In- 
duline 3B with anffine, aniline hydrochloride and 
mercuric oxide. 

The water-soluble dyes such as Pafaphenylene 
Blue probably have amino-groups attached to 
the side nuclei : 


|NH-CgH,-NH2 


NHPh 


3-chloro-7-anilino-G-phenyl-a270safr^anine. 

PhNHo _ , o-r, v 

Induline 3B. 


/ \ 

Ph Cl 

which would account for their solubility and 
increased basicity. 

B. A. M. 

I N D U R I T E (Vol. IV, 4656). 
INFUSORIAL EARTH (Vol. lU, 579ff). 
INHIBITORS, ANTIOXIDANTS. Al- 
though isolated examples of the effect of small 
amounts of compoimds in retarding the onset 
of atmospheric oxidation had been known for 
over a hundred years, this subject did not attain 
scientific or technical significance until 1917-18 
with the 'work of Moureu and Dufraisse on the 
cause and prevention of the polymerisation of 
acrolein. They showed that the polymerisation 
v'fis' due to chemical reaction with the oxygen 
of the air and that both oxidation and poly- 
merisation" could be markedly delayed by traces 
of compounds termed bythem^' antioxyg6nes 
which were theintsolr^soensitive ,to atmospheric 
oxidation (Moureu and Dufraissei^ Compt. rend. 
1922, 174, 258). 

It has now been fully established that aut- 
oxidisable substances of the most -diverse type, 
both inorganic and organic, can b-e protected 
by a small amount of a reactive extrl^^iieous sub- 
stance. These protective substancdg do not 
belong to any one class, but include elements 
such as iodine, salts such as sulphide^ and sul- 
phites, derivatives of the non-metals a|nd metal- 
loids, and a wide variety of organic coi^pounds, 
particularly phenols and aromatic \ amines 
(Moureu and Dufraisse, Chem. Rev. hm26, 3, 
113). Indeed, Dufraisse goes so far as W say 
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that every chemically reactive substance should 
be capable, under suitable experimental con- 
ditions, of functioning as an antioxidant. 

The technique used by the French workers in 
their researches was simple, and is still the basis 
of most methods of detecting antioxidant action. 
The autoxidisable substance is confined in an 
atmosphere of air or oxygen under suitable 
experimental conditions, and the rate of oxygen 
absorption measured manometrieaU 3 '- in the 
presence and absence of the compounds being 
tested as antioxidants. 

Antioxidant action is an example of negative 
catalysis, the antioxidant not only prolonging 
the induction period before oxidation becomes 
noticeable and rapid, but also reducing the 
steady oxidation rate which is attained in some 
oxidising systems. Even minute amounts of 
the catalyst may be effective, 1 part in a million 
of hydroquinone being sufBcient to improve the 
stabihty of benzaldehyde to air. 

Although antioxidants have been used to 
protect inorganic compounds such as sodium 
sulphite, their chief industrial outlet is in the 
preservation of organic compounds. Their first 
technical use was for the protection of vul- 
canised rubber, and this is still their biggest 
field. They are also used in petrol (v. In- 
HiBiTOES, Gum), mineral oils such as transformer 
and lubricating oils, fatty oils and waxes, 
aldehydes, etc. Anti-knocks for fuels function 
by an antioxidant mechanism, and the growing 
realisation of the significance of antioxidants 
in biological phenomena may be mentioned. 

In practice, antioxidants are used at con- 
centrations varying from 0'001% (petrol, alde- 
hydes, etc.) to 1-2% (rubber) by weight on the 
autoxidisable substance. Technical antioxidants 
are usually organic compoimds, the most widely 
used being aromatic compounds with a free 
phenolic group or a basic nitrogen atom. Among 
the phenols may be mentioned )3-naphthol, 
catechol, hydroquinone and pyrogaUol. Bases 
include N-phenyl-a- and )3-naphthylamine (Du 
Pont, B.P. 276968) ; N N '-diphenyl -p-phenylene- 
diamine (Goodyear, B.P. 305195) ; condensa- 
tion products of aniline with acetone and 
of a-naphthylamine with acetaldehyde, and 
substituted amines such as pp'-dimethoxydi- 
phenylamine and p-benzylaminophenol. 

It has been stated above that antioxidants are 
reactive substances which are themselves sensi- 
tive to oxygon. An antioxidant for one system 
may act as a pro-oxidant for another system, 
and even a change in concentration may change 
an antioxidant into a pro-oxidant. The first 
explanation of their action was the antagonistic 
oxide theory put forward by Moureu and 
Dufraisse in 1923 (Compt. rend. 1923, 176, 624). 
On this theory, the first reaction is the formation 
of an rmstable peroxide of the autoxidisable 
substance ; this reacts with the antioxidant to 
give two unstable oxides, v'hich decompose to 
regenerate the original sub.stanee, the antioxidant 
and molecular oxygen. 

A-f0„-»A[02] 

A[0„]+B A[0HB[0] 

A[OH B[0] A+ B+Os 

A is autoxidisable substance. 

B is antioxidant. 


This theory is not now generally accepted. 
The present view is that autoxidation proceeds 
by a chain mechanism, the imstable peroxide 
first formed initiating reaction chains through- 
out the autoxidisable substance. The antioxidant 
functions by reacting with the unstable peroxide 
to give' deactivated products, thus breaking the 
chain-propagating mechanism (see, for example, 
Christiansen, Trans. Faraday Soc. 1928, 24, 
714). Each time a chain is broken, an anti- 
oxidant molecule is destroj^ed. This mechanism 
has been shown to hold for the autoxidation of 
substances as varied as benzaldehyde (Back- 
strom and Beatty; J. Physical Chem. 1931, 35, 
2530) and rubber (Morgan 'and Naunton, Proc. 
Rubber Tech. Conf., London^ 1938, p. 699). 

R. F. G. 

INHIBITORS, GUM. The term “ gum- 
inhibitors ” has been apphed to numerous 
organic compounds that have the power of pre- 
venting the formation 'of resinous or gum-like 
material in motor spirits during storage. Gum ^ 
formation in motor spirits is a liquid-phase oxi- 
dation process and gum-inhibitors are a special 
class of antioxidants (v. Inotbitors, Anti- 
oxidants). 

Attention was drawn to the formation of gum 
in motor spirits as a result of the development, 
since about 1910, of the cracking process for the 
conversion of gas oil and other high-boUing 
fractions of petroleum into motor spirit. The 
petrol produced, particularly by vapour-phase 
cracking processes, was found to be highly 
unstable, readily formed gum, and darkened in 
colour on storage. Its use in internal-combus- 
tion engines caused the choking of jets, and the 
formation of resinous deposits in the induction 
manifold andinlet-valve pockets, and on the inlet- 
valve stems, causing them to stick in the guides 
with consequent loss of engine power and erratic 
running. These objectionable properties were 
considered to be due to tjhe high proportion of 
unsaturated hydrocarbons (olefins) present in 
this type of petrol. Although these disadvant- 
ages could be largely overcome by drastic 
refining treatment ■with sulphuric acid or other 
reagents, this was costly owing to the consider- 
able losses of material, as well as the expense for 
plant, labour and reagents. 

The subsequent demand for motor fuels of 
increasing a nti -knock value further emphasised 
the importance of this problem, since it was 
found that the highly unstable petrols produced 
by vapour-phase cracking processes had a high 
anti-knock value, but this was reduced to a 
considerable extent by the refining treatment 
necessary to render them sufficiently stable. 

A somewhat similar position arose in connec- 
tion with the increasing use of benzole as an 
anti-knock blending agent in petrols after the 
1914^18 war. The crude benzole produced at 
coke ovens and gas works contains up to 10% or 
more of unsaturated hydrocarbons, and unless 
these constituents are removed almost com- 
pletely, the benzole is liable to cause troubles 
due to gum when used in engines. 

Attention was first drawn to an alternative 

^ The terms “ gum ” and " resin ” have been used 
in this article synonymously and in a purely descriptive 
sense. 
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and mucli more satisfactory method of treat- 
ment for fuels of this type by the publication in 
1930 of the investigations on gum formation 
of the Research Committee of The National 
Benzole Association (Great Britain). These 
investigations showed (1) that engine troubles 
due to the use of unstable fuels are caused 
almost entirely by non-volatile gum already 
present in the fuel at the time of use (Rept. of 
of Research Committee, Nat. Benzole Assoc. 
1926, p. 97 ; V. Voorhees and J. 0. Eisinger, 
J. Soc. Automotive Eng. 1929, '24, 584 ; E. B. 
Htmn, H. G. M. Eischer and A. J. Blackwood, 
ibid. 1930, 26, 31 ; S. P. Marley and W. A. Gruse, 
Ind. Eng. Chem. 1932, 24, 1298), and (2) that 
the deterioration and gumming of the fuel prior 
to its use in an engine can be prevented by the 
addition of very small quantities of certain sub- 
stances, such as phenols and aromatic amines. 
These conclusions were supported -by large-scale 
storage tests and fleet trials (Repts. of Research 
Committee, Nat. Benzole Assoc. 1927-30; 
W. H. Hoffert and G. Claxton, Fuel, 1930, 9, 
359, 440, 476). 

The use of such substances enabled the drastic 
refining treatment hitherto found necessary .to be 
considerably reduced or almost entirely elimi- 
nated, thus not only effecting considerable 
economies in the expense of reagents, etc., but 
also avoiding the destruction of material having 
valuable anti-knock properties. These advant- 
ages have led to the wide use of gum-inhibitors 
in connection with the production of cracked 
petrols, benzoles and other motor fuels con- 
taining unsaturated hydrocarbons. 

General Nature of the Gumming Process. 
— When motor fuels containing unsatmated 
hydrocarbons are stored, ' the non-volatile 
material, known as gum, is produced at a rate 
depending both on the nature of the fuel and the 
conditions of storage. There is often a pre- 
liminary period when the rate of gum formation 
is small, followed by the production of gum at 
an increasing rate. At first the gum remains 
dissolved in the fuel, but when the saturation 
limit, which varies considerably with different 
fuels, has been reached, the gum separates out. 

The gumming process is accompanied by a 
marked fall in the anti-knock properties of the 
fuel. E. W. J. Mardles and H. Moss (J. Inst. 
Petroleum Tech. 1929, 15, 657 ; see also J . C. 
Morrell, 0. D, Lowry, 0. G. Dryer and G. Egloff, 
Ind. Eng. Chem. 1934, 26, 497) have attributed 
tbis to (1) fouling of the interior of the engine, 
(2) the presence of peroxides (see below) which 
are strong knock-inducers, and (3) the partial 
removal of hydrocarbons of high anti-knock 
value. Gum formation is also often associated 
TOth an increase in colour, although this is. by 
no means a definite indication of gumming. 
Thus, extensive gum formation occurs in some 
motor fuels without any noticeable deterioration 
of colour, whereas with other fuels increase in 
colour occurs with practically no increase in 
gum content (B, T. Brooks, ibid. 1926, jI8, 
1198; Rept. of Research Committee, Nat. 
Benzole Assoc, 1926, p. 41). 

It has now been definitely established, that 
gum formation does not 'occur in the absence of 
air, and it is generally agreed that it is primarily 


an air-oxidation process, i.e. the polymerisation 
reactions giving rise to the formation of gum are 
initiated by oxidation. 

As early as 1918, B. T. Brooks and I. Hum- 
phrey (J. Amer. Chem. Soc. 1918, 40, 822) 
suggested that the diolefins rather than the 
mono -olefins were the ehief cause of gum for- 
mation. B. T. Brooks, “The Non-Benzenoid 
Hydrocarbons,” New York, 1922, p. 427, also 
drew a parallel between the oxidation of pinene 
and of unsaturated petroleum oils, and advanced 
the view that the first step in the production of 
gum from cracked petrols is the formation of 
peroxides of the diolefins, which break up -with 
the formation of aldehydes, ketones, water and 
carbon dioxide, and yield organic acids on further 
oxidation. The pale yellow fluid gum formed 
from cracked petrols on exposure to air consists 
mainly of organic peroxides, aldehydes and 
ketones, whilst the resin that remains after 
prolonged evaporation consists largely of resin 
acids. N. A, C. Smith and M. B. Cooke (U.S. 
Bur. hlines Rept. Invest. 1922, No. 2394) 
similarly concluded that (1) gums are caused by 
oxidation, but have no relationship to the un- 
saturation as determined by sulphuric acid 
absorption, and (2) gums are polymerised 
aldehydes formed by olefin oxidation. 

That diolefins which readily form peroxides are 
mainly, although not entirely, responsible, has 
been confirmed by D. T. Flood, J. W. Hladky 
and G. Edgar (Oil Gas J. 1930, 29, No. 18, 
40; Ind. Eng. Chem. 1933, 25, 1234) and by 
H. A, Cassar {ibid. 1931, 23, 1132 ; see also P. N. 
Kogerman, Trans. Second World Power Conf. 
(Berlin), 1930, 8, 33), who have compared the 
relative stabilities of various pure unsaturated 
hydrocarbons, and by S. M. Martin, Jr., W. A. 
Gruse and A. Lo-vTry (Ind. Eng. Chem. 1933, 25, 
381) who found that when diolefins were re- 
moved firom cracked petrols by maleic anhydride, 
by sulphuric acid or by partial hydrogenation, 
gum was no longer formed. 

The connection between peroxides and gum 
formation has since been emphasised by L. G. 
Story, R. W. Provine and H. T. Bennett {ibid. 
1929, 21, 1079). J. A. C. Yule and C. P. Wilson 
{ibid. 1931, 23, 1254), E. W. J. Mardles and H. 
Moss {I.C.), G. Egloff and his co-workers {ibid. 
1934, 26, 497, 655, 885; 1936, 28, 465), and 
other investigators. Peroxides can be detected 
at a very early stage of oxidation at which no 
aldehyde or acid and practically no gum is to 
be foimd. The rate of formation of peroxides 
accelerates 'vith time. Gum is formed in con- 
siderable amounts as soon as much peroxide is 
[present, and before the formation of any 
^ appreciable amounts of aldehydes or acids, which 
appear therefore to be secondary reaction pro- 
ducts. According to Y'ule and Wilson there is a 
relation between the gum content and “per- 
oxide number ” of cracked petrols. 

Although the general character of the gumming 
process is now well established and there is strong 
evidence that the first step is the formation of 
organic peroxides, the mechanism of the further 
reactions finally leading to the formation of gum 
is stiU obscure. Since the general nature of the 
process is one of oxidation, it is to be expected 
that under normal storage-conditions gumming 
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will depend on the accessibility of air to the fuel. 
It is also influenced by a number of other factors, 
such as temperature, actinic light, material of 
the containing vessel, and the presence of sub- 
stances which may either promote or retard the 
reactions involved. 

Action of Gum-Inhibitors. — ^Any peroxides 
and gum already present in a raw motor spirit 
are removed during fractional distillation, which 
is usually an essential feature of any refining 
process. Thereafter, formation of peroxide and 
gum may recommence immediately or, as 
already stated, there may be a short delay or 
“ induction period ” before gumming com- 
mences. The effect of adding an inhibitor is to 
cause a very prolonged induction period before 
oxidation commences, apparently by preventing 
the initial formation of peroxides as postulated 
by C. Moureu and 0. Dufraisse (Chem. Rev. 
1926, 3, 113) for antioxidants in general. 
During this period the further reactions leading 
to the formation of gums, to darkening in colour 
and to fall in anti-knock value are suppressed. A 
very rvide range of organic compounds has been 
found to be capable of prolonging the induction 
period, some being much more effective than 
others. The most efiicient are those containing 
a phenolic group, and the property appears to be 
possessed to the greatest degree by substances 
that are themselves readily oxidised. 

Gum-inhibitors do not prevent gum for- 
mation indefinitely, they only delay the com- 
mencement • of the process. However, since 
efiicientgum-inhibitors in suitable concentrations," 
which may vary fro'm one-thousandth to a few 
himdredths of 1%, are capable of prolonging the 
induction period under normal storage-conditions 
for many months, or years, this is not of any 
practical consequence. 

Gum Tests. — ^In connection with the study 
and application of inhibitors, it is necessary to 
consider the tests available for determining the | 
quantity of gum in a fuel at any particular time, 
i.e. the so-called preformed or existent gum, and 
those used for determining the tendency of a 
fuel to form gum on further storage, i.e. the 
so-called potential gum. Clearly, the relative 
tendency of fuels to form gum can be determined 
by storing them for a definite period and then 
determining the existent gum. Such storage 
tests, however, take too long to be of practical 
use, and it has been fmmd necessary to devise 
much more rapid laboratory tests. 

(i) Determination of 'Existent Gum. — ^Numerous 
tests have been suggested for this purpose, all 
of them involving evaporation of the fuel under 
defined conditions and measurement of the non- 
volatile residue. The chief difficulty has been 
to prevent further oxidation and gumming of 
the fuel during evaporation. Clearly', the 
method of evaporation that gives the lowest 
result will approximate most closely to the true 
gum content of the fuel. 

The earliest tests consisted of merely allovung 
the fuel to evaporate from a glass or copper 
dish heated on a boiling-water bath (lOO^C.). 
Sometimes the gum obtained in this way was 
subsequently “ dried ” by further heating at a 
higher temperature. It was found, however, 
that further gumming occurred during the tests. 
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I particularly with fuels containing high-boihng 
constituents. Moreover, with certain fuels the 
copper apparently catalysed the formation of 
gum {see below). N. A. C. Smith and M. B. 
Cooke (U.S. Bur. Mines Rept. Invest. 1922, 
No. 2394 ; M. B. Cooke, ibid. 1925, No. 2686) 
proposed a steam-bath method and porcelain 
dishes to eliminate these effects. Attempts were 
also made to simidate engine-manifold conditions 
by subjecting the fuel to flash evaporation (W. S. 
Norris and F. B. Thole, J. Inst. Petroleum Tech. 
1929,-15, 681), or passing the vaporised air-fuel 
mixture over a hot plate (E. B. Hunn, H. G. M. 
Fischer and A. J. Blackwood, J. Soc. Auto- 
motive Eng. 1930, 26, 31). Methods involving 
vacuum distillation were also tried (W. Little- 
john, W. H. Thomas and H. B. Thompson, J. 
Inst. Petroleum Tech. 1930, 16, 684 ; and 0. C. 
Bridgeman and E. W. Aldrich, J. Soc. Auto- 
motive Eng. 1931, 28, 191). All these methods 
have now been superseded by “ air-jet tests.” 
These have been developed from a procedure 
originally proposed by Hunn, Fischer and 
Blackwood, which consisted in allowing a stream 
of air to impinge on the surface of the fuel 
during evaporation on a water bath. Under 
these conditions the fuel evaporates much more 
rapidly and further oxidation is almost entirely 
eliminated, no perceptible differences being 
observed when the air is replaced by nitrogen or 
carbon dioxide. "Various modifications of the 
original method, in which higher temperatures 
are employed and the air is preheated, have been 
suggested (M. J. Mulligan, W. G, LoveU and 
T. A, Boyd, Ind. Eng. Chem. [Anal.], 1932, 4, 
351). A conventional air-jet test has now been 
adopted tentatively as a standard by the Insti- 
tute of Petroleum in Great Britain (“ Standard 
Methods of Testing Petroleum and its pro- 
ducts,” 1935, p. 206) and a more elaborate 
method employing a hot air-jet, by the American 
Society for Testing Materials in the U.S. A 
{“ A.S.T.M. Standards on Petroleum Products 
and Lubricants,” 1939, p. 150). 

(ii) Determination of Potential Gum. — 
Numerous tests have similarly been devised for 
determining potential gum. Practically aU of 
them, although differing in the conditions used, 
depend on the same principle, viz., intensifying 
the conditions of oxidation. In some of the 
tests, the gum formed during a definite period of 
oxidation is measured, in others the length of the 
induction period, as indicated by oxygen 
absorption. 

The earhest test, which was first developed as 
a test for corrosion, involved evaporating the 
fuel from a poHshed copper dish. The copper 
was considered to catalyse the formation of 
gum. Subsequently, further work cast con- 
siderable doubt on the significance of the results, 
since they were often at variance with those of 
engine and storage tests (Rept. of Research 
Committee, Nat. Benzole Assoc. 1926, pp. 41 et 
seq.; V. "Voorhees and J. 0. Eisinger, J. Soc. 
Automotive Eng. 1929, 24, 584; and E. B, 
Hunn, H. G. M. Fischer and A. J. Blackwood, 

I.C.). 

A test which has been standardised inter- 
nationally for benzoles (TV. H. Hofifert and G. 
Claxton, Gas J. 1932, 200, 494; Nat. Benzole 
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Assoc. “ Standard Specifications for Benzole 
and ^lied Products,” 1938, p. 109) consists in 
bubbling oxygen througb the fuel Tvbilst it is 
heated at 100°C. in a flask with reflux condenser, 
the gum formed during a definite period being 
finally determined. This test, however, is tux- 
suitable for highly volatile fuels owing to loss of 
fuel in the oxygen stream. For petrols, a better 
procedure, and one which is particularly suitable 
for the study of inhibitors, is that originally 
proposed by V. Voorhees and J. 0. Eisinger 
(J. Soc. Automotive Eng. 1929, 24, 584) and 
recommended by T. H. Rogers, J. L. Bussies 
and P. T. Ward (Ind. Eng. Chem 1933, 25, 397). 
It consists of heating the fuel tvith oxygen in a 
flask in a steam bath (fig. 1) and observing the 


rate at which oxygen is absorbed, by means 
of a manonieter connected to the flask. In this 
way the induction period is measured or, if 
desired, the gum content of the fuel may also 
be determined after a defim’te period of oxida- 
tion. Numerous tests have also been devised 
in which the fuel is heated under pressure with 
oxygen in a metal bomb (E. B. Hunn, H. G. M. 
Fischer and A. J. Blackwood, l.c. ; E. W. 
Aldrich and N. P. Robie, J. Soc. Automotive 
Eng. 1932, 30, 198 ; 0. C. Bridgeman, Oil Gas J. 
1932, 31, No. 3, 55 ; G. EglofiF, J. C. MorreU, C. D. 
Lowry and C. G. Diyer, Ind. Eng. Chem. 1932, 
24, 1375; J. W. Ramsay, tdid. 1932, 24, 539; 

B. P. Ward, Oil Gas J. 1932, 31, No. 12, 16 ; 

C. Wiiming and R. M. Thomas, Ind. Eng. Chem. 



1933, 25, 511; W. H. Thomas, Proc. World 
Petroleum Congr. 1933, 2, 122), the size of bomb, 
material, quantity of fuel and technique, how- 
ever, varying considerably. 

The standard test adopted tentatively by the 
Institute of Petroleum in Great Britain consists 
in heating the fuel with air in a flask immersed 
in a steam bath for a definite time, and subse- 
quently determining the existent gum (“ Stan- 
dard Methods for Testing Petroleum and its 
Products,” 1935, p. 208). The A.S.T.M. have 
standardised tentatively a metal bomb test, in 
which the induction period is measured, as in 
the Voorhees and Eisinger test, by a recording 
manometer (“ A.S.T.M. Standards on Petroleum 
Products and Lubricants,” Committee D.2, 1939, 
p. 153), 


Correlation of these tests with actual storage 
tests has proved extremely dilBcult, and only 
■a rough relationship has been estabh'shed (W. H. 
Hofiert and G. Claxton, l.c . ; T. H. Rogers, J. L. 
Bussies and P. T. Ward, l.c. ; C. G. Brj’^er, J . C. 
Morrell, G. Egloff and C. D. Lowry, Ind. Eng. 
Chem., 1935, 27, 15 ; “ A.S.T.M. Standards on 
Petrolemn Products and Lubricants,” Com- 
mittee D.2, 1939, p. 9). Hence it is advisable 
to check any conclusions dravm fi-om them by 
actual storage tests. Moreover, owing to the 
fact that it is impossible to cover in a single test 
the many storage conditions used in practice, it 
is desirable to allow a high factor of safely with 
reward to the stabihty requirements of motor 
fuels. 

A further limitation with regard to potential 
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gum tests has been pointed out by E. W. J. 
M.ardles (Proc. World Petroleum Congr, 1933, 
2, 57, 116). At the high temperature used 
(iOO°C.) the relative efficieneies of mhibitors 
may differ considerably from their relative 
efSciencies under normal storage-conditions. A 
substance may even exhibit practically no in- 
hibiting effect under the conditions of a potential 
gum test, although quite effective at atmospheric 
temperatures. An example of this is afforded 
by liydroquinone, 'which has little or no in- 
hibiting effect under the conditions of a bomb 
test (G. Egloff, J. C. Morrell, C. D. Lo^vry and 
C. G. Dryer, Ind. Eng. Chem. 1932, 24, 1376), 
but is quite effective under normal storage-con- 
ditions. Eor this reason Mardles prefers in- 
cubation tests on samples of the fuel at 36°C. 
to oxidation tests at 100°C. However, most of 
the substances that give rise to these anomalies 
have only feeble inhibiting power, and no 
examples appear to have been reported in which 
the converse occurs, the substance having a much 
lower inhibiting effect than that indicated by 
potential gum tests. 



Fig. 2. 


Effect of Concentration of Inhibitor. — 
As already mentioned, the effect of adding an 
inhibitor to a motor fuel containing unsaturated 
hydrocarbons is to cause an induction period 
before gum is formed on storage or under the 
conditions of potential gum tests. Typical 
results are sho^vn in figs. 2 and 3. 

With an cfiicient inhibitor in low concentra- 
tion in a moderately unstable fuel, the increase 
in the induction period, as indicated by oxygen 
absorption, is directly proportional to the con- 
centration of inhibitor. Typical results due to 
T. H. Rogers and V. Voorhecs (ihkl. 1933, 25, 
520) are given in fig. 4. With very unstable 
fuels, however, or when high concentrations of 
inhibitors of low efficiency are used, considerable 
deviations from this- simple relationship are 
found (Du Pont do Nemours & Co., “ GasPline 
Antioxidants,” Tech. Bull. No. 4). Thus, when 
the induction period is plotted against the in- 
hibitor concentration, a curve is obtained which 
may become horizontal. In other words, further 
addition of inhibitor gives no increase in in- 
duction beyond tiffs point, and it may be entirely 
impossible. to obtain a satisfactory induction 
period. 

If the induction period is measured with respect 


to gum, it is often found that a small amount of 
gum is formed during the induction period, 
either from the fuel itself or from the inhibitor, 
by secondary reactions. IMoreover, the inhibitor 
may be non-volatile, thus increasing the residue 
left on evaporation (W. H. Hoffert and G. 




Fig. 3. 


Claxton, J.S.O.I. 1933, 52, 26T). Hence the 
problem of determining the amount of inhibitor 
to use in practice resolves itself into cither (1) 
a potential gum test to determine the quantity 
of inhibitor that Avill give a required induction 
period, e.g. 400 minutes by the Voorhecs and 
Eisingcr test, vdffch is claimed to bo equivalent 



to a storage life of about 1 year under temperate 
climatic conditions, or (2) determination of the 
concentration of inhibitor that will reduce to, 
e.g. 10 mg. per 100 ml., the quantity of gum 
formed during a definite time of oxidation in 
a potential gum test. Whep ejtber of these 
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methods is applied, it is found that the con- 
centration of inhibitor required varies con- 
siderably according to the particular substance 
used, and also according to the character of the 
fuel to which it is added. 

Relation of Chemical Composition and 
Inhibiting Power.— Data concerning the re- 
lative inhibiting efBcicncies of various organic 
compounds have been published by G.'Egloff, 
J. C. ilorrell, C. D. Lovvy and C. G. Diyer 
{l.c. ; Proc. World Petroleum Congr. 1933, 2, 
oO ; see also G. Egloff, W. P. Faragher and J. C. 
Morrell, Eefiner, 1930, 9, No. 1, 80), T. H. Rogers 
and V. Voorhees (Ind, Eng. Chem. 1933, 25, 620 ; 
Oil Gas J. 1933. 32, No. 11, 13; Proc. World 
Petroleum Congr. 1933, 2, 63) and other investi- 
gators. The method usually adopted has been 
to compare the increase in the induction period, 
determined wdth respect to ox 5 'gen absoiption, 
when the same concentration of the various 
compounds has been added to different portions 
of the same fuel. Unfortunately, the actual 
concentrations of the added substances, the 
types of fuel and the conditions of oxidation 
used by different investigators have varied con- 
siderably. Moreover, oving to the fact that the : 
relationship between concentration and the 
induction period may not be linear, it is not 
always safe to reduce the results to the same 
concentration of the added substance. 

Some observers have merely compared the 
quantities of gum obtained ivith a single con- 
centration of the various substances after a fixed 
time of oxidation. Since the relative quantities 
of gum will differ considerably, depending on 
whether this time is longer or shorter than the 
induction period, such results give little or no 
indication of relative inhibiting power. 

Further difiiculties have arisen owing to the 
instability of the base fuels and to differences in 
the stability of distillates from the same stock 
of raw material, since T. H. Rogers and V. 
Voorhees (Oil Gas J. 1933, 32, No. 11, 13) have 
shown that the relative effectiveness of in- 
hibitors depends to a certain extent on the 
initial stability of the fuel used. Thus it is not 
surprising that widely different relative effi- 
ciencies have been reported, and that there is 
disagreement as to whether certain substances 
have any inliibiting effect. However, certain 
conclusions can be drawn as to the types of com- 
pounds that are most effective, and a number of 
generalisations have been brought to light with 
regard to the effects of the introduction of sub- 
stituent groups into different classes of organic 
compounds. The effect of substitution is im- 
portant not only because it indicates the direction 
in which improvement in inhibiting efficiency 
may be made, but also because it influences the 
solubility relationships of inhibitors wth regard 
to motor fuels and w'ater, which are important 
under practical conditions (see below). 

There is general agreement that phenols and 
aminophenols are by far the most effective 
classes of organic compounds. Certain aromatic 
amines have high inhibiting efficiencies. On the 
other hand, aliphatic alcohols and aliphatic 
amines have little or no inhibiting effect. 

(i) Phenols . — ^Data on phenolic compounds are 
given in table I — A. It will be noted that 


phenol has only moderate inhibiting action under 
the conditions used. The inhibiting property 
of tho hydroxyl group, howover, is intensified 
by the introduction of alkyl groups into the 
ortho- or para-positions, whereas these have 
httle-or no effect when introduced into the meta- 
position. Thus, the orlho- and para-cresols are 
considerably more effective than phenol, whilst 
meta-cresol has only about the same efficiency. 
Two alkyl groups are considerably more effec- 
tive than a single group. Again they are most 
effeptive wffien they are in the ortho- and para- 
positions to the hydroxyl group. This superiority 
of an ortho- or para-substituted compound over 
the meta-compound has also been encountered 
in a number of other series. On the other hand, 
the substitution of the hydrogen in the hydroxyl 
group by an alkyl group, e.g. anisole and phene- 
tolc, causes entire loss of inhibiting properties. 

When additional hydroxyl groups are intro- 
duced into a phenol, the inhibiting action is 
increased. As with alkyl radicals, a hydroxyl 
group in the ortho- or para-position is much 
more effective than one in the meta-position. 
Catechol, for example, has powerful inhibiting 
properties, whereas resorcinol is only slightly 
more effective than phenol. Again, pyrogallol 
is one of the most powerful inhibitors known, 
whereas phloroglucinol, in whieh the hydroxyl 
groups are in the meta-position to one another, 
is far less effective. 

The ethers of polyphenols have no inhibiting 
effect, but the presence of both an ether group 
and a hydroxyl group in the same molecule, e.g. 
eugenol and guaiacol, confers moderate in- 
hibiting properties. 

Among hydroxynaphthalene compounds, a- 
naphthol is verj^ effective, whilst the ^-compoimd 
is much less so. This difference may be com- 
pared -with the effects of ortho- and meta- 
substitution in the phenols. l:5-Dihydroxy- 
naphthalene is a powerful inhibitor. 

In general the introduction of a nitro-group 
into a phenol decreases inhibiting efficiency, as 
illustrated by the fact that nitrophenol is less 
effective than phenol. The introduction of a 
nitroso group,, however, increases the effect, 
p-nitrosophenol being a highly effective inhibitor. 

(ii) Amines . — As a class, the aromatic amines 
are not so effective as the phenols or amino- 
phenols (table I — ^B). Aniline and the tolui- 
dines have only feeble inhibiting action. The 
diamines and secondary amines, however, are 

I considerably more powerful. a-Naphthylamine 
has moderate inhibiting properties, but the ^- 
compoimd is much less effective, a relationship 
similar to that exhibited by the naphthols. 

(iii) Aminophenols . — ^An amino-group in any 
position in a compound containing a phenolic 
hydroxyl group increases inhibiting power, the 
effect again being usually most marked when the 
amino-group is in the ortho- or para-position 
(table I — C). The replacement of one of the 
amino-hydrogens also results in a considerable 
increase in inhibiting effieienej^ but when both 
hydrogens of the amino-group are replaced, as 
in p-benzalaminophenol, the activity falls off 
considerably. This substitution in the amino 
group has also been used to increase the 
solubility of aminophenols in motor fuels. 



INHIBITOES, GUM. 475 

Table I. — Increase in Indeotion Period (RIin.) Oaesed by Addition oe 0-01% oe 

Varioes Sebstances. 


Reference. 


Test. 


Fuel. 


A — ^Aromatic Hydroxy-Comeoends 

Monohydroxy- 
Phenol . 
o-Cresol 
TO-Cresol 
2?-Cresol 
Tricresol (tecli.) 

Butylphenol (o- and p-) 
feri-Butylphenol (o- and p-) 
Butylcresol .... 

4- Hydroxy-l:3-diiaetliylbenzene 
2-Hydroxy-l:3-dimetliylbenzene 

5- Hydroxy- l:3-dimetbylbenzene 
4-Hydroxy-l:2-dimetbylbenzene 

2- Hydroxy-l:4-dimetbylbenzene 
o-Benzylpbenol 
^)-Benzylpbenol 
^j-Pbenylpbenol 
^-cycZoHexylphenol . 

3- MethyI-4-benzylphenol 

4- Metbyl-2-benzylpbenol 

Tbymol . . . 

Carvacrol . 

2- Hydroxy dipbenyl 

3- Hydroxy dipbenyl 
^j-Nitrosopbenol . 

Polyhydroxy- 
Catechol 
Eesorcinol . 

Orcinol . 

Hydroquinone . 

4- Butylresorcinol 
4-Hexylresorcinol 
4-Heptylresorcinol 
Tolubydroquinone 
PyrogaUol . 

Pbloroglucinol . 

3-Metbylcatecbol 
Butylcatecbol . 

Benzylcatecbol (mixed isomers) 
4:4'-Dibydroxydipbenyl 

Mono- and di-liydroxycyclic- 
a-Napbtbol ■ . 

/?-Hapbtbol 

l:5-Dibydroxynapbtbalene 
l:4-Dibydroxyantbraquinone 
1;5-Dibydr0xyantbraquinone 
Nitroso-)3-napbtbol . 


Wood tar phenols 


(G. Egloff, J. C. 

Morrell, 0. D. 
Lowry and C. G. 
Dryer i). 


U.O.P. Bomb 
test. 


Pennsylvania 
cracked petrol 
(induction period 
45 minutes). 


30 

90 

30 

165 

90 

150 

165 

375 

375 

210 

240 


255 

135 

15 

90 


2,355 

105 

105 

40 

315 

345 

255 

25 

2,140 

45 


2,205 

285 

1,660 


90 


(T. H. Rogers and 
V. Voorhees ®).* 


Voorhees and 
Bisinger test. 


Cracked petrol 
(induction period 
varied and given 
in brackets). 


3 (55) 

9 (55) 

.9 (55) 


40 (230) 


95 (335) 

<10 (230) 


690 (90) 


75 (55) 

170 (230) 

975 (90) 


500 (335) 


15 (55) 

120 (135) 


110 (115) 


(W. H. Hoffert, 
G. Claxton and 
E. G. Hancock 3).* 


Voorhees and 
Bisinger test. 


Benzole 

(induction period 
0 minutes). 


20 

100 


150 

20 


30 

30 


30 

110 


<20 

<20 


2,050 

210 

6,800 

3,400 

3,000 

1,550 

500 

710 

1,250 

<20 

<20 

260 


Ind. Eng. Chem. 1932, 24, 1375 ; Proc. 'World Petroleum Congr. 1933, 2, 50. 

3 Ind. Eng. Chem. 1933,25, 520; Oil Gas -T. 1933, 32, No. 11,13; Proc. 'World Petroleum Congr. 1933, 2, 63. 
3 Int. Conf. Benzole Producers, 1936, and impublished results. 

♦ Results at 0'01% of added substance calculated assuming linear relationship between induction period and 
concentration. 


























476 


INHIBITORS, GUJI. 


Tabli: I. — Ikckease iif Induction Peeiod (Min.) Caused b\^ Addition of O-Oiy or 

Vaeious Substances — continued. 


Bcfcrence. 

(G. Egloir, J. C. 
Morrell, C. D. 
Loivry and C. G. 
Dryer ^). 

(T. H. Rogers anc 
V. Voorhees ^)* 

(TV . H. HofTert, 
G. Claxton and 
E. G. Hancock ^)* 

Te.st. 

U.O.P. Bomb 

Voorhees and 

■Voorhees and 

test. 

Eisinger test. 

Eisinger test. 

Fuel. 

Pennsylvania 
craeked petrol 
(induction period 
45 minutes). 

Cracked petrol 
(induction period 
varied and given 

Benzole 

(induction period 


in brackets). 

0 minutes). 

B — ^Aromatic Amines 
Mono-amines 




Aniline 

0 

2 (55) 


o-Toluidine 

15 




w!-Toluidine 

15 




jj-Toliiidinc 

15 




Xylidine 

0 



- ■ - 

Dimethylaniline 

0 



— 

Ethyl-o-toliiidine 

0 

— 

— 

o-Nitro-aniline 

0 

— — 

- - - 

Diphenylamine 

60 

20 (55) 

— 

4-Aininodiphenyl 

0 

<20 

Polyamines 




o-Phenylenediamine 

405 

— 

— 

Mi-Phenjdenediamine 

120 

50 (55) 

— 

ji-Phenylenediamine 

915 

385 (55) 

810 

7n-Toluylenediaminc 

195 

— 

— 

^i-Aminodimetbylaniline 

590 

— 

— 

^-Aminodieth 3 daniline 

330 

— 

— 

^j^'-Diaminodiphenylamine .... 

900 



— 

Benzidine 

150 

6 (55) 

— 

o-Tolidine 

75 





2:4-Diaminodiphenjdamine .... 

835 

— 

— 

Dibutjdbenzidine 

— 

135 (90) 

— 

ji-Aminodiphenylamine 

— 

— 

2,250 

Napldhylamines 




a-Naphthylamine 

60 

17 (55) 

— 

^-Napbtbylamine 

30 

— 

— 

Ethyl-a-naphthjdamine 

120 

— 

— 

Phenyl-a-naphthylamine 

675 

— 



Phenjd-jS-naphthylamine 

150 

— 


C — ^AailNOPHENOES 




o-Aminopbenol 

1,275 

450 (55) 

— 

m-Aminopbenol 

285 

— 

— 

^-Aminopbenol 

2,295 

430 (55) 

— 

2:4-Diaminopbenol 

— 

800 (90) 

— 

2-Aniino-5-hydroxytoluene .... 

1,740 

— 

— 

2-Ainino-4-nitropbenol 

1,215 

1,745 (55) 

— 

7 j-Metbylaminopbenol 

— 

— 

ji-Benzjdatninophenol (“B.A.P.”) 

— 

1,100 (120) 

2,800 

^J-Phenylaminophenol 

— 

860 (120) 

■ 

p-Benzalaminopbenol 

— 

200 (80) 


Cinnamal-^i-aminophenol 

— 

150 (80) 


l-Hydroxy-2:6-dimethyl-4-aminobenzene . 
^-Dibenzylaminophenol (di “ B.A.PP) 

— 

— 

7,720 

— 

' 

l,o2U 

100 

4-Amino-4'-by(iroxydiphenyl .... 
4-Amino-)3-napbthol 

— 

350 (135) 


1 Ind Eng. Chem. 1932, 24, 1375 ; Eroc. ‘World Petroleum Congr. 1933, 2, 50. ‘ 

2 Ind. Eng. Chem. 1933, 25, 520 ; Oil Gas J. 1933, 32, No. 11, 13 ; Proc. World Petroleum Congr. 1933, 2, 03. 

2 Int. Conf. Benzole Producers, 1936, and unpublished results. T,of„.ooT, in,inpfinTi uprind and 

* Results at 0-01% of added substance calculated assuming hnear relationship between mduction penod ana 


concentration. 
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Table I. — Increase in Induction Period (Min.) Caused by Addition op 0'01% op 

Various Substances — continued. 


Reference. 

(G. Egloff, J. C. 
Morrell, 0. D, 
Lowry and C. G. 
Dryer ^). 

(T. H. Rogers and 
V. Voorhees **).• 

(W. H. Hoffert, 

G. Claxton and 

E. G. Hancock^).* 


D.O.P. Bomb 

Voorhees and 

Voorhees and 

XLbu* 

test. 

Eisinger test. 

Eisinger test. 


Pennsylvania 

Cracked petrol 


Euel. 

cracked petrol 
(induction period 

(induction period 
varied and given 

(induction period 


45 minutes). 

in brackets). 


D — ^Miscellaneous Compounds 




Anthracene 

0 

0 (125) 



Phenanthrene 

0 

0 (125) 

— 

Urea 

0 

2-5 (60) 

— 

Furfuramide 

— 

40 (90) 

— 

Aldol-a-naphthylamine 

— 

40 (55) 

— 

Phenylhydrazine 

195 

0 (55) 

— 

Benzalphenylhydrazine 

6 

0 (90) 

— 

Cinnamalphenylhydrazine 

— 

no (90) 

— 

Hydrazobenzene 

0 

2 (55) 

— 

yjp'-Diaminohydrazobenzene .... 

— 

420 (90) 

— 

y?-Aminoazobenzene 

— 

0 (90) 

100 

Diazoaminobenzene 

— 

— 

20 

p-Hydroxyazobenzene 

— 

0 (90) 

— 

Thiourea ' 

10 

5 (60) 

<20 

p-ThiocresoI (0-05%) 

0 

0 (90) 

— 

o-Thiodphenylamine 

1,395 

1'50 (135) 

— 

Nicotine . . ' 

0 

0 (90) 

— 

Brucine 



0 (60) 



8-Hydroxyquinoline 

— 

— 

120 

p-Hydroxypbenylmorpboline .... 

— 

— 

1 ,240 

Tirbutylamine 

0 


120 


^ Ind. Eng. Chem. 1932, 24, 1375 ; Proc. World Petroleum Congr. 1933, 2, 50. 

2 Ind. Eng. Chem. 1933, 25, 520; Oil G<as J. 1933, 32, No. 11, 13; Proc. World Petroleum Congr. 1033, 2, 03. 
® Int. Conf. Benzole Producers, 1936, and unpublished results. 

* Results at 0'01% of added substance calculated assuming linear relationship between induction period and 
concentration. 


jj-benzylaminophenol being one of the best 
nhibitors so far discovered. 

(iv) Compounds of Other Types. — Table I — ’D 
gives the results for a miscellaneous group of 
compounds, some of them of interest owing to 
patent claims for inhibiting properties. Aromatic 
nitro-compoimds have only slight action. 
Chloro-compounds are ineffective, but the intro- 
duction of a clilorine atom into an inhibitor 
molecule makes little change in its effectiveness. 
l;2-Naphthaquinone possesses inhibiting effect, 
but l;4-naphthaquinone and other quinones and 
ketones have little or no effect. Of a number of 
nitrogen compoimds, mostly cyclic, studied by 
Egloff, Only phenylhydrazino and 8-hydroxy- 
quinoline had inhibiting properties. Of the sul- 
phur compounds thiodiphenylamine showed 
marked inhibiting power. The thiocresols, 
however, were ineffective. The alkaloids have 
been reported as antioxidants, but Rogers and 
Voorhees found that they bad no effect. Of 
the hydrazines and hydrazobenzenes, only di- 
aminohj’-drazobenzene was effective. Certain 
dyes, e.g. indophenol, are quite effective (C. X). 
LonTj', G. Egloff, J. C. Morrell and 0. G. Dryer, 
Ind. Eng. Ohem. 1935, 27, 413 ; C. L. Gutzeit 


and Standard Oil Development Co., B.P. 385066 ; 
C. Winning, L. E. Sargent and J. E. Dudley 
and Standard Oil Development Co., B.P, 
383511). 

Hydrocarbon Standard for - Evaluating 
Inhibitors. — Since the publication of the data 
on relative inhibiting efficiencies, given above, 
a method of overcoming difficulties caused by 
changes in the base fuel has been proposed by 
C. G. Dryer, C. D. Lowry, G. Egloff and J. C. 
Morrell (Ind. Eng. Chem. 1935, 27, 315), who 
have described a standardised method of rating 
the efficiencies in terms of cyclohbxem, as a 
primary standard. The efficiency of an in- 
hibitor is expressed as a “ cyclohexene number, 
i.e. the number of minutes by which the induc- 
' tion period of cyclohexcne is increased by the 
addition of 0-002% of the inhibitor; It may be 
calculated from tests on reference petrols 
(secondary standards), the relationship of which 
to cyclohexene has been determined by standardi- 
sation with a-naphthol. Inhibitors with a low 
solubility in the standard petrols may be dis- 
solved first in an organic solvent, e.g. benzene or 
hexane, that does not affect the induction 
period. 
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Correlation of Inhibiting Action and 
Oxidation-Reduction Potential. — C. D. 
Lowry, G. EglofF, J. C. Morrell and C. G. Dryer 
{ibid. 1933, 25, 804) have drawn attention to the 
fact that the “ critical oxidation potentials ” of 
inhibiting substances can be correlated with 
their value as inhibitors, as determined by an 
accelerated oxidation test. The term “ critical 
oxidation potential ” introduced by L. E. Fieser 
(J. Amer. Chem. Soc. 1930, 52, 5204), is the 
potential at which the rate of oxidation of the 
reductant of an oxidation-reduction system 
becomes so small as to be just detectable. 

The correlation is shoAvn in table II for 
a number of aromatic hydroxy-compounds 
selected to cover a wide potential range and 
tested in equimolecular concentrations in a 
cracked petrol. It will be noted that as the 

Table II. — Compounds Containing 
Hydeoxyl Groups 


(0-00005 g.-mol, per 100 g. petrol.) 



Critical 

oxidation 

potential 

(volts).i 

Induction 

period 

(minute). 

Pennsylvania cracked 
gasoline alone . . . 


45 

ji-Nitrophenol . . . 

1-433 

45 

o-Nitroplienol . , . 

1-433 ' 

00 

m-Nitrophenol , . , 

M47 

00 

Phenol 

1-089 

00 

m-Cresol 

1-080 

90 

o-Cresol 

1-040 

120 

P-Cresol 

1-038 

165 

2-Hydroxy-l:4-dimethyl- 
henzene .... 

1-038 (Calc.) 

100 

4-Hydroxy-l:2-dimethyl- 
benzene .... 

1-03G (Calc.) 

150 

P-Hydroxydiphenyl . 

1-030 

150 

fi-Naphthol .... 

1-017 

255 

2-Hydroxy-l:3-dimethyl- 
henzene .... 

0-895 (Calc.) 

255 

4-Hydroxy-l:3-dimethyl- 
benzene 

0-895 

255 

Phloroglucinol 

0-799 

75 

a-Naphthol .... 

0-797 

1,920 

Catechol 

0-742 

1,890 

l;5-Dihydroxynaphtha- 
lene 

0-673 

1,380 

Hydroquinone . . . 

0-631 

135 

Pyrogallol .... 

0-009 

1,440 


^ Data from Ideser (J. Amer. Chem. Soc. 1930, 52, 
5204) except calculated values. 


potential decreases, the induction period leng- 
thens, shows a sharp peak between 0-800 and 
0-700 volt, and drops sh'ghtly at stiU lower 
potentials. The variations in induction period 
mth changes in structure, to which attention 
has already been drawn, are paralleled by similar 
relationships between oxidation potential and 
structure. Thus the superiority in inhibiting 
effect of ortho- or para-substituted compounds 
over their meta-isomers — shown by catechol 
over resorcinol or in the cresols and xylenols — 
is accompanied by corresponding differences in 
oxidation potentials. Similarly, the superiority 
of o- over ^-naphthol is related to the lower 
potential of the former compound. 

It will be noted that two of the compounds, 
phloroglucinol and hydroquinone, have shorter 
induction periods than would he expected from 


I their oxidation potentials. The weak inhibiting 
action of the former compound is possibly due 
I to its existence in the ketonic form (C. Moureu 
and C. Dufraisse, Compt. rend. 1922, 174, 258), 
whilst attention has already been draivn to the 
anomalous behaviour of hydroquinone in ac- 
celerated oxidation tests, this compound being a 
highly effective inhibitor abnormal temperatures. 

A similar relation between inhibiting action 
and critical oxidation potential was found with 
the amines. However, this relationship repre- 
sents a general trend, rather than an absolute 
index of inhibiting value. 

Colour Stability. — Certain inhibitors, as 
already mentioned, give rise to colour formation 
in motor fuels, particularly when exposed to 
h'ght. This colour formation, which usually 
increases with the concentration of the inhibitor, 
is probably due to “ parasitic ” reactions 
whereby the inhibitor is gradually destroyed 
during the induction period. It has been found 
that certain substances termed “ secondary 
stabilisers ” exert a protective or colour- 
stabilising action on gum-inhibitors. The ali- 
phatic amines, particularly the butyl- and amyl- 
amines appear to be the most effective (L. V. 



Sorg, Ind. Eng. Chem. 1935, 27, 156), and have 
been used for preventing colour formation in 
certain types of cracked petrol stabilised with 
a-naphthol or “ B.A.P.” (H. M. Steininger, ibid. 
1934, 26, 1039). The optimum amoimt varies 
from 0-002 to 0-004% by wt. regardless of the 
original colour of the petrol, larger quantities 
giving no additional improvement. The effect 
of substituent groups on the amines as colour 
stabilisers is shown in fig. 5. 

According to J. B. Bather and L. C, Beard 
(Oil Gas J. 1936, 34, Ho. 52, 209) the foUowing 
inhibitors have been used for preserving the 
colour of cracked distillates and kerosenes: 
thiocarbanilide, hydroquinone, resorcinol, cate- 
chol, pyrogallol, phloroglucinol, l:2:4-trAydr- 
oxybenzene, butylpyrogallol, alkyl-substituted 
polyhydroxybenzenes, ethanolamines, urea and 
thiourea. Many of these compounds possess the 
additional property of decolorising cracked 
petrols and kerosenes that have gone off coiom 
on storage. The usual procedure is to agitate 
the off-colour oil with a solution of the reagent 
in alcohol at the rate of 1 lb. of reagent to 
2,000-15,000 gallons of oil, according to tUe 

initial colour, - . , -x rruo 

Requirements for Gum- Inhibitors,— The 

various properties that have been stated 



479 


INHIBITORS, OHM. 


govern the suitability or otherwise of a sub- 
stance as a gum-inhibitor for motor fuels may 
be summarised as follows (P. G. Somerville and 
W. H. Hoffert, B.P. 289347, 1926; W. H. 
Hoffert and G. Claxton, Proc. World Petroleum 
Congr. 1933, 2, 69; T. H. Rogers and V. 
Voorhees, Ind. Eng. Chem. 1933, 25, 520; Oil 
Gas J. 1933, 32, No. 11, 13 ; C. G. Dryer, J. C. 
Morrell and G. Egloff, ibid. 1987, 35, No. 45, 
113, 116): 

(1) It should possess a high efficiency for per- 

forming its primary purpose — the stabili- 
sation of the fuel. 

(2) It should be soluble in the fuel at atmo- 

spheric temperatures to an appreciably 
greater extent than that required for 
effective stabilisation. 

(3) The quantity required, or its volatility, 

must be such that little or no residue is 
left when the fuel is evaporated. 

(4) It should be more soluble in the fuel than 

in water, so that it is not removed by any 
water the fuel may come into contact 
with during storage and distribution. 

(5) It should not of itself cause discoloration 

of the fuel and should inhibit discolora- 
tion in both light and daric storage. 

(6) It must not afect adversely the normal 

combustion of the fuel or lead to ob- 
noxious combustion products. 

(7) It should not cause the fuel to have any 

corrosive properties. 

(8) It should not be unduly volatile nor 
• possess any offensive odour, and should 

not be detrimental to tlio health of 
operators and workmen handling it. 

(9) It must be available in adequate com- 

mercial quantities at a reasonable cost. 

Owing to the fact that motor fuels are often 
stored in contact ■with water, the solubility of 
inhibitors in water is an important factor. The 
differences in the ease with whiijh certain in- 
hibitors are removed by water is sho'wn in 
table III, which gives the decrease in the in- 
duction .i)®riod caused by shaking benzole 
containing 0-01% by wt. of various inhibitors 
with water (W. H. Hoffert, G. Claxton and E. G. 
Hancock,' unpublished Jlept. Int. Conf. Benzole 
Producers, 1936). 

Table III. 



• Induction ])eriod, 
minutes per 0-01% of 
inhibitor. 

Inhibitor. 

1 

Before . 
washing 
with 
water. 

After 
washing 
with 4 vol. 
water. 

N-Benzyl-j)-aminopbcnol . 

2.800 

2, COO 

Catccliol ....... 


CO , 

N-Dibenzyl-p-aminouhenoi 

1,820 

1,500 

1 :5-Dihydroxynapbtlialene 

1,250 

520 

jj-IIydroxyphenylmorph- 
ollnc 

1,240 

210 

a-Kaphtliol 

730 

730 

Wood-tar distillate . . 


150 

1 - Hydroxy - 2.-G - dimethyl- 
benzene . . . . ‘ . 


150 

o-Crcsol 1 


90 


'Owing to these stringent requirements, only a 
relatively few compounds have been used 
commercially. 

For cracked petrols, catechol was one of the 
finst to bo tried, but was found to be too easily 
removed by water. a-Naphthol was more satis- 
factory in this respect, but tended to cause 
discoloration. Both these inhibitors were re- 
placed by mono- and ^J-dibenzylaminophenoI 
(Antioxidants Ltd. and Standard Oil Co. 
(Indiana), B.P. 350438) and certain wood-tar 
acids (Universal Oil Products Co., C. D. Lowry 
and C. G. Dryer, B.P. 410115; see also U.O.P. 
Booklet No. 224, 1938). woPropylmonomethyl-, 
monobutyl- and mono-isobutyl-derivatives of 
^-aminophenol have also been used recently 
(Kodak, Ltd., B.P. 503316, 503401). For 
benzoles and coal spirits, cresol (P. G. Somerville 
and W. H. Hoffert, B.P. 289347) has been used 
in Great Britain, as well as both cresol and 
catechol, whilst ^-benzylaminophenol has been 
used in the U.S.A. 

The following particulars with regard to 
j)-benzylaminophenol (“ B.A.P."), one of the 
best inhibitors so far developed, are of interest. 
It is produced commercially as an odourless, 
light-brown powder, melting between 84° and 
90°C. The quantities normally required for 
stabilising motor fuels _ vary from 0-0005 to 
0-005%. It is of high purity and less than 20% 
is insoluble in petrol or benzole. At 25°C. its 
solubility in anhydrous methanol is about 60%, 
and in 95% ethyl alcohol about 66%. It is 
soluble in water to about 0-06% at 25°C., whilst 
its solubility in petrols at this temperature varies 
from 0-1 to 0-5%, depending upon the nature of 
the petrol. It has a higher solubility in aromatic- 
typo spirits and dissolves in motor benzole at 
25°C. to the extent of .about 1-35%. Hence its 
distribution coefficient between motor fuels and 
water ranges from 1-7 to 22-5. Provided it is not 
used in excessive quantity, it does not discolour 
motor fuels in the absence of alkali, and generally 
improves their colour stability. 

The comparative effectiveness of “ B.A.P.” 
and a wood-tar distillate are illustrated by the 
following results (table IV), (V. Voorhees, Proc. 
IVorld Petroleum Congr, 1933, 2, 63). 

Table IV. 


ruel. 


Loiv SUibiliti/ Petrol 
Unstabillsctl 
S.A.P." 0 001% . . 

•‘P.A.P." 0-0025% . . 

AVood-tnr distillate 0-0025 
„ 0 - 01 %- 
,, ,, 0-05% 


Induction 

period 

(minutes). 


Ratio of 
amounts of 
inhibitor 
required to 
give 400 
minutes 
induction 
period. 


115 

285 

COO 

120 

225 

COO 


1 

r 


2I.-1 


Moderate SUibiliti/ Petrol 
Unstabliised . . . . 
"M.A.P." 0-001% . . . 

,, 0-0025% 

■Wood’-’tar distillate 0-005% 


275 

020 

930 

450 




10:1 
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Influences of Material of Containing 
Vessel and Suppression of Metal Cata- 
lysts. — ^Metals and metallic compounds have 
long heen recognised as oxidation catalysts. In 
paints and varnishes, for example, oxides and 
soaps of metals, particularly those possessing 
multiple valence states, are used as driers 
(W. M. MacKay and H, Ingle, J.S.C.I. 1916, 
35, 454 ; 1917, 36, 317 ; see also Deying Oils, 
Vol. IV, p. 916). The autoxidation by metallic 
catalysts of unsaturated hydrocarbons (R. 
WiUstatter and E. Sonnenfeld, Ber. 1913, 46, 
2952; R. Criegee, Annalen, 1930, 481, 263), 
of petroleum hydrocarbons (C. R. Wagner and 
•I. Hyman, J, Amer. Chem. Soc. 1930, 52, 4345; 
1931, 53, 3019) and of phenols (W. Treibs, 
Brennstoff-Chem. 1933, 14, 81) has also heen 
studied. Hence some effect of the material of 
the containing vessel on gum formation is to be 
expected. 

W. H. Hoffert and G. Claxton (Repts. Re- 
search Committee, Nat. Benzole Assoc. 1927, 
p. 128 ; 1928, p. 63 ; 1929, p. 58) have shown 
that, compared -with glass, copper containers 
reduce the quantity of gum formed from 
benzoles when phenols are absent (fig. 6), 
but increase gum formation in their presence. 
Iron and tin also appeared to reduce gum 
formation in the absence of inhibitors. Similar 
results were obtained when these metals were 
introduced into the flash in the N.B.A.^ oxidation 
test, or when gumming was promoted by the 
action of ultra-violet light. E. W. J. Mardles 
and A. Moss (J. Inst. Petroleum Tech. 1929, 15, 
657) have confirmed that copper and other 
metals can have an inhibiting effect on gum 
formation from cracked petrols during in- 
cubation tests at 35°C. Organo-metaUic com- 
pounds have also been patented as inhibitors 
for preventing the oxidation of lubricating and 
transformer oils (H. L. CaUendar, R. 0. King 
and E. W. J. Mardles, B.P. 295230, 1927; 
W. Helmore and E. W. J. Mardles, B.P. 398222, 
1932; E. A. Evans and C. C. Wakefield, B.P. 

1 National Benzole Association. 


267174, 1925). These results indicate that the 
effect of metals on the gumming of motor fuels 
depends on whether certain constituents other 
than hydrocarbons are present. Metals have a 
deleterious effect on inhibited motor fuels, 
causing a decrease in induction period both on 
storage and during potential gum tests. The 



decrease of induction period of inhibited benzoles 
caused by introducing strips of various metals 
(6-5 sq. in.) into the flask in the Voorhees ana 
Eisinger potential gum test is shown in table V 
(W. H. Hoffert, G. Claxton and E. G. Hancock, 
unpublished Bept. Int. Conf. Benzole Producers, 

Copper and rusty steel considerably reduced 
the.length of the induction period with most ot 


Table V 



Induction period (minute per 0-01%). 

Inhibitor. 

Glass. 

Copper. 

Zinc- 

Tin. 

Al. 

Clean 

.steel- 

llusty 

steel. 

Bust. 

P\’TOgallol 

“R.A.P.” 

Catechol 

di-“R.A.P.” .... 

p-Hydroxyphenyhnorph- 

oline 

l:5-I)ihydroxynaphthalene 
p-Phenylenediamine 
a-Naphthol ..... 
Wood-tar distillate 
l-IIydroxy-2;6-dimethyl- 

benzene 

o-Cresol 

6,800 

2,800 

2,050 

1,820 

1,250 

1,240 

810 

710 

260 

150 

100 

1,380 

780 

410 

800 

350 

280 

220 

180 

60 

90 

50 

2,840 

2,120 

1,320 

660 

360 

ICO 

90 

1,430 

1,230 

1,190 

590 

580- 

250 

120 

80 

1,770 

1,840 

10,60 

690 

710 

140 

80 

1,170 

1,320 

1,180 

1,000 

570 

360 

120 

90 

50 

80 

350 

120 

470 

560 

260 

70 

570 

70 

190 

90 

900 

200 

1,300 

400 

910 

90 

170 

100 
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the inhibitors. Zinc, tin and aluminium had 
only a minor effect. In general, monohydric 
phenols -were less affected than polyhydric 
phenols and amines. The effect of rust is im- 
portant, because most inhibited motor fuels are 
stored in mild steel or wrought-iron vessels 
Hydrated ferric hydroxide appeared to he the 
reactive component. In the tests with copper 
and steel, copper and iron could he detected in 
solution in the benzole at the end of the induc- 
tion period. The metal probably reacts with 
the inhibitor, thus reducing the quantity avail- 
able. Similar results were obtained when 
samples of inhibited benzoles were incubated 
at 35°C. in containers of different metals and 
the time to form 10 mg. of gum per 100 ml. of 
benzole was determined. 

These tests, carried out under much more 
drastic conditions than normal, indicate the 
direction in which the various metals, etc., 
affect inhibited motor fuels, rather than the 
extent, since experience has sho^vn that under 
normal storage conditions — Slower temperatures 
and larger ratio of volume to surface area — ^the 
effect of the material of the containing vessel 
is much less than indicated by laboratory-scMe 
tests. 

It has been claimed that certain compounds 
are capable of suppressing the effect of metal 
catalysts. According to Hanseatische Miihlen- 
werke A.-G. (B.P. 409353, 1932) phosphatides 
of animal or vegetable origin, e.g. lecithin, 
stabilise petrols in the presence of cobalt oleate, 
which normally acts as an accelerator. Petrols 
which have been treated with copper salts for 
removal of mercaptans are liable to contain 
traces of copper, the catalytic effect of which is 
not coimteracted by some of the usual inhibitors. 
According to F. B. Do'ivning, R. G. Clarkson and 
C. J. Pederson (OU Gas J. 1939, 38, No. 11, 97) 
the catalytic effect of the copper can be cotmter- 
acted by the addition of certain organic com- 
pounds (metal deactivators), e.g. disaUcylidene- 
ethylenediamine, which are effective in con- 
centrations as low as 5 parts per miUion. 

The greater difficulty experienced in applying 
inhibitors successfully to blended motor-fuels 
containing alcohols, such as are used in many 
continental countries (R. Weller, Oel u. Kohle, 
1934, 2, 527 ; Benzol-Verband, ibid. 1937, 13, 
935) is admittedly due to the greater tendency 
of such blends to become contaminated with 
metallic catalysts (W. H. Hoffert and G. Glaxton, 
14me. Congr. Chim. ind. Paris, 1934). 

Preliminary Treatment of the Fuel. — 
Although the direct addition of gum-inhibitors 
to some freshly-produced crude fuels stabilises 
them effectively, some mild preliminary treat- 
ment is usually necessary in order to obtain the 
best results. Moreover, treatment may be 
required for removing sulphur compounds, 
coloured and colour-forming, or malodorous 
constituents, etc. 

Many crude fuels already contain phenolic 
and other compounds with iuhibiting properties 
(W. H. Hoffert and G. Glaxton, J.S.C.I. 1933, 
52, 26T ; E. Vellinger and G. Radulesco, Gompt. 
rend. 1933, 197, 417 ; Ann. Off. nat. Gomb. Mq. 
1934, 9, 499 ; F. Sager, J. Inst. Petroleum Tech. 
1934, 20, 1044,- E. Field, F. H. Dempster and 
, Yon. YI.— 31 


G. E. Tilson, Ind. Eng. Chem. 1940, 32, 489). 
These, so-called “ natural inhibitors,” however, 
are usually far less effective than commercial 
inhibitors, and moreover, they may be present 
in excessive quantities and possess other dis- 
advantages indicated above. Accelerating im- 
purities, which are often present, are definitely 
objectionable, since the direct addition of 
inhibitors to such fuels may produce little effect 
or even increase gum formation. An example 
of the effect of accelerating impurities is given 
in fig. 7, showing the separate effects of in- 
creasing concentrations of cresol or thiophenol in 
a crude benzole, as well as the effect of adding 
increasing amounts of cresol to the benzole 
when it already contained a definite amount of 
thiophenol {0-015%) (W. H. Hoffert and 

G. Glaxton, Proc. World Petroleum Congr. 
1933, 2, 69 ; see also G. D. Lowry, C. G. Dryer, 
C. Wirth and R. E. Sutherland, Ind. Eng. Ghem. 
1938, 30, 1275). Hence both inhibiting and 
accelerating impurities should be removed from 



Fig. 7. 


the fuel as completely as possible during the 
preliminary treatment. 

(i) Cracked Petrols . — ^The following methods 
of treatment before addition of inhibitor are used 
(G. D. Lowry, C. G. Dryer, J. C. Morrell and 
G. Egloff, Oil Gas J. 1934, 33, No. 12, 8 ; W. B. 
Ross and L. M. Henderson, ibid. 1939, 37, No, 
45, 107 ; W. IV. Scheumann, ibid. 1939, 38, 
No. 25, 41) : 

(1) Production of cracked petrol directly 

from cracking unit, and sweetening, i.e. 
removal of mercaptans. 

(2) Light acid-treatment of raAV stock followed 

by redistilling and sweetening. 

(3) Splitting raw stock into a light and a heavy 

fraction, acid treating and redistilling 
the heavy fraction and sweetening the 
combined redistilled heavy and light 
fractions. 

(4) Clay -treating the raw' stock to polymerise 

only the most unstable constituents and 
sweetening (M. R. Mandelbaum, Proc. 
lYorld Petroleum Congr. 1933, 2, 21). 

When a preliminary vapour-phase clay treat- 
ment is given, it is possible to nm the clay much 
longer, giving a greatly increased yield. The 
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clay treatment removes colour, and polymeri- 
sation and removal of certain of tlie more active 
gum-forming constituents usually reduce con- 
siderably the quantity of inhibitor required 
(N. M. Steininger, Ind, Eng. Chem. 1934, 26, 
1039). 

(ii) Benzoles and Coal Spirits. — Eor these types 
of spirit, the preliminary treatment may consist 
of one of the following (W. H. Hoflfert and G. 
Claxton, J.S.C.I. 1933, 52, 25T; Proc. World 
Petroleum Congr. 1933, 2, 69) : 

(1) Treatment with (a) caustic soda for re- 

moval of phenols and (6) dilute sulphuric 
acid (10-15%) for removal of pyridine 
bases, etc., and redistilling. 

(2) Treatment with 75-80% acid, for removal 

of colour and colour-forming compoimds, 
and redistilling. 

(3) Treatment with fuller’s earth, clay or other 

adsorbent (V. Voorhees, Oil Gas J- 1935, 
34, No. 30, 36). 

When the sulphur content of the crude 
material is high, additional treatment for the 
removal of sulphur may be required. Carbon 
disulphide can be removed with negligible loss 
by (1) fractionation (Barbet column), (2) chemi- 
cal processes (e.p. methanol-soda or ammonium 
polysulphide processes). When high amounts 
of thiophen, sulphides or disulphides are present, 
treatment with stronger acid may be necessary. 

Effect of Peroxide Formation on In- 
hibitors- — ^Experience has shown that for 
maximum effectiveness, an inhibitor should be 
added to a fuel as soon after its preliminary 
treatment and redistillation as possible. If an 
unstable fuel is exposed to air without the 
addition of inhibitor, an inhibitor subsequently 
added is less effective. Some unstable fuels 
decrease in their response to inhibitors in a few 
days or even hours. 

The first indication of the deterioration of a 
motor fuel is the formation of peroxides, their 
concentration having a direct relationship to the 
effectiveness of an inhibitor (J- A. C. Yule and 
C. P. Wilson, Ind. Eng. Chem. 1931, 23, 1254). 
The deleterious effects of peroxides can be oflfset 
to some extent by increasing the amount of 
inhibitor. It is also possible to remove peroxides 
from some fuels and thus improve their “ in- 
hibitor response ” (C. G. Dryer, C. D. Lowry, 
J. C. MorreU and G. Egloff, ibid. 1934, 26, 885). 
If the fuel is kept longer, however, intermediate 
polymerised products or even gum may be 
actually formed, and it becomes impossible to 
stabilise the fuel effectively. 

Precautions and Methods of Adding Gum- 
Inhibitors (Du Pont Tech. Bull. No. 4, 1934). — 
Gum-inhibitors are of three physical "types: 
(a) liquids, which are readily miscible -with 
motor spirits ; (b) solids, which may be in the 
form of powder or granules; and (c) solutions 
of solids in inexpensive solvents, such as 
anhydrous methanol, cresylic acid, etc. 

In view of the small quantity of inhibitor 
required (0-001-0-05%), care must be taken to 
obtain thorough solution and uniform distri- 
bution throughout the fuel. 

In general, and regardless of whether the 
quantity of fuel to be treated is large or small. 


experience has shown that the most satisfactory 
results are obtained by batch addition, that is 
adding a definite quantity of inhibitor to a given 
quantity of fuel followed by agitation or chen- 
lation of the contents of the storage tank. This 
is trae whether or not the method of adding the 
mhibitor is of a proportioning type (see below). 

Liquids.— knj system that is suitable for 
blending miscible liquids may be used. For 
example, the inhibitor may be added directly 
to the fuel in a storage tank, and the contents 
are then agitated or circulated by pumping out 
at the bottom and into the top or into a second 
tank. Alternatively, the liquid inhibitor may 
be run from a stock tank by means of a propor- 
tioning pump or other device into a stream of the 
fuel immediately after distillation, as it is' 
delivered to a storage tank. 

Solids. — ^For small batches of fuel, the soh'd 
inhibitor may be introduced directly into the 
storage tank of freshly-prepared fuel. Small 
portions of the total quantity required are added 
at a time, and the contents of the tank are 
thoroughly agitated by circulation or other 
means between each such addition. Eor larger 
batches, the inhibitor can be added on the suc- 
tion side of the circulating pump, either in the 
form of a slurry with the fiiel, or by means of a 
suitable mechanical feeding device, to a stream 
of fuel as it is pumped to storage. For these 
methods, the quantity of solid added should be 
well below the maximum that will dissolve in the 
fuel. In the second method, the pipe line to the 
storage tank should be sufSciently long to pro- 
vide an opportunity for the inhibitor to dissolve 
in the fuel before reaching the storage tank. It 
is desirable to avoid solid inhibitor being carried 
into the tank, as it is difScult to agitate the con- 
tents sufSciently to pick it up again from the 
bottom. 

The best method of dissolving the solid in- 
hibitor in a fuel, when production is large enough 
to permit of more or less continuous operation, 
is to by-pass a stream of the fuel from a cir- 
culating pump upwards through a small tank 
containing the inhibitor and recirculating the 
fuel until all the inhibitor is in solution. A suit- 
able apparatus is shown in fig. 8. 

Solutions of Solids in Liquids. — ^These may be 
treated as already described for miscible liquids. 
Greater difficulty may be experienced, however, 
when using solutions owing to the fact that they 
contain materials that are sparingly soluble in 
the fuel. When such solutions are introduced 
into the fuel, precipitation of the inhibitor may 
occur initially, followed by re-solution in the 
fuel, and it is essential therefore that the solu- 
tion be added imiformly and accompanied by 
rapid agitation. The best method is to inject 
the solution into the main fuel stream at a high 
pressure by means of a proportioning device 
with a small orifice. 

The only other precaution necessary is to 
avoid leaving any residual alkali in the fuel to 
which the inhibitor is to be added, because, 
particularly with phenolic and aminophenolic 
inhibitors, it is apt to promote discoloration. 
This is probably due to the fact that the alkali 
catalyses the oxidation of the inhibitor, rrith the 
production of coloured secondary oxidation 
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products. Hence before adding inhibitors, all 
traces of alkali should be removed from the fuel 
by thorough washing with water or dilute acid. 
SimiJarly, when fuels are stored over water, the 


latter may be sufficiently alkaline to cause dis- 
coloration. In such cases it has been found 
beneficial to add to the water about 0-1% bj" wt. 
of sodium bisulphite or aluminium sulphate. 



Patents. — ^The following incomplete list of 
British patents, relating to the use of inhibitors 
for stabilising motor spirits against gum and 
colour formation, is indicative of the wide 
variety of compounds that have been protected. 
For a survey of the U.S. patent literature up to 
February, 1937, see J. H. Byers (Nat. Petroleum 
News, 1937, 29, No. 11, 157 ; No. 15, 58). Up to 


the end of 1938, about 150 patents relating to 
gum and colour stabfiisers for cracked petrols, 
benzoles, etc., had been issued in the U.S. A. Very 
few of the substances claimed, however, have 
been used commercially, and many of them 
appear to have little effect on the usual types 
of fuels and under ordinary conditions of 
storage. 


Patent 

ISO. 

Date. 

Patentee. 

Inhibitor covered. 

289347 

27.10.26 

P. G. Somerville and W. H. Hof- 
fert. 

Phenols and aromatic amines. 

312774 

30.4.28 

Standard Oil Co. 

Phenol, aromatic amine, urea or 
alkaloid. 

318521 

4.9.28 

W. K. Lewis ^Standard Oil De- 
velopment Co.). 

Aromatic amines, phenols and 
nitro-compounds, e.g. pyro- 
gaUol. 

319362-3 

21.9.28 

H. G. M. Fischer and C. E. Gustaf- 
son (Standard Oil Development 
Co.). 

Standard Oil Co. 

a-Naphthol, a-naphthylamine, etc. 

350438 

5.3.30 

Substituted aminophenol, e.g. 
p-benzylaminophenol. 

364533 

28.7.30 

J. Hyman and G. IV. Ayers. 

Catechol and N H , or organic sub- 
stituted ammonia. 

383511 

24.4.31 

C. Willing, L. E. Sargent and J. F. 
Dudley (Standard Oil Develop- 
ment Co.). 

Inhibitor and a coloured inhibitor, 
e.g. Indophenol Blue. 

385066 

21.11.30 

C. L. Gutzeit (Standard Oil De- 
velopment Co.). 

D^'es such as indophenols, oxa- 
zines, etc. 

388826 

9.6.31 

1 

W. S. Calcott and H. W. Walker 
(E. I. Du Pont de Nemours and 
Co.). 

fiec-Arj'lamine, e.g. NHPhg. 

394511 

26.10.31 

E. Ayres (Gulf Refining Co.). 

Oxidation product of a-naphthol. 

398219 

7.3.32 

F. B. Downing and H. W. Walker 
(E. I. Du Pont de Nemours and 

Amine salts of phenols. 



Co.). 

• 
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Patent 

No. 

Date. 

399733 

404033 

26.10.31 

8.7.32 

406195 

18.7.33 

406658 

8.9.31 

408229 

29.8.32 

409353 

410115 

417653 

28.10.31 
ri8.12.31\ 
1. 11.3.32/ 
30.3.33 

420371 

423938 

26.5.32 

10.8.33 

424582 

24.8.32 

430335 

7.12.32 

432121 

20.1.33 

444026 

24.1.34 

444585 

21.9.33 

444894 

459722 

26.9.34 

12.7.35 

459923 

18.7.35 

462593 

467056 

8.8.34 

6.9.35 

470072 

477745 

/ 5.2.36 \ 
t. 7.10.36/ 
25.4.36 

501844 

17.8.36 

503316 

3.4.37 

503401 

17.8.36 


Patentee. 


E. Ayres (Gulf Refining Co.). 

W. S. Calcott and H. W. Walker 
(E. I. Du Pont de Nemours and 
Co.). 

A. H. Stevens (Texaco Develop- 
ment Corpn.). 

E. Ayres (Gulf Refining Co.). 

F. B. Thole and W. H. Thomas 
(Anglo-Persian Oil Co., Ltd.). 

Hanseatische Mtihlenwerke A.-G. 

C. D. Low^ and C. G. Dryer (Uni- 
versal Oil Products Co.). 

E. W. J. Mardles and W. Helmore. 


J. W. Orelup. 

E. W. J. Mardles and W. Helmore. 
E. I. Du Pont de Nemours and Co. 
Wingfoot Corpn. 

E. I. Du Pont de Nemours and Co. 
E. V. Bereslavsky. 

E. I. Du Pont de Nemours and Co. 


Universal Oil Products Co. 
Universal Oil Products Co. 

Universal Oil Products Co. 

E. I. Du Pont de Nemours and Co. 
Wingfoot Corpn. 


I.G. Farbenind. A.-G. 

N. V. Nieuwe Octrooi Mij. 

Kodak, Ltd. 

Kodak, Ltd. 

Kodak, Ltd. 


Inhibitor covered. 


Peri-mono-oxjmaphthalene. 

N N ' - diarylguanidine salt of a 
higher fatty acid. 

C-alkylated polyhydric phenols. 

Mixed inhibitors, e.g. a-naphthol 
and NHPhg. 

Polyhydric phenol dissolved in 
cresol. 

Animal or vegetable phosphatides. 

Hardwood tar. 

Amino-compounds, e.g. urethanes, 
glycine with or without a 
phenol. 

Dinaphthylene oxide or perjdene. 

Derivatives of hydrazines or 
amines. 

^-HydroxjTphenylaminoaceto- 
nitrile and homologues. 

^j-Methjdamino-^'-aminodiphenjd 
ether, etc. 

Dihvdro.xynaphthalenes, e.g. 

l:iCioH6(OH)2. 

Pine oil treated with pyrogaUol. 


HO— R- 


— CH2\ 
M C 

XCHg— CHg/ 


R=arylene nucleus. 

Lignite tar fraction. 

Alkah-soluble fraction &om tar, 
preferably L. T, tar. 

Inhibition of one fraction of fuel 
only. 

^-Gyciohexylaminophenol. 

sec-Naphthjdamine, e.g. phenyl- 
or tolyl-a- or )3-naphthylamine, 
at least partly hydrogenated. 

Org. N compoimd and a phenol. 

Inhibitor after doctor treatment, 
alkali being removed by 
NaHSOg or Al 2 (S 04 ) 3 . 

80-85% N-alkyl-^-aminophenol 
and 20-15% N:N'-dialkyl-iJ- 
phenjdenediamine. 

Compounds of type 

RCHg-NHR'-OH, 
where R=alkyland R'=phenyl- 
ene with or without substi- 
tuents. 

Products from polyhydric phenols 
contaim'ng at least two OH 
groups in o-'or;p-positions, and 
primary or sec- alkyl-prim ary 
amine containing at least 4 C 
atoms. 


Bibliography.— K, W. Nash and D. A. Howes, leum,' 1938, Vol. IV, p. 3033. ^ticle J- 

“ The Principles of Motor Fuel Preparation and Mardles on Oxidants and Antioxidants m th 
Application,” 1935, Vol. II, p. 163 (Chap. XIH) : Petrole^ Indus^' ; K. C.^ 

The Formation, Estimation and Significance of tion of Chemical Reactions, 193/ (Ch^.^^- 
Gum in Motor Fuels ; “ The Science of Petro- 
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/NITIATORV explosives (v.Vol. IV, 

635a). 

INK. The word “ ink ” comes to ns through 
the Latin encaustum, the name given to the 
pigment used for colouring baked tiles, and it is 
significant of this origin that the Ancient 
Egyptians wrote in carbon ink on potsherds 
wliich were afterwards baked (Er. encre,; Ital. 
incMostro; Ger. Tinte). From this primary 
meaning the connotation of the word “ ink ” 
has been extended to include fluids that are 
employed for producing characters in writing or 
printing upon any material. 

Writing Inks. — The earh’est land of writing 
ink was Indian or Chinese ink (q.v.),.si solid 
preparation consisting of lampblack and glue. 
Liquid preparations containing carbon in 
suspension or colloidal form were afterwards 
introduced and were in use all over the world. 
In the West, carbon inks were gradually replaced 
by iron-gaU inks ; in this country the change 
occurred about the eighth or ninth century 
A.D. In the East, carbon inks are still in use, 
although in the principal cities, such as Cairo, 
they have practically disappeared. Lucas 
(Analyst, 1922, 47, 9) has published analyses of 
modern Egyptian carbon inks. 

Iron-Gall Inks. — ^As first made, about the 
eighth century a.d., these consisted of an in- 
fusion of crushed galls or other form of tannin, 
mixed with a solution of copperas and sufficient 
gum arabic to keep the resulting colloidal iron 
tanpate in suspension. Although spent tan- 
bark, sumach and other sources of tannin are 
sometimes used in the manufacture of ink, galls 
have been foimd to be the most suitable raw 
material for the purpose. 

Aleppo or nut galls contain from about 50-80% 
of gallotannin, with amounts of gallic acid vary- 
ing with the conditions of storage. Chinese 
galls usually contain about 60% of tannin (some- 
times as much as 76%). Myrobalans (used for 
copying inks) contains 40-50% of tannin. For 
analyses of different kinds of galls and other 
tannin-producing materials, see Mitchell (ibid. 
1923, .48, 2). Experiments made by Mitchell 
(Z.c.) point to the conclusion that the pyrogallic 
group is the tinctogenic agent in both gallo- 
tannin and gallic acid ; he has also shown (ibid. 
1903, 28, 146 ; 1920, 45, 126) that the groupings 
(three hydroxyl groups in juxtaposition) found 
by Schluttig and Neumann (“ Die Eisengal- 
lustinten,” Dresden, 1890, p. 16) to Lorm iron 
inks will also yield inks in which ammonium 
vanadate or osmium tetroxide replaces the iron 
salt. 

The tinctogenic value of galls or other sources 
of tannin thus depends upon the combined 
amount of gallotannin and gaUic acid. For this 
reason determinations of tannin by the standard 
gelatin method used by leather manufacturers 
do not afford a true criterion of the value of the 
product for ink-making. It is necessary also to 
take into consideration the gallic acid present, 
determined, c.g. by Mitchell’s colorimetric 
method (Analyst, 1923, 48, 2), in which the 
reagent consists of a solution of 1 g. of ferrous 
sulphate and 0-5 g. of sodium potassium tartrate 
in 100 ml. of water. The standard solution for 
the comparison consists of a solution of pure 


pyrogallol or gallic acid, and the total tinctogenic 
value of the substance under examination is 
expressed in terms of either pyrogallol or gaUic 
acid. The tannin in the original solution is then 
precipitated with quinine hydrochloride and a 
colorimetric comparison is made with the fil- 
trate ; the difference between this result and that 
originally found gives the amount of gallic acid. 

The old literature gives very divergent 
formula; for the relative amounts of galls and 
copperas to be used to obtain a permanent ink. 
Thus, Caneparius (“ De Atramentis,” 1660) 
prescribed 3 parts of galls to 1 of the iron salt, 
and Lewis (“ Commercium Philosophico-tech- 
nicum,” 1763, p. 377) agreed with this. Other 
proportions recommended were 4:1 (Eisler, 
1770), 5:1 (Reid, 1827), 1-5:1 (Brande), 2-4:1 
(Ure), etc. All these proportions were obtained 
empirically with galls which probably con- 
tained very different proportions of tannin, and 
by methods in which differe'nt amounts of tannin 
were dissolved. But after allowance has been 
made for these factors, the balance of opinion 
is in favour of a proportion of about 3 parts of 
galls to 1 part of ferrous sulphate (c/. Mitchell, 
“ Inks,” 4th ed., C. Griffin & Co., London, 
1937, p. 127). 

This conclusion is supported by the experi- 
ments of Schluttig and Neumann (op. cit., p. 44) 
and of Mitchell (Analyst, 1920, 45, 255) on the 
composition of the insoluble iron tannate formed 
on exposing a solution containing gallotannin 
and ferrous sulphate to the air. The deposits 
yielded from 7-8 to 8-6% of ferric oxide (=5-5- 
6-6% of iron). The formula that agrees best 
with 5-5-6-6% of iron is that suggested by 
Schiff (Annalen, 1875, 175, 176) : 


Fee 

Feg 


\ 


(Cj4H0Oj)5 

^ 14 ^ 8^9 


In Mitchell’s experiments the ratio between 
the amounts of iron and gallotannin in the spon- 
taneously dried deposits was 1:16. This corre- 
sponds -with a ratio of 1:3-22 between the ferrous 
sulphate and gallotannin.^ Since, however, the 
amount of tannin varies with the substance 
employed, the table given on the next page will 
afford a guide to the approximate proportions 
of different tannin materials to be used with 
1 part of ferrous sulphate. 

A typical recipe for the manufacture of iron- 
gall ink of the old type is as follows .- galls 120, 
copperas 80, gum arabic 80, water 2,400, 
phenol 6 parts. 

The crushed galls are repeatedly extracted 
with water and the extracts are united and then 
mixed with the other ingredients. After mixing, 
the ink is allowed to mature in vats for severa 
months. 

Iron Salts for Inks. — ^Ferrous sulphate 
(copperas) has long been used as the most siutable 
salt for inlc-making, but ferric chloride is used for 
gallic acid inks, and ferric sulphate chloride, 
FeS 04 Cl, 6 H 20 (patented by Rohm and Haas 

For a discussion of the composition of the iron 
tannates formed wlien iron-gaii ink dries on paper, see 
Mitchell, ” Inks,” 4th ed., C. Grillin & Co., London, 
1937, 
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Tannin material. 

Contain- 
ing pure 
gallotan- 
nin per 
cent. 
(circa). 

Parts by 
weight 
required. 

Commercial gallotannic acid 

86 

3-8 

Aleppo galls 

62 

5-0 

Chinese galls (best) . 

75 

4-3 

Japanese galls .... 

62 

5-0 

Acorn galls (Knoppem) 

30 

11-0 

English oak-apple galls . 

26 

12-5 

Chestnut wood .... 

9 

36-0 

Chestnut rvood extract 

20 

16-0 

Sumach 

22 

14-5 

Valonia 

. 30 

11-0 

Divi-divi 

40 

8-0 

Myrobalans 

30 

11-0 


A.-Gr., Chem.-Zfg., 1921, 45, 842) is emploj'^ed to 
a limited extent. The advantages claimed for it 
are that it is not hygroscopic or deliquescent; 
that unlike ordinary ferric salts it does not act 
on aniline dj’’es, and, unlike ferrous salts, does 
not throw doAvn a deposit when oxalic acid is 
used as the acid to render the ink stable. 

Commercial copperas, as used for ink making, 
varies in colour from bluish-green or whitish- 
green to a bright grass green. On exposure to 
the air it gradually absorbs oxygen and becomes 
coated vdth a white layer which soon changes to 
yellowish-b^o^vn, owing to the formation of basic 
ferric sulphate. In' this condition it is technically 
kno-wn as rusty and is usually regarded as of 
more value by ink manufacturers, probably 
because it accelerates the preliminary darkening 
of the ink in the vats. 

The amount of iron in commercial copperas 
varies considerably. Fourteen samples examined 
by 'Mitchell (op. cit., p. 121) contained from 
18T4 to 2o'92% of iron, and practical tests 
showed that an ink prepared from copperas with 
18-8% of iron contained too little iron when the 
calculation had been based upon the use of 
copperas containing the theoretical 20%. 

Commercial copperas is almost invariably 
acid. Thus five samples showed an acidity (in 
terms of x-.-alkah solution) ranging from 0-11 to 
0-37 ml. per gram. It is obvious that this acidity 
increases the amount of strong acid in the final 
ink and accounts for the acidity of inks to which 
no mineral acid has been added, 

Blue-Black Inks, — ^The use of indigo to 
improve the colour of ink was mentioned by 
Eisler in 1770 (“ Das Eislerische Dintefass,” 
Helmstadt, 1770, p, 28) and was used by 
Stephens in this country in 1836. In 1856 
Leonhardi of Dresden patented an ink contain- 
ing indigo and madder solution, and these inks 
were therefore termed “ alizarine ” inks, even 
after the madder had been discarded as super- 
fluous. The new principle introduced was that 
of retarded oxidation. WhOst in the old type 
of iron-gall ink colour was ^'ven to the ink by 
partial oxidation in the vat, in alizarine ^ inks 
a colouring matter is introduced to give a 
temporary colouring matter to the writing pend- 


ing the formation of the insoluble violet-black 
iron tannate upon the paper. As mentioned 
above, indigo was at first the principal colouring 
matter used, but has now been partly or com- 
pletely replaced by aniline dyestuffs, especially 
Soluble Blue, Gum, which was a constituent 
of the older type of ink, is not used in the more 
fluid modern blue-black inks. 

The British Specification {H.M. Stationery 
Office) 1934, specifies for a Becord Blue-Black 
Ink, that it must be a gallo-taimate ink contain- 
ing not less than 0-5% nor more than 0-6% of 
iron, and that the ratio of iron to tannin sub- 
stances shall be such as will ensure the highest 
degree of permanence in written characters, 

A blue-black ink for general services and 
fountain pens must contain not less than 0-25% 
of iron. Like the record ink, it must yield a 
good blue-black colour after being blotted and 
give a deep black after 14 days. Both types of 
ink must remain clear and without appreciable 
deposit when evaporated to a fourth of the 
volume by exposure to the atmosphere. The 
acidity must be the least possible having regard 
to satisfactory performance of the inks, 

Gallic Acid Ink. — The advantage of gallic 
acids inks over ordinary iron-gaU inks is that, 
being already oxidised, they remain clear in the 
bottle. Hence they do not require the addition 
of acid to stabilise them, and so have little, if 
any, corrosive action upon steel pens. On the 
other hand, owing to the limited solubility of 
gallic acid (about 0-9% at 15°C.), these acid-free 
inks lack “ body,” and do not penetrate the 
paper so readily as the normal blue-black inks, 
which often contain more than 0'1% of free acid. 

Originally gallic acid inks were prepared by 
hydrolysing Chinese galls to convert the gallo- 
tannin into gallic acid, but these were essentially 
mixed gallotannin and gallic acid inks, and gallic 
acid is now more generally used. Ferric chloride 
is used instead of copperas, and about 3% of an 
aniline dye and 0'1% of phenol are added. 

Copying Inks, — These are concentrated iron- 
gall (blue-black) inks to which an ingredient, 
such as glycerin or dextrin, has been added to 
retard atmospheric oxidation of the ink upon the 
paper. Speaking generally, iron-gall copying 
inks should contain about 30—40% less water 
than inks of the same formula intended for 
ordinary ^vriting purposes. The British Specifi- 
cation (H.M. Stationery Office) for blue-black 
copying inks requires the sample to contain not 
less than 0-6% of iron and to dry without sticki- 
ness and give a good clear copy 48 hours after 
writing. The ink must produce a good blue- 
black colour after being blotted and give a deep 
black after 14 days. Other requirements are the 
same as for ordinary blue-black inks (supra). 

Logwood Inks. — ^Inks in which part of the 
galls is replaced by logwood chips or logwood 
extracts were at one time extensiv'ely used, 
especially on the Continent, but have now to a 
large extent been displaced by cheap blue-black 

and aniline inks. i t 

Chrome logwood inks (Dinglers PoIytecJi. d. 
1859, 151, 80) are also practically obsolete, at 
all events in this country, although still used in 
'Germany. 'R^alther (Chem.-Ztg. 1921, 45, 432) 
gives the following formqla for a cheap ink of tni9 
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type : Logwood extract 24, hydrochloric acid 
(20° B6.) 16, potassium dichromato 3, 

phenol 1, water 1,000 parts. 

Ink from Ammonium Ammonoxyferri- 
gallate. — Silbermann and Ozorovitz (Chem. 
Zentr. 1908, II,- 1024) found that gallic acid 
reacts with ferric chloride to produce a chloro- 
ferrigallic acid. 


H02C(H0)CeH2 




FeCl 


and that tliis acid, when treated with ammonia, 
forms ammonium ammonoxyferrigallate, 

H.N02C(H0)Cf.H2: ;Fe-ONH4. 


This compound in a 7 or 8% solution can be 
used as a wTiting ink. The writing is violet- 
black at first, but becomes black in a few hours, 
and is sufficiently oxidised in 30 minutes not to 
be removable by water. According to Zimmer- 
mann, Weber and Kimberly (J. Res. Nat. Bur. 
Stand. U.S.A. 1935, 14, 465) a solution of 
ammonium amnjonoxyferrigallafce (20 g. per 
litre) forms an ink that flows well and leaves no 
sediment after exposure to the air for a month. 
It is recommended as a satisfactory record ink. 

Lignone Sulphonate Inks. — The lignone 
sulphonatcs in the waste liquor from'the manu- 
facture of cellulose pulp by the sulphite process 
combine with iron salts to form black compounds 
which resemble iron tannates and dry on paper 
as insoluble black pigments. Hence, black and 
blue- black inks can be made from these waste 
liquors, and during the last few years such inks 
have become commercial products. Whilst they 
have many excellent qualities, the experience 
of many j'^ears will be necessary to prove that 
these inks will bo as permanent as properly 
made iron-gall inks. 

Coloured Writing Inks. — ^Formerly these 
inks consisted of suspensions or solutions of 
pigments, such as verdigris, -and natural colour- 
ing matters such as cocliineal. They are now 
almost exclusively made from aniline dyestufis. 
The following are coloured writing inks of the 
old type : 

Red Ink was formerly prepared from Brazil 
wood or extract of Brazil wood, with the addition 
of alum or stannous chloride, e.gr. 

(1) Brazil wood 280, tin-salt 10, gum 20 parts ; 
boiled with 3,500 parts of water and evaporated 
down until the required depth of colour is 
attained. 

(2) Extract of Brazil wood 15, alum 3, tin- 
salt 2, tartaric acid 2, water 120 parts. 

Cochineal or carmine inks are prepared by 
boiling cochineal in water, precipitating the 
carmine with alum and tin salt and dissolving 
this in the requisite amount of strong am- 
monia. Another method is to dissolve 2 parts 
of ammonium carbonate in 200 parts of water 
and macerate for ‘3-4 hours with 40 parts of 
cochineal and 2 parts of alum. 

Slost of the red inks now used are solutions 
of magenta or cosin in water, together vdth a 
little gum. Glycerin also is added if the ink 
j? fo be used for copjring. 


Blue Ink. — ^In the older type of blue ink 
Prussian blue was the colouring matter com- 
monly employed. The pigment was placed in 
an earthen vessel and either strong hydrochloric 
acid, nitric acid or sulphuric acid was added to 
it. After the mixture had remained 2 or 3 days, 
much water was added, and after settling, the 
supernatant liquor was dra\vn off from the sedi- 
ment. The sediment was well washed until the 
wash liquor was free from iron and free acid, 
after which it was dried and mixed with oxalic 
.acid in the proportion of 8 parts of Prussian 
blue to 1 part of acid. The pigment was dis- 
solved in sufficient water to bring it to the 
required intensity. 

An excellent blue ink can be made by dis- 
! solving 10 parts of indigo-carmine and 5 parts 
I of gum in 50-100 parts of water. Solutions of 
I blue aniline dyes may be used, but are easily 
effaced by bleaching agents and some fade on 
exposure to light. 

Typical modern coloured writing inks consist 
of solutions of the following dyestuffs : 

Bli/e. — Soluble Prussian Blue (0'5%), sodium 
indigo sulphonate (0T%), Methylene Blue 
(0-5%), Bavarian Blue DSF {l-2%). 

Oreen. — Acid Green (1'2%), Malachite Green 

(0-2%). 

lied. — ^Macarate S (0-5%), Fuchsin F (0-2%), 
Eosin A (1-5%). 

Fmlel.— Methyl Violet (0-3%). 

Brown. — Alizarin (2’5%) and ammonia solu- 
tion (1%). Dries brown. 

For table of systematic tests for these and other 
coloured inks, see Lunge, “ Technical Methods of 
Analysis,” 1914, iii, 1, 529, and Mitchell (op. cit.). 

State of Massachusetts Official ,lnk. — 
This is a standard ink for comparative tests, and 
contains the following ingredients : Dry gallo- 
tannin, 23 -4 ; gallic acid crystals, 7'7; ferrous 
sulphate, 30 ; gum arabic, 25 ; dilute hydro- 
chloric acid, 25 ; phenol, 1, in 1,000 parts of 
water. This formulas is based on that given by 
Schluttig and Neumann (op. cit.). 

“ League of Nations ” Ink. — ^At a meeting 
of the National Research Council at Ottawa, 
September, 1932, a Report 'by the League' of 
Nations on the Permanence of Papers was 
accepted ; this Report included recommenda- 
tions as to the requirements of a permanent ink. 
These comprised the following, hiter alia ; 

(1) The ink must be thin and flowing, and keep 
in a non-stoppered bottle. 

(2) It must dry quickly and must not be 
sticky, even immediately after drying. 

(3) "It must not be acid enough to attack pen 
or paper, or show any tendency to spread over 
the paper. 

(4) It must contain sufficient iron and tannin, 
so that when dry it will turn black, will not fade 
in light, and will resist water and alcohol. 

“ Arl. 40. — ^Ink for documents shall bo black, 
free from aniline or corrosive materials, and 
resistant to light and decolorising substances. 

“ Only the ferro-gaUic inks are accepted ns 
‘ normal,’ and they must comply with the 
following conditions : — 

“ (1) Be clear, fluid, not acid enough to attack 
I the pen^' nor have a tendency to spread on the 
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paper; have a lasting colour, and produce a 
Tvriting •R-hicli dries quickly -without stickiness, 

“ (2) Contain not less than 5 g. of iron per litre, 

“ (3) Be completely indelible in 15 days, 

“ (4) Produce a dark colour and be as resistant 
to light, air, water and alcohol as an ink com- 
posed of 23'4 g, of tannin, 7-7 g, of crystallised 
gallic acid, 30 g, of iron sulphate, 10 g. of gum 
arabie, 2-5 g, of concentrated hydrochloric acid 
and 1 g, of carbolic acid, made np to 1 litre. 
The inks are tested according to the regulations 
of the Bureau of Control and Standards,” 

It may be pointed out that some of these 
requirements are contradictory. An ink con- 
taining 0-2.5% of cone, aqueous hydrochloric 
acid will attack pens, and an acid-fiee ink (which 
■wfll not corrode pens) wiU not comply with the 
requirements for tannin and gallic acid, 

Prussian Regulations for Official Tests 
of I n k . — According to the Prussian regulations 
of May 22, 1912, inks are classified into (1) 
“ doc-umentery,” and (2) “ rndting inks,” the 
latter being snbdi-rided into (a) iron-gall inks, 
and (6) logwood and dyestuff inks, (1) A 
“ doc-umentary ink ” is defined as an iron-gall 
ink which gives dark -imting after 8 days’ 
exposure to light and air. It must contain at 
least 27 g, anhydrous gallotannic and gaUic 
acids, and 4 g, iron (calculated as the metal) 
per litre. On the other hand, the amount of 
iron must not exceed 6 g, so that the ratio 
of gallotannic plus gallic acid to iron must lie 
within the limits 4-5:1 and 6-75:1, The ink 
mxist not alter for at least 14 days in the ink-pot, 
and must flow readily from the pen. The writing 
done -with it must not be stick}' immediately 
after drying, and after 8 days it must remain 
deep black when washed -n-ith water and -with 
alcohol (85 and 50%). (2) Iron-gaU “ writing 
inks ” must contain at least 18 g. gallotannic and 
gallic acids, and at least 2-6, and not more than 
4 g. iron per litre (ratio 4-5:1 and 6-75:1). In 
other respects they must comply with the 
requirements of “ documentary mks.” Inks of 
Group (5) are not ofScially tested. 

For the American .standards for iron writing, 
duplicating and cancelling inks, their composi- 
tion, manufecture and methods of testing, see 
U.S.A. Bureau of Standards, 1920, Circular 
No. 95 (for Abstract, see Analyst, 1921, 46, 61). 

Examination of Writing Inks. — Acidity . — ^ 
A rapid method of determining corrosive acids 
in ink has been devised by ilitehell [ibid. 1921, 
46, 131). 10 ml. of the ink are repeatedly 

distilled -with excess of sodium acetate and the 
acetic acid in the distillates is titrated -with 
standard alkali. 

Another method of determining both the 
added mineral or oxalic acid and the weak 
organic acids is to bleach the pigments in the 
ink -srith boiling hydrogen joeroxide and titrate 
the liqm'd -with K.-alkaU (phenolphthalein as 
indicator). The alkalinity of the glass bottles 
used for ink may sometimes neutralise the 
acidity of the ink and cause deposits to form 
(Mitchell, op. cit., 184, 224). 

Ash. — ^Iron-gall inks differ considerably in the 
readiness with which the carbon can be burned 
off. Cautious addition of a few crystals of 
ammonium nitrate facilitates the 'ignition. 


laical English inks have been found to yield 
from 0-42 to 2-52% of mineral matter. 

Iron . — The ash is dissolved in dilute hydro- 
chloric acid, and the iron is oxidised with 
hydrogen peroxide and precipitated -with am- 
monia. Or the volumetric method prescribed 
I in the Prussian Official Tests may be used : the 
ash from 10 ml. of ink is dissolved in 1-2 ml. 
of hydrochloric acid (sp.gr. 1-124), the solution 
is evaporated to drjmess -with 1 to 2 ml, of 
chlorine water, the residue is treated -with 0-5 ml. 
of hydrochloric acid to dissolve basic iron salts, 
and the solution is cooled and diluted -with 20 ml, 
of water. About 1 g, of potassium iodide is added, 
and the iodine liberated at 55° is titrated with 
^*./10 thiosulphate solution, the solution being 
cooled before the starch indicator is added. 

Mtchell (Analyst, 1908, 33, 81) analysed a 
large number of English -writing-inks and found 
that, although the composition of any one manu- 
fr cturer’s ink remained fairly constant over long 
periods, there were marked differences ketween 
the inks of different manufacturers. The total 
solid matter ranged from 1-89 to 7-94%, the ash 
from 0-2 to 2-52% and the iron from 0-18 to 1-0.9%. 

Galloiannin and Gallic Acid. — A mixture of 
10 ml. of the ink -with 10 ml- of concentrated 
hydrochloric acid is shaken -with successive por- 
tions of 50 ml. of ethyl acetate until the aqueous 
layer gives no reaction for gallotanm'n or gallic 
acid after treatment with sodium carbonate 
and addition of ferric chloride and ferrous sul- 
phate. A special form of shaking apparatus, 
de-rised by Rothe, is suitable for the extraction. 
The ethyl acetate extract is shaken several 
times -with semi-saturated potassium chloride 
solution (10 ml. each time) to remove iron salts, 
and then evaporated in vaevo; the residue is 
taken up with a h'ttle water, transferred to a 
weighed crucible and dried at 105-110°, or 
preferably in vacuo at about 60°, until constant 
in weight. In the Prussian Regulations the 
residue is regarded as gallotannin and gaUic 
acid when 0-1 g. thereof absorbs in the presence 
of 2 g. of sodium bicarbonate at least 0-5 g. of 
iodine. If less iodine is absorbed the mk is not 
up to ofScial requirements. In determining the 
iodine absorption about 0-1 g. of the residue is 
mixed in a stoppered flask -with 2 g. of sodium 
bicarbonate and 25—50 mL of a standard solution 
of iodine (about 50 g- per litre), and the flask 
is closed and allowed to stand overmght, after 
which the unabsorbed iodine is titrated -with 
standard thiosulphate. 

A more accurate determination of gallotannin 
and gallic acid may be made by SlitcheU s 
colorimetric method (Analyst, 1923, 48, 1). 

Gums and Dextrin . — 10 ml, of the ink are 
treated with 20 ml. of 95% alcohol, and the 
precipitate is collected on a counterpoised filter, 
dried and weighed. 

Glycerin.— The total solids of the ink are 
treated with 96% alcohol and the alcoholic 
extract is evaporated and tested for glycerin, 
e.g. fumes of acrolein on heating -with potassium 
bisulphate (t-. Yol. Y, 302c). 

Phenol and Salicylic Acid.— The residue from 
the ink is mixed -with sand and extracted with 
ether. On evaporating the ethereal extrart 
phenol may be recognised by its odour and by 
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giving a precipitate with bromine water. 
Salicylic acid is detected by the violet coloim 
obtained with ferric chloride {v. Vol. II, 5706). 

Dyestuffs . — ^The ink is slightly acidified with 
hydrochloric acid and boiled for 15 minutes 
with a thread of wool or cotton. The threads 
are thoroughly washed with hot water, and if 
they have been dyed they are boiled in sodium 
carbonate solution or acidified water, and the 
dyestuffs are again fixed on cotton or wool and 
identified by systematic tests for dyes (c/; Vol. IV, 
156-172). “ 

Indigo Carmine is fixed upon wool and re- 
dissolved by an alkaline bath. In alkaline 
solution it remains bright blue after addition of 
sulphuric acid, but is changed to green by 
hydrochloric acid. 

Testing the W riting . — ^Pieces of standard paper 
are stretched in a frame inclined at an angle of 
45°, and a definite amount of ink made to flow 
down them from a pipette fixed in a special 
position with regard to the paper. At the same 
time a parallel test is made upon the same 
paper with Sehluttig and Neumann’s standard 
iron-gaU ink containing 23-4 g. gallotannic acid, 
7-7 g. crystalline gallic acid, 30 g. ferrous sul- 
phate, 10 g. gum arabic, 2-5 g. hydrochloric 
acid, and 1 g. phenol per litre. This ink is 
allowed to stand for at least 4 days at 10-15°, 
and decanted from any deposit. For comparisoii 
in the test it is coloured with a suitable dyestuff 
to match the ink under examination. The paper 
with the colour stripes of the two inks upon it 
is exposed to the air for 8 days in diffused day- 
light, and is then cut horizontally into strips 
which are immersed in water, 50% alcohol 
and 80% alcohol respectively. No perceptible 
bleaching of the ink should take place (Hinrich- 
sen, Chem.-Ztg. 1913, 37, 265 ; Mitchell, op. cit., 
p. 207). • 

Age of Ink in Writing . — The change in the 
colour of ink on paper proceeds rapidly at first, 
then very slowly, and is usually complete in the 
course of a few months. If the colour of the 
writing changes in the course of a few days, the 
ink is comparatively recent (see Mitchell, op. cit., 
p. 207). 

Another test depends upon the fact that as 
the ink becomes oxidised it is gradually con- 
verted into a resinous tannate, which retains 
the dyestuff. Thus if a dilute acid is applied to 
•writing a few months old the ink will run, 
Avhereas if the ink is some years old it will be 
hardly affected by the reagent. 

Mezger, RaU and Heess (Chem.-Ztg. 1931, 55, 
481) have devised a method based on the 
gradual diffusion of the salts in the ink-writing 
into the adjacent paper. Their “chloride 
pictures ” and “ sulphate pictures ” enable a 
judgment to be formed of the relative age of the 
ink. The precautions to be observed in drawing 
conclusions &om the “ pictures ” have been dis- 
cussed by Heess (Arch. Kriminol. 1935, 96, 13 ; 
also JlitcheU, op. cit., p. 213). 

It is probable that in oxidised ink the iron 
exists as the first in the series of tannates, 

^^(^14^9^9)3 

Fe(Cj 4 Hj 09)3 


described by Wittstein (Jahresber, 1849, 28, 
221) and by Schiff (Annalen, 1875, 175, 176). 
{See also Silbermann and Ozorovitz, l.c.). As 
the oxidation proceeds the successive precipi- 
tates contain more iron, and eventually approxi- 
mate in composition to 


^^141^8^9 

1 ^C34H90g 


'\C14HgO0 


obtained by Pelouze by prolonged exposure of 
a solution of ferric sulphate and gallotannic 
acid to air (Mitchell, Analyst, 1920, 45, 247). 

ink Powders. — Owing to their convenience 
for use by travellers, ink powders and tablets 
are being increasingly used. Some, when dis- 
solved, approximate in composition to gaUo- 
tannate inks, whilst others consist of anihno 
dyestuffs. 

A violet logwood-ink powder described by 
Dieterich (“ Pharmazeutisches Manual,” 10th 
ed., 1909, p. 646) consists of logwood extract 100, 
aluminium sulphate 40, potassium oxalate 60, 
potassium bisulphate 20, potassium chromate, 
4, salicylic acid 1-5 parts. 

Aniline Ink Powders. — Viedt in 1875 recom- 
mended the use of Nigrosine, which was to be 
dissolved in 80 parts of water. 

Dieterich (op. cit.) gives the following formulse 
for ink powders of different colours ; 

Black Ink Powder . — ^Aniline Green D 9-0 
Ponceau 2R 8-0, Phenol Blue 1 part. 

Red Ink Powder . — Ponceau Red 2R. 

Green Ink Powder . — Aniline Green. 

Violet Ink Powder . — ^Phenol Blue 1-5, 
Ponceau 2R 2 parts. 

Violet Copying-Ink Powder . — ^Methyl Violet 
20, sugar 10, oxalic acid 2 parts. 

The British Specifications (H.M. Stationery 
Office) for Blue-Black Ink Powder, require the 
ink made up from the powder to contain not 
less than 0-25% of iron, and the ratio of iron salt 
to tannin substances to be such as will ensure a 
satisfactory degree of permanence. The ink 
must produce a good blue-black colour after 
being blotted, and give a deep black after 14 
days. 

Gold and Silver Inks are prepared from 
gold and silver, or from cheaper substitutes such 
as bronze powder and Dutch leaf. The leaf 
metal, mixed with honey, is carefully ground 
down to the finest possible condition ; it is then 
well washed and dried. A suitable medium 
preparation consists of 1 part of pure gum arabic 
and 1 part of soluble potash glass in 4 parts of 
distilled water. As a rule, 1 part of the powder 
is sufficient for 3 or 4 parts of the medium. 

Imitation silver ink is best made by rubbing 
up aluminium foil or powder with gum. 

Sympathetic or Secret Inks. — ^These pre- 
parations are devised to trace words or figures 
which are invisible when 'written but become 
•visible when subjected to heat or appropriate 
chemical reagents. Examples : a "weak infusion 
of galls is colourless on paper, but becomes black 
when moistened -with a solution of copperas; 
and if a weak solution of copperas be used, the 



490 


INK. 


•RTiting Tvill be invisible, until the paper is mois- 
tened mth a Aveak solution of galls. Equal 
parts of copper sulphate and sal ammoniac 
dissolved in water form a colourless ink, the 
writing of which turns yellow on the application 
of heat. Weak solutions of silver nitrate or of 
auric chloride when exposed to the sunlight 
become dark browui and purple respectively. 
Solutions of cobalt chloride or nitrate give 
tracings which become green or blue when 
heated and disappear again as the paper cools. 

I nk for India-rubber Stamps. — ^The follow- 
ing preparation produces ink adapted for this 
purpose. It does not easily dry upon the pad, 
and is readily taken up by the paper : Aniline 
colour in solid form (blue, red, etc.) 16, 
boih'ng distilled water 80, gtycerin 7 parts. 
The colour is dissolved in the water, and the 
other ingredients are added whilst agitating. 
The “ carbon papers ” used for giving two 
or more copies of written or typed matter 
are coated on one side with a mixture o^ for 
example, yellow wax and tallow containing a 
suitable pigment such as lampblack or Prussian 
blue, or some aniline colour. 

Indelible or .Safety Inks. — Compositions 
passing under these names consist of finely 
divided carbonaceous substances, such as Indian 
ink or lampblack, held in suspension in a 
glutinous or resinous liquor. They are devised 
so as to resist the action of strong acid or 
alkaline solutions. An ink having these proper- 
ties may be made of Indian ini rubbed into 
ordinarj^ writing ink. 

A suspension of lampblack in sodium sfiicate 
solution makes an excellent safety ink, but has 
the disadvantage that it must be kept in air- 
tight bottles. 

Vanadium ink is prepared veiy simply by 
.adding a small proportion of ammonium vana- 
dath’iW.a filtered decoction of galls. It is a deep 
black ink^ .v:;hich flows freely from the pen and 
is not easily rennoyed without destruction of the 
paper. 

Copying Ink or --Indelible Pencils (a. 
Vol. Ill, 359). 

Hektograph Inks are usbs^ to give a large 
number of copies, and must therefore contain 
a concentrated colouring matfrir. The original is 
written on ordinary paper -sri.th .the ink and is 
laid face-down on a sheet of a composition of 
glue and gtycerin • (about 1: 5) until the ink | 
has been absorbed into thti surface of the 
composition. By appljfing sheftts of paper with 
slight pressure, 60 to 100 copfes can then be 

obtained. . . , , , , ,, 

A typical ink contams : a wan^r-soluble blue 

dve 10, glycerin 10, water 50-100 parts. 

Byes not easily soluble in water or glycerin 
are first dissolved in alcohol and then mixed 
^th the other ingredients. Thus a red hekto- 
vraph ink may contain : magenta .^0, alcohol 20, 
Scetic acid 5, gum 20, water 40 parts ; or magenta 
10, alcohol 10, glycerin 10, water .50 parts. 

Ticket- Writers Ink is made of good black 
ink, with liquid gum added to prcduce a gloss 

Ink for Writing on Glass is a solution of 
rnim arabic in strong hydrofluonc acid colomed 
Sth some matter which can withstand the action 
Tf the acid : cudbear is used for tlm -urpose. 


For Enamelled Cards ordinary printing ink 
(mainly a mixture of lampblack and oil) is mixed 
with a few drops of equal parts of copal varnish 
and mastic varnish. 

Lithographic Ink ought to conform to the 
following requirements. It should be flowing 
on the pen, not spreading on the stone ; capable 
of forming delicate tracings, and very black to 
show its delmeations. The most essential 
quality of the ink is to sink well into the stone, 
so as to reproduce the most delicate outlines of 
the drawing and to afford a great many impres- 
sions. It must therefore be able to resist the 
acid with which the stone is moistened in the 
preparation, ivithout letting any of its greasy 
matter escape. 

Lithographic ink may be prepared as follows : 
mastic (in tears) 8 oz., shellac 12 oz., Venice 
turpentine 1 oz. ; melt together; add wax I lb., 
tallow 6 oz. ; when dissolved, add a further 
6 oz. of hard tallow soap in shavings; and 
when the whole is perfectly incorporated, add 
4 oz. of lampblack; lastly, mix well, put in 
moulds, and when cold cut it into square pieces. 

Another recipe is as follows : melt together 
wax 18, soap 18, shellac 14, resin 6, 
tallow 10 parts. Then stir in 2 parts of india'- 
mbber dissolved in 5 parts of oil of turpentine, 
and 6 parts of lampblack. Heat the whole 
until the smell of tuipentine has nearly dis- 
al)peared and then cast into sticks. 

Autography is the operation by which a 
writing or a drawing is transferred from paper 
to stone. For autographic ink : mix white wax 
8 oz. and white soap 2-3 oz. ; melt and add 
lampblack 1 oz. ; mix weU, heat strongly, and 
add sheUac 2 oz. ; again heat strongly and stir 
well. On the mixture cooling pour it out as 
before. With this ink lines may be drawn of the 
finest and fullest class, without danger of 
spreading ; and the copy may be kept for years 
before being transferred. These inks are rubbed 
down with a little water in the same way as 
Indian ink. 

Printing Ink. — ^Ink prepared for use lydth 
type, copper-plates, etc., consists of a medium 
and pigment. The chief properties required in 
a good printing ink are : 

(1) A perfectly uniform syrupy consistence. 

(2) Must be easily transferred from the ink- 
rollers to the type, and from the type to the 
paper, 

(3) Must not smudge types, and must he 
easily washed off them with printer’s lye. 

(4) The ink must not dry so quickly as to 
set on types or rollers, but must not drj' so 
slowly on the paper as to hinder folding, etc., of 
slicctfS* 

(5) When dry, the ink must not “setoff ’’from 
the paper on to anything with which it comes in 
contact. 

(6) The printed characters should not show 
a greasy margin. 

(7) The ink should not bare a strong odour. 

The ink which most nearly fulfils all these 

requirements is composed of the finest quality 
of lampblack incorporated with a pure linseed 
oil varnish. (For methods of examining lamp- 
blacks and carbon blacks, see Xeal and Perrott, 
U,>8. Dept, of the Interior, Bureau of Mincs^ 
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Bull. No. 192, 1922, 72 ; also British Standards, 
Nos. 284, 286, 287, 288.) The demand for cheap 
inks for the printing of newspapers and cheaj' 
books has been met by using cheaper qualities of 
lampblack and substituting for the varnish 
various mixtures of oils and resins -with soap, 
which may or may not contain a proportion of 
linseed oil. 

The linseed-oil varnish used for good ink was 
formerly prepared by heating linseed oil in a 
boiler until the vapour evolved could be ignited. 
A light was then applied and the whole allowed 
to burn for about half an hour, until a trial 
showed that the oil was of the right consistence. 
The practice of burning the oil gave a dark- 
coloured product and has now been discontinued. 

The present practice is to heat the oil to about 
380-400°, taking every precaution to avoid its 
ignition. The boiler is provided with a closely 
fitting lid, or, better, with a cover of udre-gauze, 
vfhic.lv cx.t.\nguish.cs a flame while allewmg the 
vapours to escape. 

Provision is made for lifting the boiler from 
the fire or withdrawing the fire from the boiler, 
or, in some apparatus, for running off the oil 
into a cold vessel. A gutter round the furnace 
above the fire-door prevents any chance of the 
oil reaching the fire, even should it hoU over the 
top of the pot. In some modern plant the oil is 
heated by means of superheated steam. A 
varnish so prepared is insoluble in water or 
alcohol, but mingles readily with fresh oil and 
unites with mucilages into a mass diffusible in 
water in an emulsoid form. The oil loses from 
one-tenth to one-eighth of its weight by boiling 
into the thick varnish. 

Letterpress ink of average quality may be 
made by reheating a varnish produced as 
described above and adding for each gallon of 
the original oil 4 lb. of rosin and 1 lb. of brown 
soap in slices. This is then mixed with the 
requisite quantity of pigment — for lampblack 
rather less than one-third of its weight — and the 
whole is thoroughly ground and incorporated 
in a suitable machine, usually between rollers 
of polished granite or steel, as in Lehmann’s 
apparatus. The presence of soap in the ink 
causes it to “ lift ” well, i.e. to be complete^ 
transferred from the type to the paper. The 
following recipes are typical of inks of a cheaper 
class : 

Linseed Oil and Rosin Vehicle. — Rosin 50, 
boiled linseed oil 100, rosin soap 10, i^artly 
boiled oil 6 parts by weight. 

Rosin Oil Vehicle. — Rosin oil 50, rosin 60, 
boiled linseed oil 60, rosin soap 5, thin 
boiled linseed oil 6 parts; 

CTfcap Mineral Oil Vehicle. — Rosin is dis- 
solved in about an equal weight of heated 
mineral oil (petroleum of sp.gr. 0-880- 
0-920 ; Wass, R.P. 322298, 1902). 

Composition Vehicles. — ^I'enice turpentine 5, 
castor oil 15, white wax 1 kg. These are 
mixed at 100° (Knecht) ; then 9 kg. of 
thick turpentine, 10 kg. of soft soap and 
4 kg. of “ oleine,” mixed hot, are added 
(Rosl). 

The lampblack used is of various qualities 
uccording to the price of the ink. The propor- 


tion should be just sufficient to give a full black 
impression ; it is less with the better qualities 
of lampblack. The ink for rotary machines 
contains about 28% of lampblack, that for high-, 
speed newspaper-printing about 24%, that for 
book printing about 21%, and that for illustra- 
tion work about 19% with 2% of Prussian blue 
and 1% of indigo. 

Other inks consist of 25 parts of paraffin oil, 
46 parts of fine colophony and 15 parts of lamp- 
black. The amoimt of colophony is reduced in 
soft inks for high-speed work. 

It has been proposed to use oxides of iron or 
manganese as black pigments for printing ink 
(see e.g. Fireman, U.S.P. 802928, 1905). Paper 
printed with such ink could be bleached and 
subsequently made into white paper. This could 
not be done with the lampblack inks now used. 

It is said that so extremely thin is the layer 
of ink on small type that 1 lb. wt. even of cheap 
tievvapapeu ink will cover no less than 7,000 aq. ft. 
of type matter. 

Coloured Printing-Inks. — ^These inks are 
made from the varnishes above described by the 
addition of dry colours, taking great care that 
the colours are thoroughly well ground and 
assimilated with the varnish, since lumps of any 
kind not only clog the type but alter the tint. 
Some tints which are exceedingly fight will 
require an admixture of white powder to give 
the necessary body to the ink. 

The following pigments are eligible for incor- 
poration in printing inks : 

White. — ^Heavy spar (barium sulphate), zinc 
white and titanium white. 

Red. — Orange lead, vermilion, -burnt sienna, 
Venetian red, Indian red, lake vermilion, 
orange mineral, rose pink and rose lead. 

Yellow. — ^Yellow ochre, gamboge and lead 
chromate. 

Blue. — Cobalt blue, Prussian blue, indigo, Ant- 
werp blue, Chinese blue, French ultrar- 
mine and German ultramarine. 

Green. — ^Usually mixtures of yeUow and blue, 
but sometimes chrome green, cobalt green, 
emerald green or terre verte. 

Ptirple. — A mixture of those used for red and 
blue. 

Deep Brown. — ^Burnt umber with a little 
scarlet lake. 

Pale Brown. — Burnt sienna; a ricli shade is 
obtained by using a little scarlet lake. 

Lilac. — Cobalt blue with a little carmine 
added. 

Pale Lilac. — Carmine with a little cobalt blue. 

Amber. — ^Pale chrome with a little carmine. 

Pinh. — Caimine or crimson lake. 

Shades and Tints. — A bright red is best ob- 
tained from pale vermilion with a little carmine 
added ; dark v^ermilion when mixed with the 
vmmish produces a dull colour. Orange lead and 
vermilion ground together also produce a very 
bright tint, and one that is more permanent 
than an entire vermilion colour. Cheaper sub- 
stitutes are orange mineral and rose pink, and 
red lead. Lead chromate aiTords the brightest 
colour. For dull yellow yellow ochre is used. 
Indigo is excessively dark and requires a good 
dpal of trouble to fighten it. It makos a fine 
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showy colour when hrightness is not required. 
Prussian blue is useful, but it dries very quickly, 
hence the roller must he frequently cleaned! 
The objection to Prussian, Antwerp and Chinese 
blues is that they are hard to grind and lilrely 
to turn greenish with the varnish when used thin, 
Por green- any of the yellows and blues may he 
mixed. The varnish itself having a yellow^ tinge 
will produce a decidedly greenish tint -with a 
small quantity of Antwerp blue. Emerald 
green is made by mixing pale chrome -with a Uttle 
Chinese blue, and then adding the mixture to 
the varnish until the tint is satisfactory. 

In using painter’s colours it is advisable to 
avoid the hea-vy ones as much as possible. Some 
colours require less oil in the varnish than others. 

A bronze of changeable hue may he given to 
inks wth the following mixture (Southward) : 
gum shellac 1| lb. is dissolved in 1 gallon of 95% 
alcohol or Cologne spirits for 24 hours and 14 oz. 
Aniline Red then added. After standing for a 
few hours the mixture wiU . be ready for use. 
When added to good blue, black or other dark 
ink, it imparts a rich hue. The quantity must 
be carefully apportioned. 

Reflex Blue Lakes. — ^The pigment known 
as “ Refle.x Blue ” is prepared from the car- 
bonium dye. Alkali Blue, by precipitation from 
an aqueous solution -with hydrochloric or sul- 
phuric acid in presence of lead acetate. Tlie 
moist precipitate is incorporated -vvith a litho- 
graphic varnish, and, after standing for the 
water to separate, the lake is ground into ink. 
The.se lakes get their names from the bronze 
effect obtained when they are mixed with litho- 
graphic varnish. 

Monastral Fast Blue BS. — An insoluble 
blue dyestuff pigment of a new tjye has been 
introduced under this name (see R, P. Linstead 
el. al., J.C.S. 1934, lOlG-1039). It is insoluble 
in water, oils, alcohol and many organic sol- 
vents. The same pigment is made in Germany 
and sold under the name of Heliogen Blue B 
(Chem.-Ztg, 1936, 60, 375). It can be used in 
admixtru-e -with yellow pigments to produce 
greens brighter than the ordinary Brunswick 
greens. Unlike cobalt blue, it is relatively 
opaque to infra-red rays (AlitcheU and Ward, 
Analyst, 1936,^61, 754). 

Rotagravure Inks. — The principle of the 
“ rotagravure ” process is the reverse of that 
used in half-tone work, the printing surface 
being an intaglio composed of minute rectangular 
cells of varying depth. These cells, numbering 
about 40,000 to the sq, in., are filled -n-ith the 
ink, the excess of which is removed by means 
of a steel blade or “ doctor,” so that films of 
graduated depth are left in the cells on the 
cylinder of the rotary press. When the web of 
paper is pressed against the mouths of the cells 
the ink is lifted from them and transferred to 
the surface of the paper, and the density of the 
deposited pigment corresponds with, the amount 
of ink in the respective cells. The ink required 
for the process differs in its properties from 
ordinary printing ink. It must be capable of 
being removed completely from the cells, must 
be fairly transparent, and must not yield 
deposits. These reqm'rements are met by using 
special media containing balanced proportions 


of fixed and volatile ingredients, and by the use 
or pigments -n'hich are thoroughly ground. 
Special mills are required for grinding the 
mixture of pigment and medium, and the ink 
is passed through a hair sieve before beintr used 
in the printing machine. ° 

Rotagra-juire inks made with an oil basis 
require thinning "with benzine or carbon tetra- 
chloride, whilst those rvith a water basis have 
the draw'backs that they smudge readUy and 
are not waterproof. A waterproof ink prepared 
by Albert (Penrose’s Annual, 1932) is free 
from these drawbacks ; the medium consists of 
water and water-soluble organic pigments 
incorporated with a solution of rosin soap. 

An asphalt ink particularly suitable for intagho 
printing has been patented by Winship (B.P. 
334370, 1929). The asphaltic base (e.ff. from 
giLsonite p.a.) is diluted mth a petroleum solvent 
and an oily resin; the* emulsion is stabilised 
with glue and finally incorporated with water 
and a suitable pigment. 

Patent Inks for Cheques. — ^Numerous 
I printing inks for cheques have been made with 
the object of revealing any attempt to remove 
■writing from the surface of the paper. One of 
the best known of these inks is that of Hehner 
and Dupre (B.P. 375, 1881). The preparation 
used for printing the note consists of a sulphide 
(insoluble in water, but acted on by dilute acids, 
e.ff. zinc sulphide), with lead carbonate or other 
salt of a heavy metal. The mixture is made 
into a paste %vith glycerin, treacle and gum 
arable, and can be used for printing invisible 
characters on the cheque, or added to the 
coloured paste used for printing the ground- 
work. Dark stains are immediately produced 
when acid, alkali or a cyanide solution is 
applied to the cheque. 

In the ink patented by Waterlow & Sons and 
Clifford (B.P. 292393, 1927) a substance 
fluorescing in ultra-violet light, but the fluores- 
cence of which is destroyed b}' ink-erasing 
agents, is claimed. In a later patent (B.P. 
417488) claim is made for the use of water- 
insoluble substances for this purpose. 

Examination of Printing Inks, — ^The be- 
haviour of a printing ink in practice is of much 
more importance than its composition. For 
methods of analysis, see Tuttle and Smith, J. Ind. 
Eng. Chem. 1914, 6, 659. Specifications for the 
tests to be applied to inks used in the U.S. 
Government Printing Office have been pub- 
lished. These include tests for the following 
properties : (1) non-separation of oil from pig- 
ment; (2) cleanliness of transfer ; (3) hardness; 

(4) drjdng properties ; (5) offset or smudging ; 

(6) colour; (7) quantity required for an average 
5,000 printed pages. 

Arsenic in Printing Ink. — As a result of 
the detection of arsenic in the printing on 
■wrappers used for bread (Elsdon, Analyst, 1924, 

49, 336), Barry (ibid. 1927, 52, 217) suggested 
limits for the proportions of arsenic to be per- 
mitted in the pigments used in printing inks, and 
classified these pigments into three groups : 

(I) those to be u.sed unconditionally, con- 
taining less than 1 part of arsenic in 
50,000 of pigment ; 
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(II) containing between 1 in 20,000 and 1 in 

60.000, to be used in conjunction with 
those in Class I ; 

(III) those containing more than 1 part in 

20.000, which are to be rejeeted. 

These suggestions were adversely criticised 
by Morrell and Smyth {ibid. 1927, 52, 339) as 
too stringent in view of the amount of arsenic 
that wordd be present in the final ink. 

Bronzing. — ^The production of printed matter 
having the colour and lustre of gold or silver, is 
carried out by printing with a varnish which 
remains “ tacky ” for a time, and then dusting 
over the whole surface with bronze powder or 
aluminium powder or similar substances. The 
powder adheres only to the varnish and thus 
produces the desired eSect. 

Such a varnish may be produced by melting 
into a good linseed oil varnish sufficient bees- 
wax to give it the consistence of lard or tallow. 
{See Ure’s Diet, of Arts, Manufactures, etc. ; 
Cooley’s “ Cyclop, of Practical Eeceipts ” ; 
Lehner’s “ Ink Manufacture ” ; Southward’s 
“ Practical Printing ” ; Noble’s “ Principles and 
Practice of Colour Printing ” ; L. E. Andes’ “ Oil 
Colours and Printer’s Inks ” ; Mitchell’s “ Inks : 
Composition and Manufacture ” ; Seymour’s 
“ Modem Printing Inks.”) 

Marking Inks, — ^Natural marking inks, such 
as those prepared from the juice of the Goriaria 
thymifolia (the ink-plant of New Granada) and 
the juice of the Indian marking nut {Semecarpus 
anacardium), are not only used locally, but also 
form the basis of commercial preparations. The 
juice of Bliiis toxicodendron (“ the poison ivy ”) 
and ■ that of Rhus venenata (“ the poison 
sumach ”) are also employed in the manufacture 
of black varnish and of marking inks. 

Chemical Marking- Inks. — ^Theinksof this 
type most commonly used are those containing 
a silver salt the reduction of which within the 
fibres of the fabric leaves an insoluble black pig- 
ment. In the earliest inlfs of this type the linen 
had first to be treated with a pounce {e.g. sodium 
carbonate in gum mucilage) and then dried, but 
these have been completely superseded by inks 
in which the reduction is effected by heat. 

Eedwood’s marking ink, which is still the 
prototype of certain modern marking inks, was 
prepared by adding a solution of 31 parts of 
silver nitrate in water to an aqueous solution of 
60 parts of sodium carbonate, collecting and 
washing the precipitated silver carbonate, tri- 
turating it with tartaric acid, and adding suffi- 
cient ammonia to dissolve the silver tartrate. 
The ink was then completed by the addition 
of 16 parts of archil extract, 16 parts of white 
sugar and 60 parts of gum arabic. 

An analysis by Mitchell of a British silver 
marking ink of this type gave the following 
results : water (containing 4*87% of am- 
monia), 76-93; total solids, 23-07; mineral 
matter, 12-30; silver, 9-9S; platinum, 0-26; 
tartaric acid, 6-83 ; gum, 3-94%. The ink con- 
tained archil as a temporary pigment. 

Various modifications of silver marking-inks 
have been published, and the addition of 
certain other metals to the ink has been claimed 
in difi'orent patents. 


Aniline Marking- Inks. — ^Two types of these 
marldng inks are sold. In the older type there 
are two solutions which are kept separate until 
just before use. These are to a large extent 
similar to Jacobsen’s aniline ink (Dinglers Poly- 
tech. J. 1867, 183, 78) : 

{a) Copper Solution. — Copper chloride, 8-62 g. ; 
sodium chlorate, 10-66 g. ; ammonium chloride, 
6-36 g. ; water, 60 ml. 

(6) Aniline Solution. — ^AniUne hydrochloride 
20 g., dissolved in 30 ml. of water and mixed 
with 20 g. of a solution of gum arabic (1:2) and 
10 g. of gljmerin. 

For use, 1 part of {a) is mixed Avith 4 parts 
of (6). The Avriting, Avliich is -green at first, 
gradually blackens as aniline black forms Avithin 
the fibres of the fabric. Steaming accelerates 
the blackening, but dry heat tends to make the 
marked place brittle. Finally the marked place 
is Avashed with soap and water which renders the 
ink a deep blue-black. 

As this process is relatively tedious, there has 
been an increasing demand, especially by 
laimdries, for one-solution AArriting and stamping 
inks Avhich do not necessitate preliminary mix- 
ing, and produce marldngs Avhich do not require 
to be steamed or Avashed. 

In some of these inks the aniline salt and 
oxidising agent are so balanced that oxidation 
does not take place Avithin the bottle. Several 
inks made on this principle Avere patented by 
GraAvitz (F.P. 276397, 1898). One of them 
contains: {a) anihne oU, 110 ml.; hydro- 
chloric acid (20 B6.), 100 ml. ; Avater, 100 ml. : 
(6) potassium ferrocyanide, 160 g. in 300 ml, of 
boiling Avater. The tAvo solutions are mixed, 
cooled and added to a solution of 60 g. sodium 
clfiorate in 400 ml. water. 

In some of these inks the stage of retarded 
oxidation has not been reached, for after keeping 
fluid for months they may suddenly gelatinise in 
the bottle. 

Other one-solution inks contain an aniline 
black dyestuff dissolved in aniline oil or in mix- 
tures of aniline and its homologues. The exact 
composition and methods of preparing these inks 
are carefully guarded as trade secrets. 

Examination of Marking Inks. — ^The com- 
position of a marking ink is of subsidiary im- 
portance to its behaviour in practical tests. 
The main requirements of a good marking ink 
are : (1) it must not injure the fibres of the 
fabric ; (2) it must floAv smootldy from a pen, 
but not “ run ” when applied to linen ; (3) the 
marking must darken rapidly when treated Avith 
a moderately hot iron or otherwise; (4) the 
marking must not fade when repeatedly Avashed 
with soap and AA-ater, and must resist the action 
of acids, alkalis and bleaching agents ; (5) the 
inli must be stable in the bottle and not gelatinise 
or form deposits if the cork is not replaced for 
some time. 

Marking Ink Pencils. — The earliest type of 
pencil doAused for marking linen consisted of a 
silver salt incorporated Av-ith a suitable basic 
material and a proA'isional colouring matter 
(Dunn, B.P. 2316, 1858). In other pencils 
(Hickisson, B.P. 9149, 1884) one end had a 
marking point composed of a mixture of silver 
nitrate fused AA-ith gum and potassium nitrates 
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whilst the other end was a mordant (e.17. horax 
■wax and pyrogallol) wliich was applied to the 
■nTifcing to fix it, 

^iline dj^estuffs soluble in oil are claimed by 
Hickisson {B.P, 6316, 1893) as the colouring 
matter in marking-ink pencils. For this purpose 
they are incorporated with a suitable medium 
such as gum tragacanth, kaolin and borax. 
Some of the aniline marking-ink pencils now sold 
produce characters that are very fugitive. 

Organic pigments are now to be obtained 
rivalling the most permanent mineral pigments 
in fastness. Thus Indanthrene Blue G, after 
exposure to the air for 18 months was fotmd to 
be as permanent, though not quite so brilliant, 
as cobalt blue. 

C. A. 

1 NOS I NAS E (u. Vol. IV, 3157). 

INOSITOL , — Several polyhydroxy-cycio- 
hexanes occur naturally, and of these the 
inositols are the best known. They are hexa- 
hydroxycyc/ohexanes (hexitols). Nine stereo- 
isomers of this formula are possible, according 
to the positions of the h3'drox34 groups on each 
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carbon atom, relative to each other and to the 
plane of the ring. For convenience, the above 
structure of Z-inositol is expressed b3" the 

symbols ^ indicating that the hydroxj'l 

groups attached to carbon atoms 1 4, and 5 lie 
above the plane of the ring, and those attached 
to carbon atoms 2, 3 and 6 lie below the plane. 
Using this shorthand, the theoretically possible 
123456 12345 

stereoisomers are : 


12341235 


0 ’ 6 ’ 
1245123135236 


5 6 
14 5 


’ 4 6’ 3 6 ’ 4 5 6’ 2 4 6’ 1 4 5’ 

. Other variations -nill be found upon 

2 3d 

examination to be identical with one of these 
structures. In particular, it should be noticed 
that in one ease only is the mirror image non- 


coincident ; 

.,145 
wit. 


2 3 G 
14 5 


cannot be made to coincide 


'^2 3 6 
isomerides. 


and these two are therefore optical 

The other isomers are inactive. 

Of these nine possible structures, four onlv 
have been isolated. These are d- and 1-inositol, 
meso- or i-inositol, and sc3*IlitoI. All occur 
natural^, either free or combined. AU have 
closely similar chemical properties. They are 
white crystalline solids, readily soluble in water, 
sparingly soluble in alcohol. Like the sugars 
they have a sweet taste, and in fact are isomeric 
with the hexoses, having the molecular formula 
CgHigOg, Prom the formula! of l-mannose 
and binositol given above, the transformation 
of a hexose to an inositol would appear to be a 
simple aldol change, but such a reaction has not 
3'et been carried out in vitro. A reaction of this 
t3q)C is, however, postulated in a series of 
changes recorded by 31icheel, Bubkopf and 
Suckfull (Ber. 1935, 68 [B], 1523). 

d- Inositol {matezodamhose). — ^il.p. 247-248°, 
Wr» +65° (in water), occurs as the monomethyl 
ether in Finns lamberiiana. Demethylation 
with hydriodic acid yields d-inositol. Its chemi- 
cal properties are typical of other inositols. 
Thus, it forms he.xa-acet3d and hexabenzojd 
derivatives. It reduces ammoniacal silver 
nitrate but not Febling’s solution, and does not 
mutarotate. The monomethyl ether, 'pinitol, 
foimd in P, lamberiiana, occiu-s also in senna 
leaves and in Madagascar rubber latex and has 
m.p, 186°, faJi) 4-65°. The structures of d- 
and 1-inositol are discussed immediately below. 

1- Inositol. — ^M.p. 247°, [ajj, —65°, occurs as a 
monomethyl ether, quebrachiiol, in quebracho 
bark and in rubber latex. Demethylation "with 
hydriodic acid 3delds /-inositol (Tanret, Compt. 
rend, 1889, 109, 908). Quebrachitol is a white 
crystalline solid, m.p. 190°, [ajp —80°. 

The structural formula! of d- and i-inositol are 
readily assigned, since of the nine possible 
stereoisomers two only are optically active and 
enantiomorphs. One of these is shown above 
(i-inositol ) ; the other is its mirror image. 
These structures are in agreement Tvith the 
isolation of both mucic acid. 
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OH OH H 


H O O C— C C C C— CO O H 

i i r I ' 

OH H H OH 

and d-saccharic acid, 

H H OH H - 

H O O C— C C C C— C O O H 

I i I i 

OH OH H OH 

on oxidation of i-inositol with permanganate 
(Postemak, Helv. Chim. Acta, 1936, 19, 100/). 
The configurations assigned are not absolute 
but are dependent upon the convention used in 
the sugar series. 

Racemic, di- Inositol.— M.p. 253 , can be 
formed by mixing equal weights of d- and /- 
inositol, and occurs naturaUy in mistletoe hemes 



INOSITOL. 


495 


and in blackberries. Ifc is, of course, inactive 
(Tanret, Compt. rend. 1907, 145, 1196). 

i- Inositol {mesohiositol, dambose, micite) is the 
isomer most commonly found in nature. It 
occurs in muscle, heart, lungs and liver and 
many other human and animal organs. In 
plants it is also widespread, especially in leaves 
(asparagus, oak, ash, walnut, etc.), frequently 
esterified "with phosphoric acid (e.g. phytin). 
The large-scale isolation from the steep-waters 
from the preparation of corn starch has been 
described by Hoglan and Bartow (Ind. Eng. 
Chem. 1939, 31, 749). A monomethyl ether, 
bornesitol (m.p. 199°) is found in Borneo rubber : 
a dimethyl ether, dambonitol (m.p. 195°) has 
been isolated from Gaboon rubber. An isomeric 
monomethyl ether, sequoyite, has been isolated 
from redwood (Sherrard and Kurth, J. Amer. 
Chem. Soc. 1929, 51, 3139). 

i-Inositol is a white crystalline solid, m.p. 
225°, optically inactive and non-reducing. The 
following derivatives have been described : 
the hexa-acetale, m.p. 212°, the monobromo- 
inosilol penta-acetate, m.p. 240°, dibromoinositol 
telra-acelale, m.p. 140° or 235°, and the inositoldi- 
bromohydrin, m.p. 210° (MiiUer, J.C.S. 1907, 91, 
1780; see also Griffin and Nelson, J. Amer. 
Chem. Soc. 1915, 37, 1555) ; the hexapropionate, 
m.p. 100°, the hexa-n-butyrate, m.p. 81°, the 
Jiexa-isobutyrate, m.p. 181°, the hexa-n-valerale, 
m.p. 63°, the hexa-isovalerate, m.p. 147°, and the 
hexa-d:5-dinUrobenzoate, m.p. 86° (Hoglan and 
Bartow, lx.). On oxidation mth nitric acid 
{d 14) it 3delds the ketone inosose (penta- 
hydroxy cyclohexanone), m.p. 198-200° (Poster- 
nak, Helv. Chim. Acta, 1936, 19, 1333). 

The allocation of a structural formula to 
t-inositol is difficult. Since it is optically in- 
active, the structures and above) 

14 6 / o o 

may be ruled out; in fact, they belong to d- 
and 1-inositol. Seven possibilities remain, and 
these are reviewed by Postemak (Compt. rend. 
1929, 188, 1296). The following considerations 
enable a formula to be suggested ; 

(a) A tetraphosphate of i-inositol with a 
negative rotation has been prepared. This fact 

, J X X 1 2 3 4 5 6,,,, . 

excludes structure ^ . (o) An in- 

active monophosphate is known (Andersoil, 
J. Biol. Chem. 1916, 20, 480, 495). This ex- 
cludes structure ^ ^ (c) The action of 

o 0 

fuming nitric acid on mono- and di-phosphates 
of i-inositol gives both racemic and inactive 
tartaric acids. These cordd not be obtained 
13 5 

from the structure ^ . (d) Oxidation with 

alkaline permanganate at 0° gives among other 
products, aUomucic acid. 
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Of the remaining structures, this acid can only 

be obtained from - ^ ^ 

6 


The structure of- i-inositol would therefore 
appear to be : 
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i-Inositol. 

Tliis configuration is supported by more recent 
work by Posternak (Arch. Sci. phys. nat. 1941, 
[v], 23, Suppl. 44). Acetobacter suboxydans 
oxidises i-inositol to give a keto-group at Cg, 
and on further oxidation (KMnO^-NagCOg) 
di-saccharic acid is formed, establishing the 
structure of the ketone. The latter on catatytic 
reduction (Hg-PtO,) yields i-inositol quantita- 
tively. If sodium amalgam is used for the 
reduction, scyllitol is also formed (see below). 

i-Liositol has been found to promote the 
growth of bacteria and other organisms, includ- 
ing yeast. In this connection it has been called 
“ bios A review of these accessory growth 
factors has been given by Koser and Saunders 
(Bact. Revs. 1938, 2, 99) {v. Growth-Pko- 
motinq Substances, this Vol., p. 138). 

A hexaphosphate of i-inositol, phytic acid, 
occurs as an alkali salt {phytin) in plants and 
plant seeds (see Postemak, Compt. rend. 1919, 
169, 139; Helv. Chim. Acta, 1921, 4, 150; 
Anderson, J. Biol. Chem. 1915, 20, 496). 

Scyllitol (cocositol, quercinitol), m.p. 349°, 
is a fourth stereoisomer of the inositol group. 
It has been foimd in organs of the dog-fish 
{Scyllium canicula) and in the cocoanut palm 
{Cocos species) and in Acanthus vulgaris, Cornus 
fiorida, etc. Recent work by Posternak {l.c. 
1941) indicates that scyllitol differs from 
i-inositol only in the configuration around Cg. 

The preparation of other isomers has been 
reported from the action of acids on i-inositol 
(Muller, J.C.S. 1912, 101, 2393) and by reduction 
of the ketone inosose (Posternak, Helv. Chim. 
Acta, 1936, 19, 1333). Little is Imown of these 
products. 

An A-ray examination of I- and i-inositol and 
of quebrachitol has been made (Patterson and 
White, Z. Krist. 1931, 78, 76 ; White, ibid. 80, 1). 

For the detection of inositols, Scherer’s re- 
action is used (Annalen, 1852, 81, 375). Evapora- 
tion with nitric acid and then with ammoniacal 
calcium chloride yields a rose-red coloration if 
0-0005 g. of inositol is present. The estimation of 
inositols in the presence of glucose, using periodic 
acid, is described by Eleury and Joly (J. Pharm. 
Chim. 1937, 26, 341, 397). D. W. WooUey (J. 
Biol. Chem. 1941, 140, 453) determines i- 
inositol by its growth-promoting effect upon 
yeast preparations. 

Pentitols. 

Owing to their close relationship to the 
inositols (hexitols), the pentahydroxycycio- 
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hexanes (pentitols) may he mentioned here. 
Of the sixteen possible stereoisomers of this 
formula, two only are known, both optically 
active. They are named d- and \-quercitol, but 
they are not enantiomorphous. This nomen- 
clature is therefore unfortunate, since enantio- 
morphs may well be found. 

(Z-Quercitol, m.p. 234°, -f24° 

(in water), is found in acorns arid to a small 
extent in the leaves and bark of the oak. It 
has also been isolated from the leaves of 
GJiaemaerops humilis Linn., the European member 
of the palm family (H. Muller, J.C.S. 1907, 91, 
1766). The presence of five hydroxyl groups is 
shown by the formation of a penta-acetate and 
pentanitrate. It is reduced by hydriodic acid 
to a mixture of aromatic derivatives, including 
benzene, phenol, pyrogallol and quinone, and j 
aho to hesane. 

The structure of d-quereitol has been the sub- 
ject of communications by Karrer (Helv. Chim. 
Acta, 1926, 9, 116), Kiliani and Scheibler (Ber. 
1889, 22, 517 ; 1931, 64 [B], 2473) and Postemak 
(Helv. CMm. Acta, 1932, 15, 948). The isolation 
of mueic acid from the products of oxidation by 
nitric acid (Kiliani) agrees with structures ex- 

256256 

pressed by the arrangements ■ , or 

i 4 o ^ 

their mirror images, {see above for 

° 2 o 6 2 o 6 

explanation of the notation). Postemak (l.o.) 
oxidised d-quercitol with alkaline permanganate 
at 0° arid isolated metasaccharonic acid (yield 
19%) from among the products. This acid he 
identified by degradation of the corresponding 
aldono-lactone (metasaccharm) to d-2-deoxyxy- 
lose (Levene and Mori, J. Biol. Chem. 1929, 83, 
803). 
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d-Quercitol. 

The structure of d-quercitol follows, but it is, 
of course, dependent upon the convention which 
allocates the configuration of d-glucose. It may 
be noted that d-quercitol is a deoxy-d-inositol. 

t-Quercffof, m.p. 174°, [ajj, -74° (in water), 
occurs in the leaves of Gymnema sylvestre. It is 
not the enantiomorph of tZ-quercitol and its 
structrare is not known. 

G. T. Y, 

INSECT WAX (Chinese Wax, Chinese In- 
sect Wax) is the secretion of an insect, Coccus 


ceriferus Fahr. (G.^ieia Westwood), which infests 
the bark and twigs of the “ evergreen tree,” 
lAguslrum lucidum Ait. growing in Western 
China. It should not be confused with the so- 
called “ China wax,” the Chinese variety of 
oriental beeswax, v. Ghedda Wax. 

E L 

INSECTICIDE EMULSIONS (u. Vol’w 
sold). . 

INSULARINE. Irisularine has been iso- 
lated together with a second base from the root, 
of Cissampelos insidaris Makino (Fam. Sleni- 
spermace®) by Kondo' and Yano (J. Pharm. Soc. 
Japan, 1927, 47, 107). G. ocMaiana Yamamoto 
also contains insularine (Kondo and Tomita, 
Arch. Pharm. 1936, 274, 76). 

Insularine, Cg-HagNjOg, +27-95°, m.p. 
160°, is amorphous and easily soluble in EtgO 
'(thus separated from accompanying base). *It 
contains three methoxyl and two N-methyl 
groups, the three remaining oxygen atoms occur 
probably in ether linkages. The Hofmann 
degradation of the methiodide yields an a- 
meihine, m.p. 115°, [ 0 ]^ + 110-6°, and a $-methine, 
m.p. 185°. Further degradation yields a N-free 
compound, m.p. 208° and [a]Jf+ 73-37°, needles 
from ether. 

The constitution of insularine is stUl imknown ; 
for absorption spectrum, see Ochiai, J. Pharm. 
Soc. Japan, 1929, 49, 425. 

Insularine belongs to the group of the bisco- 
claurine alkaloids {v. Vol, HI, 230c) which con- 
tain 2 mol. of substituted benzyltetrahydroico- 
quinplines joined together by one or several 
oxygen-bridges. To the same chemical group 
belong dauricine {q.v.), ozyacanthine {v. Vol. I, 
683c), berbamine, telrandrine, pJisentbine, etc. For 
surrey on this group, see Kondo and Tomita (he.). 

Schl. 

INSULIN, THE ANTIDIABETIC 
HORMONE. Insulin is a protein hormone 
from pancreas and is an important factor in the 
metabolism of carbohydrate in the body. 
When injected into the normal (curve II) or 
diabetic (curve I) animal it produces a temporarj' 
decrease in blood sugar. 

It is used for the ameh'oration of the sjouptoms 
of diabetes mdlitus, the cause of which may he a 
failure of the pancreas to supply enough insulin 
for the needs of the body. Symptoms of this 
disease include hunger, thirst, polyuria and 
muscular weakness. The blood sugar is high, 
and glucose, often accompanied by acetoacetic 
acid, acetone and )3-hydroxybutyric acid, is 
excreted in the urine. 

Removal of the pancreas was shovTi by von 
Mering and ilinkowski (Arch. exp. Path. 
Pharm. 1890, 26, 371) to cause diabetic symp- 
toms. The occurrence of diabetes when the 
main gland was removed was prevented by 
grafting a portion of the pancreas on to the 
abdomen. They postulated that diabetes meUitus 
is caused by the absence from the body of a 
principle essential for carbohydrate metabolism. 

In mammah’an pancreas there co-exist zymo- 
genous tissue, supplying an exocrine secretion 
which passes through the pancreatic duct into 
the duodenum, and a number of microscopic 
islets, first described by Langerhans, whose cells 
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are the source of the endocrine secretion of 
insulin into the hlood stream. These islets are 
frequently in anatomical continuity with the 
zymogenous tissue. Until 1921 many unsuc- 
cessful attempts were made to obtain pancreas 
extracts wliich would be active by oral admuu- 
stration or by injection to diabetics. These 
failures may have been due to the destruction 
of insulin by the proteolytic enzymes of pan- 
creatic juice which are present in aqueous 
extracts of the whole gland. On this assumption 
Banting and Best (J. Lab. din. Med. 1921-22, 7, 
251, 4G4) ligated the ducts in dogs, thus bring- 
ing about the degeneration of the zymogenous 
tissue. The dogs were then killed and their 
pancreas ground with sand and Ringer’s solution. 
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The extract was heated and the liquid filtered 
and when injected into depancreatised dogs 
produced a rapid decrease in glycajmia or 
glycosuria. Banting and Best also succeeded 
in preparing active extracts from foetal calves’ 
pancreas at a stage before the fifth month of 
gestation when the endocrine insulin secretion 
is already active while the exocrine enzyme 
secretion has not yet been formed. In certain 
fishes (Teleostei) the islet tissue occurs apart 
from the zymogenous tissue and jMaclcod 
(J. Metab. Research, 1922, 2, 149} prepared 
active extracts from this tissue. 

The use of aqueous alcohol by CoUip (J, Biol. 
Chem. 1923, 55, xl-xh) and aqueous acid alcohol 
by Doisy, Somogyi and Shaffer [ibid. 1923, 55, 
xxxi), made possible a commercially practicable 
process for the production of msulin from whole 
ox-pancreas. Salting out and isoelectric preci- 
pitation of the insulin protein to the partial 
exclusion of other proteins provide methods of 
purifying it. hloloney and Bindlay (J. Chem. 
Physics, 1924, 28, 402) adsorbed insulin on char- 
coal and then digested the charcoal with benzoic 
acid in 60% alcohol. The more easily adsorbed 
VoL. VI.— 32 


benzoic acid replaced the insulin, wliich was 
recovered by evaporating the alcohol and ex- 
tracting the aqueous insulin solution with ether 
to remove excess benzoic acid. 

Dudley (Biochem. J. 1923, 17, 376) purified 
crude insulin by precipitating the active material 
from aqueous solution by picric acid and subse- 
quently regenerating the hydrochloride from the 
picrate by alcoholic hydrochloric acid. 

Pkepaeation. 

A typical method of preparing insulin is that 
employed by the Toronto workers, Scott and 
Parker (Trans. Roy. Soc. Canada, 1932, [iii], 
26, V, 311) 1 : 

100 lb. of fresh ox pancreas freed from excess 
fat and connective tissue are cooled to 4°o. as 
soon as possible after slaughter. The glands are 
minced and dropped into 25 gallons 95% alcohol 
(ethyl, denatured with 10% methyl alcohol), 
5 gallons water and 1,200 ml. cone. HCI. The 
mixture is agitated for 1 hour and then allowed 
to stand overnight. The liquid is then drawn off 
by centrifuging and the residue re-extracted 
with an amount of 60% alcohol equal in volume 
to the liquid removed during the centrifugation. 
The combined extracts are adjusted to pjj 8 
with ammonia, filtered and the filtrate re- 
acidified by adding 140 ml. of cone. H2SO4 to 
each 50 gallons of solution 300 gallons of such 
acidified filtrate are evaporated to about 40 
gallons in a vacuum still at a vapour temperature 
not exceeding 25°. After distillation, the con- 
centrate, at Pji 2, is quickly heated to 60° and 
filtered to remove the coagulated lipoid. After 
filtering and cooling to 30° the active material 
is then salted out by the addition of sodium 
chloride to a concentration of 25%. The crude 
protein from 600 lb. pancreas is then dissolved 
in 30 litres of water and reprecipitated by 
sodium chloride at a concentration of 15%. The 
precipitate, weighing about 150 g., is readily 
dissolved in 5 litres water containing 10 ml. of 
N.-HCI. Tricresol to 0-3% concentration is 
added to four such combined lots of solution, 
the reaction is adjusted to jOg 6 by adding 
5N.-NaOH and the mixture is kept at 2° for one 
week. The active precipitate which separates 
is removed and dissolved in 7 litres of distilled 
water contaming sufficient H2SO4 to make the 
reaction pjj 2. To this liquid 4 vol. of absolute 
alcohol are added slowly with stirring. After 
standing at room temperature for 2 days, the 
precipitate is separated and rejected, and to 
every 6-5 htres of liquor are added 3-5 litres of 
absolute alcohol and 10 litres of ether. The ' 
precipitated insulin, after standing with the 
solution at room temperature for 2 days, is 
removed, dissolved in 8 litres of distilled water 
and the solution adjusted to pjj 5. The resulting 
active precipitate is removed and dissolved in 
16 litres of distilled water containing enough 
HCI to make the reaction of the solution pjj 2-8. 
This solution is stcribsed by means of a Seitz 
[filter and the potency . assayed. The yield' of 
■ insulin is about 2,000 units per kg. pancreas, 
but varies according to the quality of pancreas 
employed. 

1 A more recent method Is described by Homans, 
Scott and risher In Ind. Eng. Chem. 1040, 32, 008, 
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Pisher and Scott (J. Biol, Chem. 1934, 106, 
305) found that the insulin content of cattle 
pancreas decreases with increasing age of the 
animal. 


Animal. 

Age. 

Units per kg. 

Foetal calves 

5 months 

29,200-38,800 


5-7 „ 

21,100-24,900 

Calves . 

G-8 weeks 

10,400-12,800 

Cattle 

2 years 

3,900-6,100 

Cows 

9 „ 

1,700-2,000 


Peopebties. 

Crystalline Insulin. — ^Abel (Proc. Nat. 
Acad, ScL 1926, 12, 132) &rst described crystal- 
line insulin which he obtained in the form of 
microscopic rhomhohedra by dissolving insrilin 
in weak acetic acid and removing contaminating 
impurities by precipitation vath brucine. After 
adding m./ 6 pyridine to the clear solution there 


was produced on standing a precipitate of 
crystalline and amorphous insulin. Harington 
and_ Scott (Biochem. J. 1929, 23, 384) described 
an improved method of preparing insulin cry- 
stals by the use of saponin and precipitating 
with ammonia. The crystalline insuh'ns obtained 
by Abel and by Harington and Scott using their 
own and Abel’s method were submitted to careful 
assay by Culhane, Marks, Scott and Trevan 
(ibid. 1929, 23, '397), using different methods; 
the results showed variation according to the 
method used from 20 to 27 international units 
per mg. 

Insuhn salts such as hydrochloride, sulphate, 
picrate have not been crystallised but are 
readily obtained as amorphous powders. Scott 
(ibid. 1934, 28, 1592) found that the crj’^stals 
contain zinc and that traces of salts of 
zinc, cadmium, nickel and cobalt facilitate 
crystallisation and showed, moreover, that 
electrodialysed insulin of low ash content could 
not be induced to crystallise without the 
addition of traces of these metals. • He elaborated 
a method of crystallisation by adding insulin to a 



phosphate buffer containing 10% acetone and a 
salt of zinc, the insulin concentration in the mix- 
ture being about 0-1% ; ■«’djustment of the 
mixture to resiilted invariably in pro- 

duction of crystals or crystals ind amorphous 
insulin (in the latter case the crystals can be 
separated from the amorphous by ^^ntle centri- 


fugalising). \ 

Scott (Trans. Roj^ Soc. Canada, 1532, [iii], 
26, V, 275) succeeded in obtaining twolbrms of 
crystalline insuh'n, a wedge-shaped for^ from 
aqueous acetone acetate buffer at pg ^5 
the more usual rhomhohedra from the \6ame 
procedure at pg 6. The crystals were iden'tical 


in composition and potency. Insulin is, there- 
fore, dimorphous. 

Physical. — Insulin hydrochloride forins a 
white powder, non-deliquescent and readily 
soluble in water. Adjustment of the aqueous 
solution to pg 5’5 causes the formation of aii 
isoelectric precipitate which Wintersteiner and 
Abramson (J. Biol. Chem, 1933, 99, /4 ) 
found to have a constant solubility in sWdU 
acetate buffer at pg 4-8-6-5 of 0-0004%. T e 
isoelectric precipitate is readily soluble in au 
acids and alkalis although high coricentrations 
of the former reprecipitate it with loss o 
potency. Crystalline insulin dissolves readily 
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in dilute acid and with difficulty in alkaU. In solution, insulin is laivo-rotatoiy, the 
Insulin is soluble in phenol, cresol, formamide, degree of rotation depending on the reaction of 
strong aqueous solutions of amides, anhydrous the medium, thus : 
liquid ammonia and aqueous acetone and alcohol 
below 80%. It is insoluble in pyridine, alcohol, 
acetone, ether, chloroform, ethyl acetate, xylene, 
benzene, toluene, propyl, butyl and amyl 
alcohols, petroleum and most other anhydrous 
organic solvents. High temperatures in aqueous 
solution cause inactivation and it is more un- 
stable in alkaline than in acid solution. Heating 
to 100° in the dry state has little effect. Accord- 

(Biochem. J. Jnsuhn has a characteristic absorption band 
1928, 22, 1231) the hau-hfe period of insulm at lyjug between 2,500 and 2,900a. which has been 
Ph 4 at various temperatures is : ascribed to the cystine and tyrosine content. 

Ultra-violet light of various wave-lengths in the 
presence of oxygen inactivates insulin. Ciow- 
foot (Nature, 1935, 135, 591) by A-ray photo- 
graphs of single insulin crystals showed that they 
had simple rhombohedral cells with a=44-3A. 
and a=115°. Their density was found to bo 
1-306. The crystal unit cell contains 1 mol. of 
insulin only and each molecule is surrounded by 
eight others, one each at 30a. above and below 
Insulin does not dialj^se readily through col- along the trigonal axis and six at 44a. along the 
lodion membranes. edges of the primitive rhombohedron. Insulin 



Rhomboiiedbal Insulin Crystals. 


is adsorbed from water by fuller’s earth, char- turn broun at 215° and melt vith decomposition 
coal, kaolin, benzoic acid, salicylic acid and at 233°. -Apart from its zone of insolubility in 
aluminium hydroxide. aqueous solution from 4-5-0, insulin may be 

Chemical. — Isoelectric or cr 3 'stalline insulin precipitated from solution by all the usual 
can be converted into the hydrochloride or sul- protein precipitants such as picric, tannic, 
phate by dissolvnng in dilute hydrochloric or flavianic, tungstic, tnchloroatctic, phosplio- 
sulphuric acid and adding 10 lol. of acetone, tungstic and Beinccko’a acids, heavy metal 
when the salt separates as a llocculent white hydroxides, etc. It may be salted out of acid 
precipitate. Cr^^stallme insulin exhibits the solution, completely by half saturation vith 
usual properties of a protein giving the biuret, neutral salts such as sodium chloride or am- 
hlillon, Paul}', ninhydnn and xanthoproteic monium sulphate, and in this lespcct more 
reactions. It does not contain phosphorus, closely resembles a globulin than an ovalbumin, 
however, and the tests for tr}'ptophan and carbo- Attention has recently been directed to the 
hydrate are negative. On heating, the crystals precipitation of insulin in neutral solution by 


Temperature 

HaJf-Jife period. 

40° 

0 months 

30° 

2 years 

20° 

10 „ 

10° 

50 „ 

0° 

377 „ 


Medium. 

Insulm 

strength 

[a]. 

0 002n. HCI . . 

0-5% 

1 

o 

o 

IGn. acetic acid . 

0 5% 

-18° to -30° 

1-3n. ammonia . . , 

1 

0 5% 

-04° 
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basic substances such as bistones, protanoines or 
their degradation products, and by spermine and 
guanidine derivatives in attempts to produce 
complexes having more prolonged hypoglycsemic 
action. 

The nitrogen and sulphur contents of crystal- 
line insulin are variously given as 14*4-15-4% 
and 3"15-3-44% respectively. Smier and du 
Vigneaud (J. feol. Chem. 1937, 118, 101) ac- 
counted for 95*^ of the sulphur as present in 
cystine when the hormone %vas hydrolysed by a 
mixture of formic and hydrochloric acids, while 
previously with ordinaiy hydrochloric acid 
hydrolysis it had been possible thus to identify 
onlj’^ three-fourths of the total sulphur. Sullivan 
and Hess {ihid. 1939, 130, 745) showed that 
reciystalUsation of insulin from an ammonium 
acetate-pyridine buffer, while leaving the total 
sulphur content of the compound unchanged, 
affects a part of the cystine components in such 
a Avay as to lead to losses of sulphur in volatile 
form during hydrochloric but not hydrochloric- 
formic acid hydrolysis. Insulin reciystaUised 
from a phosphate buffer showed no such evi- 
dence of labile cystine. No difference could be 
detected in the physiological assay value of the 
two products. Scott and Eisher (Biochem, J. 
1935, 29, 1048) found 0-52% of zinc in crystalline 
insulin, corresponding to 3 atoms of zinc per mol., 
assuming a molectilar weight of about 37,000. 
Cohn et al. (J. Amer. Chem. Soc. 1941, 63, 17) 
have used radioactive zinc to ptepare iosuhn 
crystals so that analysis of zinc content cotdd 
be carried out with reasonable accuracy on 0-2 g. 
After repeated equilibrations ^vith conductivity 
water at reactions between 5 and 6-4, which 
would be expected to remove occluded zinc 
salts, a zinc content of about 0-3% corresponding 
to 2 zinc atoms per mol. was obtained even from 
crystals containing initially 0-6% zinc. Sahjuin 
(J. Biol. Chem. 1941, 138, 487) has, however, 
described a crystalline insulin wth a zinc content 
of only 0-15%. 

When instilin is heated in s./lO HCI at 100°, 
a flocculent inactive precipitate forms which is 
soluble in dilute alkali at pu 11 and then regains 
its solubibty in acid and also 80% of its activity. 

Inactivation of insulin is brought about by 
HCHO, strong acids and alkalis, dilute HNOg, 
X./2 NH4OH, N./IO NaOH, acetic anhydride, 
0-75X. HCI in 75% EtOH, cysteine, glutathione, 
thioglycollic and thiolactic acids, Ig, H 2 O 2 , 
Na 2 S 03 , KgFelCNle, H 2 S, H 2 S 2 , diazo- 
methane, Na and Mg amalgams, Mel, leuco- 
Jlethylene Blue, hydrocyanic acid, ketene, 
ascorbic acid and quinol. These reagents may 
bring about inactivation by either : (1) re- 

duction of the disidphide groups; (2) esterifi- 
cation or acetylation of the amino-, imino- or 
phenolic hydroxy-groups; (3) hydrolysis of 
peptide bonds ; or (4) destruction of amino- 
groups, c.ff. by HN02- Reduction by specfic 
reagents of — S — S — groups, as in cystine and 
glutathione, irreversibly inactivates the hormone 
and in proportion as SH groups are set free, 
although the degree of inactivation increases 
much more rapidly than that of reduction. Ths 
reduced insulin has also lost the characteristic 
heat-precipitation reaction. Insulm may be 
acetylated with acetic anhydride in the cold 


(Freudenberg e( al., Z. physiol. Chem. 1928, 175, 
1 ; 1932, 213, 241), producing an inactive sub- 
stance which may regain a large part of its 
activity on hydrolysis with dilute alkali. More 
recently. Stem and White (J, Biol. Chem. 1937- 
38, 122, 371) have shown that the interaction of 
ketene and insulin produces acetylation of the 
amino-groups only, with no inactivation if the 
time of contact is short. After this, the phenoh'c 
hydroxy-groups are acetylated with loss of 
activity. Carr el al. {ibid. 1929, 23, 1010) found 
that insulin became inactive when allowed to 
stand in acidified alcohol for several hours and 
was partially reactivated by dilute alkali. In- 
activation also occurs with other solvents such 
as acetone in the presence of hydrochloric acid 
so that the process may be due to a reversible 
intramolecular rearrangement (Scott and Fisher, 
ibid. 1935, 29, 1050) rather than to esterifi- 
cation. Hydrolysis of peptide bonds by acids 
or alkalies leads to irreversible inactivation 
accompanied by a decrease in cystine or amino- 
nitrogen content or both. Reversible inacti- 
vation is generally produced by reactions in- 
volving a blocking of the amino- or phenolic 
groups. The hypoglycsemic activity of insulin is 
thus apparently associated vdth certain dithio-, 
phenolic and probably amino-groups which are, 
however, found in most proteins. The activity 
is either a property of the molecule as a whole 
or is due to some labile unit which has hitherto 
escaped detection. 

Enzyme Action. 

Irreversible inactivation is produced by pepsin, 
trypsin and papain, but not by trypsin-free 
erepsin, non-activated kinase-free trypsin, amino- 
polypeptidases, dipeptidase, protaminases or 
carboxypolypeptidases. Any proteolytic or other 
degradation with a view to obtaining a smaller 
molecule with the same physiological actions 
has always residted in less activity. 

Harington and Neuberger (ibid. 1936, 30, 809), 
from results of electrometric titrations in aqueous 
and 80% alcohol solutions, deduce that insulin 
has an acid-binding capacity of 43±2 groups 
per mol. and a base-binding capacity of 60-70 
groups per mol. 

Insulin has been found to have a molecular 
weight of 35,000 and 37,000 by ultra-centrifugal 
and X-ray measurements respectively with a 
spherical molecule of the ovalbumin type. 

The following table, by du Vigneaud (Cold 
Spring Harbor Monographs, 1938, Proteins, 
p. 279) of the distribution of aminoacids and 
other constituents is based on Bergman’s theory 
of the presence of 288 mol. of aminoacid in the 
Svedberg unit of molecular weight 35,100. 

Wrinch (Proc. Roy. Soc. 1937, A, 160, 59; 
161, 505) in her cyclol theory suggested that the 
arrangement of these 288 residues in a closed 
cage molecule in the form of a truncated tetra- 
hedron may be the appropriate structure for 
globuiar-^’pe proteins like insulin, pepsin and 
egg albumin of molecular w^eight 35,000. 

Physiological Action. 

Tncnlin when injected lowers the blood sugar 
and, if the dose is large, may cause hypogly- 
csemic "coma, convulsions and death. Intra- 
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Aminoacid. 

Per cent, aminoacid 
residue. 

Molecules aminoacid 
residue. 

Molecules 
calculated as 
2in X 3n, 

Pound. 

Calculated. 

Found. 

Calculated. 

Lysine 

1-98 

2-2 

5-4 

6 

21x31 

Arginine 

2-88 

2-66 

6-5 

6 

21x31 

Histidine 

7-10 

7-0 

18-2 

18 

21x32 

Tyrosine 

11-00 

11-2 

23-6 

24 

22x31 

Cystine 

10-70 

10-5 

36-6 

36 

22x32 

Glutamic acid 

26-30 

26-4 

71-6 

72 

22x32 

Leucine 

25-90 

23-2 

80-4 

72 

22x32 

Phenylalanine 

1-0? 

— 

— 

— 

— 

Proline 

10-0? 

— 

— 

— 

— 

Total accounted for .... 

85-86? 

83-16 

242-3 

234 

— 

Theoretical 


100-00 

— 

288 

— 


Per cent. 

Molecules or groups. 

Molecules 

Constituent. 





calculated as 






2m X 3°. 


Found. 

Calculated. 

Found. 

Calculated. 


Zinc .' 

0-52 

0-56 

2-8 

3 

2»x3i 

Amide amino 

1-55 

1-64 

34 

36 

22x32 

Sulphur 

3-2 

3*28 

35 

36 

22x32 


venous injection produces the quickest response, 
and then subcutaneous, with intrathecal and 
subarachnoid the slowest. Although depression 
of blood sugar continues for several hours after 
intravenous injection, yet only 10% of the 
insulin remains in the blood after 50 minutes. 
For small doses in rabbits U. per kg. body 
weight) the ratio dose/fall in blood sugar is 
logarithmic. Mice show little response at 18° 
but go into convulsions at 30°. The speed of 
action of insulin is dependent on the metabolic 
rate of the animal itself. Frogs react very slowly 
to doses of insubn. Insulin produces hypo- 
glycemia but no convulsions in the fowl. In 
man symptoms include hunger, fatigue, mental 
distress and delirium, and in cats salivation. 
Decreases in sugar of lymph and cerebrospinal 
fluid are also recorded. Insulin secretion occurs 
early in fcetal life. Injection of insulin causes 
increases in acidity and chloride content of 
gastric juice in normal humans. Briggs el al. 
(J. Biol. Chem. 1923, 58, 721) showed that insulin 
caused a decrease in concentration of blood- 
phosphOrus and -potassium in animals, and 
Kay and Robison (Biochem. J. 1924, 18, 1139) 
conclude that insulin brings about synthesis of 
esters of phosphoric acid in the corpuscles from 
the blood-glucose and inorganic phosphate. The 
blood of depancreatised animals contains 10-20 
times as much acetaldehyde as normals' and in- 
j ections of insulin restore it to normal. Insulin 
coimteracts adrenaline hyperglycasmia and 
simultaneous injections of insulin and adrenaline 
may produce no change in blood sugar. 
Bilaterally adrenalectomised animals are hyper- 
sensitive to insulin. Bum (J. Physiol. 1923, 57, 
318) found that pituitrin reduced adrenaline 
hyperglycremia, but found an unexpected 
antagonism to insulin action by pituitrin. Bum 
and Marks (ibid. 1925, 60, 131) found that 
thyroidectomy greatly increased the sensitivity 


of animals to insulin. Insulin injection pro- 
vokes a fall in body temperature. Houssay 
(New England J. Med. 1936, 214, 961) found 
that diabetic symptoms following pancreatec- 
tomy were considerably ameliorated by hypo- 
physectomy performed either before or after the 
removal of the pancreas. Young (Lancet, 1937, 
ii, 372) has found that injection of an anterior 
pituitary diabetogenic extract into dogs produces 
a condition simulating human diabetes, and 
further (Marks and Young, ibid. 1940, i, 493), 
that a “ pancreotropic ” extract ‘prepared in 
another way from the same gland produced on 
injection an increase in the insulin content of rat 
pancreas. The exact role of insulin in carbo- 
hydrate metabolism is still obscure though a 
specific in vitro effect has been described by 
Krebs el al. (Biochem. J. 1938, 32, 913) where 
the oxidation of citric acid by pigeon breast 
muscle is catalytically increased by insulin. 

Administration of Insulin. 

Insulin is usually administered in solution as 
the hydrochloride by subcutaneous injection. 
Intravenous or other parenteral injections, 
however, produce a blood-sugar-lowering effect. 
The requirements vary widely in different cases 
of diabetes and normally range from 5 to 100 
units per person administered daily in 2-3- 
injections. Attempts made to obtain insulin 
preparations which could be given by mouth or 
as inunctions have not proved successful. Since 
insulin is destroyed by proteolytic enz 3 ’mes, oral 
administration must be designed to protect it 
against the digestive action of pepsin and trypsin. 
In general large amounts of insulin mixed with 
alkali-, oil-, saponin- or trypsin-inhibiting sub- 
stances have some slight effect when given 
orally, but this method of admim'stration remains 
uncertain. Ointments of insulin and lanoline 
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have little effect on an intact skin, vrliereas a 
recently abraded skin aUows appreciable absorp- 
tion to take place. Insubn may be applied to 
tbe mucons surface of nose and moutb Tritb 
sbgbt action. Administration by tbe oral route, 
by inunction or by endonasal appbcation re- 
quires large amounts of insulin and does not 
permit accurate quantitative dosage. 

Attempts bave been made to prolong tbe 
action of insulin by retarding its absorption 
v'ben injected (1) as an oil suspension or emul- 
sion, (2) vrftb a vasoconstrictor substance, and 
(3) as an insulin compoxmd sparingly soluble in 
bodj’’ fluids. Tbe last bas proved very success- 
ful. Hagedom et al. (J. Amer. Med. Assoc. 1936, 
106, 177) showed that insulin may be combined 
with some basic group so that the compound 
may bave its isoelectric point or zone of in- 
solubibty nearer to tbe reaction of tissue fluids 
than that of insulin itself. Kyrin, bistones, 
globins and protamines were tried but only the 
compounds of insulin and protamines were found 
to bave sufficiently low solubflities at 7. 
In particular the compound of ins ulin mtb the 
protamine derived from rainbow trout, Salmo 
irideus, was found to bave tbe very low solu- 
bflity of 10~® in water at pg 7*3. The amount 
of protamine combining with insubn is about 
1:10. Injections of tbe insulin-protamine sus- 
pension have a considerably prolonged action 
when compared with insubn hydrochloride. 
Scott and Fisher (J. Pbarm. Exp. Ther. 1936, 
58, 78) further showed that when a smaU amount 
of zinc (1 mg. per 500 units of insubn) is added 
to an insubn solution prior to tbe addition of 
protamine, the bypoglycaemic action of the 
resulting suspension is even more jirolonged 
than that of protamine-insulin without zinc. 
This protamine-zinc-insubn suspension is now 
frequentlj’ administered in preference to insubn 
hydrochloride, since one single daily injection 
of the suspension each morning may control 
gtycffimia and glycosuria where 2 or 3 injections 
of b 5 'drocbloride were previously required. 

Parkes and Young (J. Endocrinol, 1939, 1, 
108) bave reported that the implantation of 
pellets of solid crj'staUine insubn bas a pro- 
longed action. Insulin bas recently been used 
with success in the “ shock ” treatment of 
catatonic stupor and schizophrenia in which 
a coma-producing dose is given (Dussik and 
Sakel, Z. ges. Neurol, u. Ps 3 *cbiat. 1936, 155, 
351). 

STA^mAEDlSATIOX. 

Despite what is known of the chemical nature 
of insubn no chemical property or properties can 
be used as a true criterion of potency'. Even its 
crj’staUine form is not necessarily a criterion of 
homogeneitj-, since crj’stals have been obtained 
of potency 70% of the standard. In 1935 the 
League of Nations Health Organisation adopted 
as standard a sample of insubn recrystalbsed 
10 times under the supervision of Dr. Scott at 
Toronto. To this pure insubn there has been 
attributed after numerous biological tests in 
different laboratories the value 22 units per mg. 
Ab insubn is assayed in terms of tto standard 
which has been distributed to various centres 
throughout the world. -HI the methods of 


assay are, therefore, biological. In the rabbit 
test the animals are divided into two groups, 
one injected with the standard and the other 
TOth the unknown. Some days later the test 
is repeated with the same animals but with the 
groups reversed. The reductions of blood sugar 
in the rabbits injected Avith the standard insulin 
are then compared with the reductions produced 
by the sample of unknown potency. In the 
mouse test, carried out in a thermostat at 38°, 
the number of mice sent into convulsions by a 
certain dose of the solution to be tested is com- 
pared with the number convulsed by varying 
doses of the standard solution. The assay of a 
suspension of protamine-zinc-insubn made from 
a previously standardised insubn solution by the 
addition of zinc and protamine is carried out on 
rabbits against either a standard protamine-zinc 
insubn-suspension or against an ordinary' 
standard insubn hydrochloride solution, the 
shape of the prolonged-action cmve faffing mthin 
certain prescribed bmits. 

T. F. D. 

INTERATOMIC DISTANCES. — The 

distances between the atoms in a molecule may 
be determined by two entirely different methods, 
generally knovTi as (a) the spectroscopic method, 
and (5) the diffraction method. Each of these 
general methods may be subdivided. The first 
of the spectroscopic methods is based on the 
evaluation of the moments of inertia of the 
molecule from the fine structmre in the molecular 
spectrum due to the rotation of the molecule ; 
the second is based on an empirical relation 
between the interatomic distance (or bond) in 
question and its associated force constant, the 
latter being deduced from the vibrational fre- 
quencies in the spectrum. In this article these 
two spectroscopic methods vill be denoted b}’’ 
the respective symbols Sj and S 2 . The first of ‘ 
the diffraction methods is based on the theorj'^ of 
the diffraction of X-rays by a crystal lattice; 
the second is based on the theorj'' of the dif- 
fraction of electrons bj’- a gas. It is possible also 
to obtain interatomic distances by the diffrac- 
tion of X-rays in gases and the diffraction of 
electrons by ccj’^stals, but the accuracy in each 
case is veiy low and these methods need not be 
considered. The two diffraction methods will 
be denoted bj" Dx and De according as X-rays 
or electrons are being diffracted. 

The Sj method is applicable when the in- 
dividual rotation lines of the spectrum can be 
resolved, and is bj’ far the most accurate of all 
the four methods, the error being generally less 
than O-OOIa. U^ortunatety this method has 
not a Avide range of applicability, for the rotation 
lines become more difficult to resolve as the size 
of the molecule increases, since the spacings 
between them depend on reciprocals of the 
moments of inertia of the molecule. 3Ioreovcr it 
is ob^dously not possible to determine all the 
interatomic distances and angles in a complc.v 
molecule from a knowledge of the three moments 
of inertia. This last difficulty may be overcome 
to some extent bj' using different isotopic forms 
of the same molecule and b\' maldng assumptions 
regardinc certain of the interatomic distances 
and interbond angles well established from other 
molecules. 
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The $2 method is only applied when the 
rotational structure of the spectrum is smeared 
out, either because the moments of inertia of 
the molecule are very large (aroimd 100 x 10~^o 
g.-cm.2) or because the molecules are not in the 
gaseous state. By using only the vibrational 
structure of the spectrum it is possible in many 
cases to deduce the values of the force constants 
which characterise the resistance of the various 
bonds iu the molecule to stretching. Denoting 
the. force constant of a bond by Jsg then the 
restoring force brought into play when the bond 
is stretched by an amount x from its equilibrium 
value is hgx, and it has been found that hg can 
be related to the equilibrium bond distance, rg, 
by various empirical formulse. The constants 
in these formula depend on the positions of the 
two atoms in the periodic table and are deter- 
mined from molecules investigated by the Sj 
method. The formul® can then he applied to 
more complex molecules, to estimate interatomic 
distances with an error varying between 0-01 
and 0-05a. Although this method does not at 
present possess the accuracy of the other spectro- 
scopic method, it has a potentially much wider 
field of application. 

The Dx method depends on the fact that a 
crystal acts towards a beam of X-rays as a three- 
dimensional reflection grating and that the 
resulting diffraction pattern can be computed , 
from the relative positions of the atoms in the 
lattice and a knowledge of their scattering 
powers. It is not possible to compute the posi- 
tions of the atoms in the lattice directly from the 
X-ray pattern although recent developments 
have made it possible to locate the heavier 
atoms in a structure. The probable errors in this 
method lie between 0-01 and O-OSa. except in 
cases where the interatomic distance is deter- 
mined directly by the size of the unit cell (e.gr. 
diamond) when it may he reliable to O-OOIa. 

The De method suffers from the same dis- 
advantages as the Dx method, in that the inter- 
atomic distances cannot be deduced directly from 
the diffraction pattern of the electrons after 
passing through the vapour of the compound. 
The patterns to be expected from various models 
of the molecule can be computed and by trial and 
error a model is arrived at which gives the cor- 
rect diffraction pattern. The accuracy of this 
method is much the same as that of the X-ray 
method, an average figure for the error being 
0-03a. It should be added that both the 
difiraction methods are practically useless in 
locating hydrogen atoms. 

In the preceding chart have been collected 
most of the interatomic distances for atoms in 
the first two periods for which reliable values are 
now available. Below each distance is given 
the molecule in which this particular distance 
was found, and below that a symbol (defined 
above) indicating the method employed in the 
determination. In parentheses below each 
atom is given thePaulmg-Huggms covalent radius 
for that atom. According to Pauling (L. Paul- 
ing “The Xature of the Chemical Bond,’ 
1st ed., Cornell University Press, 1939, p. 153) 
any single bond interatomic distance can be pre- 
dicted by taking the sum of the relevant covalent 
radii for a double bond this sum should be re- 


duced by the factor 0'87, and for a triple bond, 
by the factor 0-78. Interatomic distances which 
lie between single and double bond, or double 
and triple bond distances are then taken to indi- 
cate the existence of two or more resonatin'^ 
structures for the molecule. Thus the C— C dis° 
tance in benzene .is 1-39a., compared with a 
single bond distance of 1-54a. and a double bond 
^tan ce of 1 •33a., indi eating that resonance exists 
in benzene. However, the Pauling-Huggins radii 
are not rehable enough to be apphed generally 
in this way and modifications have recently been 
suggested by Schomaker and Stevenson to take 
account of the electronegativity of the atoms. 

The distances given in the chart were com- 
piled from the following sources, which should 
be consulted for further details, and for inter- 
atomic distances between the heavier atoms ; 

Spectroscopic. — G. Herzberg, “Molecular Spec- 
tra of Diatomic Molecules,” Brentice-HaU, 
1939 ; Articles on Spectroscopy by G. B. B. M. 
Sutherland (Chem. Soc. Annual Rep. for. 1936 
and 1938) ; Papers by Herzberg, Douglas and 
others on Bg, BH, BCIg and Pg (Canad. J. 
Res. 1940 and 1941) ; H. R. Davidson, J. A. C. 
Hugill, H. A. Skinner and L. E. Sutton (Trans. 
Faraday Soc. 1940, 36, 1212) for A I — A I and 
A I — C distances. 

Electron Diffraction . — ^Review article by L. R. 
Maxwell (J. Opt. Soc. Amer. 1940, 30, 375); 
V. Schomaker and D. P. Stevenson, on some 
revised values of the covalent radii (J." Amer. 
Chem. Soc. 1941, 63, 37). 

X-ray and General. — ^L. Pauhng, “ The 
Nature of the Chemical Bond,” Cornell Uni- 
versity Press, 1939 ; R. B. Corey, on interatomic 
distances in proteins (Chem. Reviews, 1940, 26, 
227). G.B.B.M.S. 

INTERFACIAL ANGLES. The contact 
angle 6 (fig. 1) between a liquid and a solid 
surface is defined as the angle, measured in the 
liquid, at which the liquid rests in contact with 


/ 



Fig. 1. 


the solid. By resolving the surface tensions 
parallel to the solid surface, it is seen that 

7 SA=ysL+>'LA cos 6 ... (1) 

ysA, Ysh, ytA, being the solid-air, solid-hqnid, 
and hquid-air tensions. If (1) is combmed 
with the well-known equation of Dupre, which 
gives a necessaiy relation between the surfac^ 
tensions and TFblj the “ work of adhesion 
between solid and liquid, or the work required 
per square centimetre to separate solid from 
liquid, against the adhesive forces between them, 
we have 

TFsL=>'LA+ySA— ysL • • • 
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We also have what is now usually knorni as 
Young’s equation (3), discovered by Thomas 
Young in 1805, 

W’^sL=yi.A(I+ cos 6) . (3) 

This equation shows what are the essential 
forces which determine the magnitude of 
the contact angle. If the work of adhesion, 
WsL> equals (or exceeds) 2yi,A, which is the 
work required to break a column of the liquid 
of 1 sq. cm. cross-section, or the “ work of 
cohesion ” of the liquid, the contact angle 6 
must he zero. The angle will he 90° jf the ad- 
hesion of the liquid to the solid is just half that 
of the liquid for itself; and if the adhesion 
between liquid and solid could be diminished 
to zero, the contact angle would become 180°; 
this is not, however, possible. 

The term “ wetting,” of a solid by a liquid, 
which has always been recognised as intimately 
connected with the contact angle, is now usually 
defined as follows : if the contact angle is zero, 
the wetting is complete or perfect ; if the con- 
tact angle is finite, wetting is incomplete or 
imperfect. More loosely, surfaces are some- 
times said to be unwettable, or to repel water, 
if the contact angle is large, greater than 
90°; there is alwaj^s, however, some degree of 
adhesion between any solid and any liquid in 
contact with it. If wetting is perfect, the liquid 
spreads easily in a film over the whole surface ; 
if wetting is imperfect, the liquid gathers itself 
into separate drops and for a given quantity of 
liquid the area of contact of the drops with the 
solid is smaller the greater the contact angle 
and the poorer the wetting. 

Contact angles much greater than 90° are 
rare ; parafiin wax and water form an angle of 
about 105°, which is about the largest contact 
angle ever found between an organic substance 
and water. This large angle is due to the ad- 
hesion between water and the hydrocarbon 
groups' forming the surface of the wax being 
rather small, while the surface tension of water 
is unusually large, and consequently the adhesion 
of the water to the wax is very much less than 
the cohesion of the water. Liquid metals form 
a very high contact angle with glass or silica; 
mercury ordinarily rests at about 140°, though 
the angle depends a good deal on the condition 
of the glass, and may occasionally become acute 
if the glass be carefully baked out under high 
vacuum. These high angles are due to the 
exceptionally high surface tension and cohesion 
of metals ; their surface tension is usually 
several hundred dynes per cm., and may exceed 
1.000 dynes per cm., so that the cohesion of 
metals is much higher than their adhesion to 
almost aU surfaces, except to other clean metals. 

Contact angles are extremely sensitive to the 
state of the sohd surface. It is possible, by 
depositing a layer of oleie acid on clean glass, 
which is perfectly wetted by water, to reduce 
the adliesion so much that the contact angle 
rises to about 90°, and the surface is thus changed 
from a stronglj’ hydrophilic to a hydrophobic 
surface. Sometimes small amounts of water, or 
other liquid, can soak into a surface which forms 
a large contact angle and considerably reduce 
the angle. 


Most solids and liquids show a phenomenon 
called hysteresis of the contact angle, wliich 
may have any value between two extremes ; a 
liquid advancing over a solid generally gives a 
larger angle than the same liquid receding from 
a previously wetted part of the same surface. 
Hysteresis, i.e. the difference between the 
advancing and the receding angles of contact, 
is often very large Avith water, amounting some- 
times to 60° or more, the liquid being able to 
rest on the solid at any angle between the two 
extremes of the advancing and the receding 
angle. Ablett (Phil. Mag. 1923, [vi], 46, 244) 
found that the amount of hysteresis depends 
oh the speed of the advancing or receding 
motion; but usually the angle at which ad- 
vancing motion first begins is considerably 
greater than that at which the liquid can be 
induced to start receding from a wetted surface. 
The appearance is as if the edge of the liquid 
tended to adhere to the solid surface. While 
hysteresis is greatest with water, most liquids 
show it to some extent ; some writers claim that 
its amount can be substantially reduced if the 
solid surface is very thoroughly cleaned. Its 
practical importance is considerable, but there 
is not yet universal agreement as to its cause, 
which may indeed vary in different cases. 'Very 
small amounts of grease might account for the 
hysteresis with . water and such hydrophilic 
surfaces as glass and some minerals, the grease 
being displaced after the water covers the sur- 
face ; alternatively some of the liquid may soak 
into, or be adsorbed on to, the solid, increasing 
its attraction for the liquid after wetting. 
Langmuir has suggested that the molecules of a 
very thin film of grease may actually be over- 
turned by contact with the water so that their 
hydrophilic terminal groups are outwards, and 
the attraction for water is increased. After 
drying, the molecules are supposed to revert to 
their normal position, with the hydrophilic 
terminal groups downwards, and thus the attrac- 
tion for water decreases because the surface con- 
sists of hydrocarbon groups. Whatever the 
precise cause of hysteresis, it is clear that it is 
the result of a variation in the amount of 
adhesion of the surface for the liquid, according 
to whether or not it is being wetted by the liquid. 

Methods of measuring contact angles are 
numerous. If the solid can be obtained in the 
form of a flat plate, or even a wire or a straight 
fibre, a good method is to fix the solid in a holder 
which can be set at any angle to the liquid 
surface, and to dip it into the liquid and adjust 
the angle until the surface of the liquid remains 
accurately horizontal right up to the point of 
contact -with the solid. Then the angle between 
the liquid surface and the solid is the contact 
angle. It is necessary to provide means of 
raising and lowering the solid in the water, to 
find the advancing and the receding' angles ; 
also, if the angle with clean water is required, 
means must bo provided of cleaning the liquid 
surface, since the surface of water is very easily 
contaminated by grease, with lowering of the 
sxirface tension and of the contact angle. Other 
methods depend on observing the direction of a 
ray of light reflected from theliquid-and the solid 
surface vei^' near to the lino of contact between 
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them. These methods are accurate to a rery 
few degrees, which is usually sufficient, since the 
contact angle of a solid surface generally varies 
by this amount in different parts. Direct obser- 
vation under the microscope of the angle at 
which solid and liquid surfaces meet is sometimes 
possible, and reasonabl3’- accurate; or a mag- 
nified image may^ be projected on a screen 
and, the angle measured with a protractor. 
Another method is to measure the height to 
which the liquid rises in a capillary -tube of 
known radius; if the surface tension of the 
liquid is known, the contact angle between 
the liquid and the tube can be calculated from 
the formula 

7 _2yLA cos 0 
' 'gr{D-d) • 

h is the height of rise, r the radius of the tube, 
D the density of the liquid and d that of the air. 
Alternatively the pressure required just to pre- 
vent the liquid from entering a capillarj' tube 
may be measured. This is the foundation of 
Bartell and Osterhof’s method for finding the 
contact angle of a substance available only in 
powder form ; a highly compressed plug is made 
of the powder, liquid is put in contact with the 
powder at one side and the pressure required to 
balance its tendency to penetrate into the plug 
is measured. A difficulty in tlus method is the 
determination of the “ radius ” of the capillary 
tube equivalent to the plug of powder ; but at 
present it is almost the only method available 
for a quantitative determination of the contact 
angle of a fine powder against a liquid. 

The practical importance of contact angles 
and wetting is ver^’- widespread. Sometimes the 
best possible wetting is desirable, sometimes 
the least possible. The precise conditions to be 
attained vary sh'ghtly according to whether 
good spreading of the liquid over a large area of 
solid, or good peneiralion of the liquid into the 
pores of a porous solid or heap of powder is 
required ; converse^, the prevention of spread- 
ing of a liquid over a solid surface, or hindering 
its penetration into pores, are not exactly similar 
problems. 

Good spreading over the largest possible area 
of solid surface is required for all insecticide and 
- disinfectant sprays and dips, so that a small 
quantity of liquid shall cover the largest possible 
area of the plant, animal or other siuface to be 
treated. The windows of gas-masks, goggles 
or other transparent endows where there is a 
warm, moist atmosphere on one side and a colder 
one on the other, mist up or “ dim ” after a 
time, often so badly that it becomes impossible 
to see through them, unless the moisture can be 
condensed in a continuous thin film instead of 
in separate droplets. In many types of chemical 
plant, such as gas absorption towers or film 
evaporators, where a rapid interchange of a 
substance between vapour and liquid is reqtiired, 
the liquid is made to trickle over a large area 
of solid surface so as to expose the largest 
possible area and the smallest possible thickness 
to the vapour. Unless the liquid spreads per- 
fectly, wetting the solid everywhere, the area 
will be reduced and the thickness increased, so 
that exchange of gas between liquid and vapour, , 


or evaporation, is slower than it should he ; very 
serious loss of efficiency may result if wetting is 
poor. In cases where the maximum spreading 
is required, the contact angle must have a mini- 
mum value ; unless the receding angle is zero, 
the liquid will not remain spread even if 
mechanically forced to cover the whole surface; 
and for the liquid to spread itself without the 
expenditure of much energy and careful control 
of the direction at which the liquid impinges on 
the solid, the advancing angle also must be zero, 
a condition which is more difficult to attain. 

Few sprfaces give a zero contact angle with 
water for long, since minute traces of grease 
produce a finite angle even on such surfaces as 
glass, which do wet completely if absolutely 
clean. There are now many wetting agents 
available, water-soluble substances which often 
enormously improve the wetting. They operate 
either by diminishing the surface tension of the 
liquid, or by increasing its adhesion for the soUd, 
sometimes in both ways. Inspection of equa- 
tion (3) shows that cos 6 is increased and there- 
fore 6 is diminished, either by increasing IFsl or 
by decreasing y^A. Most wetting agents have 
the general constitution RX, R being a hydro- 
carbon group of considerable size, generally a 
long aliphatic chain, but sometimes an aromatic 
or alicydic group. X is a strongly water- 
attracting group, and the variety of such end 
groups is now very great, the COONa group 
of soap being one of these. Alkyl sodium sul- 
phates RO-SOgNa, many other sulphates or 
Bulphonates, and amides variously substituted 
and generally sulphonated are common wetting 
agents. Some very successful modem wetting 
agents are polyphenols substituted with one or 
more alkyl chains and sulphonated. Other wet- 
ting agents are un-iom'sed substances such as 
polyglycerol esters or poljmthylene oxides. 

The decrease of surface tension is mainly due 
to the hydrocarbon jjart of the molecules; all 
substances containing long hydrocarbon chains 
tend to be adsorbed at the surface and to form 
a laj’^er in which they usually lie flat in the sur- 
face ; this reduces the field of attractive force 
at the surface, and consequently the surface 
tension. One hydrocarbon chain containing 
over six carbon atoms in a soluble compound 
can usually, at a sufficient concentration, reduce 
the surface tension of water to between 20 
and 30 d3Ties per cm. instead of 73 for clean 
water, and very low concentrations of sub- 
stances -with twelve or more carbon atoms in an 
ahphatic chain achieve a similar decrease in 
surface tension. The great majority of wetting 
agents are powerful depressants of surface 
tension. 

Whether the wetting agent actually increases 
the adhesion of the water to the solid depends 
on the constitution of the solid surface and on 
the end-group X of the molecule of the wetting 
agent ; any increase in such adhesion will 
improve the wetting. An interesting, though 
not particularly important, phenomenon is 
shown by the salts of some quaternary bases 
with long aliphatic chains, such as cetyltri- 
methylammonium or cetylpyridinium hydroxide. 
In extremely dilute solution these long-chain 
cations are adsorbed on glass (which has a 



INTERFACIAL ANGLES. 


509 


negative electric charge when immersed in 
water) with their hydrophilic end-groups in- 
wards and their hydrocarbon chains outwards ; 
and the effect of washing clean glass with these 
dilute solutions is to reduce the adhesion and 
produce a contact angle of some magnitude, 
causing a greasy appearance on a previously 
clean surface. Increase in concentration reduces 
the surface tension so far that the contact angle 
again falls to zero. In general, it can be said 
that if a soluble substance contains groups which 
tend to combine with the material of the solid 
surface, or to dissolve it, wetting rviU be assisted 
as a result of increasing the adhesion of the 
liquid for the solid; but at present our know- 
ledge of the adsorption of molecules at solid- 
liquid surfaces is much less complete than that 
of the structure of films at air-water surfaces. 

Good wetting of metals by oils is desirable in 
lubrication. There is usually little difficulty in 
obtaining a low or a zero contact angle between 
ordinary oils and metals, but it is often useful 
deliberately to increase the adhesion between 
them by adding fatty acids, the end groups of 
which attract and sometimes combine with the 
surface of the metal. This helps to prevent the 
layer of molecules in the Hquid next to the solid 
from being easily rubbed off, and thus improves 
“ boundary ” lubrication, or lubrication under 
conditions such that the film of lubricant is 
reduced to molecular thickness. Glycerides 
(animal or vegetable oils) are better boundary 
lubricants than mineral oils, because they adhere 
more closely to the solid. 

Perfect wetting of a metal by' molten solder is 
essential for successful soldering or brazing. 
Molten solders will not spread on greasy or 
oxidised surfaces, but spread excellently on 
clean surl'aces ; hence the surface must first be 
thoroughly cleaned, and also protected by a 
suitable flux against surface oxidation during 
heating. 

Good penetration of a liquid into the pores of 
a porous soUd also requires good wetting, but 
here the quantity yx,s. cos 6, usually termed the 
“ adhesion tension,” should be a maximum, not 
merely the contact -angle a minimum, as for 
simple spreading. Spreading on a smooth solid 
surface will not take place unless the contact 
angle is zero, but penetration into a capillary 
space wiU occur to some extent if the adhesion 
tension, cos 6, is positive, i.e. if the advanc- 
ing contact angle is less than 90°. Two import- 
ant cases in industry are the “ wetting-out ” of 
textiles by water, a necessary preliminary to 
scouring, bleaching or dj^eing operations, and 
the laying of dust by water, especially in mines. 
The cloth may be difficult to wet from natural 
causes, or because of the size used in weaving ; 
coal dust and many stone dusts are also quite 
difficult to wet. Wetting agents are useful in 
both these cases, indeed often almost essential. 

Good dispersion of a solid in a liquid requires 
good wetting. Here it is necessary for the 
adhesion betrveen the liquid and solid to be 
sufficient for the liquid to spread over the whole 
solid surface, and the larger this adhesion, 
probably even in excess of that required to give 
zero contact angle, the less chance there will be 
of the solid particles adhering to each other and 


settling out in lumps or hard masses which 
cannot be redistributed evenly through the 
liquid merely by stirring. Poor wetting of the 
pigment by the oil is a frequent cause of defects 
in paints. Here, suitable wetting agents have 
to aet by increasing the adhesion of the solid to 
the liquid ; the surface tension of paint media is 
usually not high. 

There are some processes in which wetting 
must be reduced to the minimum possible 
amount, as in the flotation of minerals {v. 
Flotation Process, Vol. V, 263d), and the 
showerproofing of textiles {v. Finishing Textile 
Fabrics, Vol. V, 193d-198a). 

It has been suggested that condensers in 
steam engines could be made much more efficient 
if the steam could be condensed in the form of 
separate drops covering a small fraction only 
of the condensing surface. This is because the 
principal resistance to rapid conduction of heat 
seems to be the liquid film which is stagnant up 
to a small thickness on the condensing surface ; 
if condensation could be made to occur so that 
this film did not form, a much increased rate of 
heat conduction and therefore of condensation 
could theoretically be achieved. Nagle, Drew 
et al. (Trans. Amer. Inst. Chem. Eng. 1933-34, 
30, 217 ; 1935, 31, 693) have obtained some suc- 
cess in this field, but as yet the difficulties 
attendant on large-scale utilisation do not seem 
to be overcome. 

The contact angle formed by the interface 
between two liquids, and a solid, is also of 
practical importance. It may be finite, or zero 
in one liquid and 1 80° in the other. In the latter 
case, a powdered solid will tend to pass wholly 
into the liquid in which the angle is zero and 
preferential wetting by this liquid may be 
said to be perfect. If the contact angle is finite, 
the powder will tend to remain at the surface 
between the liquids, just as a powder with a 
finite air-liquid-sohd contact angle can float 
at the air-hquid surface. Powders thus retained 
at a liquid-liquid surface by surface forces help 
to stabilise emulsions of the two liquids, since 
the powder naturally hinders the contraction 
of the surface, which accompanies breaking of 
the emulsion by coalescence of the drops (v. 
Emulsions and Emulsification, Vol. IV, 
284a). 

The action of soap and other similar deter- 
gents in removing grease is largely due to their 


(b) DETERGENT SOLUTION 



GREASE 

(a) WATER 

Fio. 2. 

effect in changing the contact angle made by 
the surface between the grease and the water. 
Microscopic observation (Adam, J. Soc. Dyers 
and Col. 1937, 53, 124) has shown that, in water, 
grease on wool forms a tliin film with practically 
zero contact angle in the grease (fig. 2, a). In 
dilute cetyl sodium sulphate solution, a verr’’ 
efficient detergent for wool, the angle changes 
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to 180° in the grease and zero in the trater, and 
thua the grease becomes detached (Tig. 2, b) 
on very slight mechanical agitation. 

The displacement of one liquid, such as oil, by 
another liquid such as -water, from a porous sand 
is analogous to the penetration of a single liquid 
into a dry porous solid. It -will occur if the 
(advancing) contact angle of the surface between 
the liquids is acute in that liquid which advances 
and displaces the other ; for the most rapid dis- 
placement the adhesion tension of the water for 
the solid must exceed that of the oil by- the 
largest possible amount. This property is 
probably of great importance in underground oil 
deposits. 

Contact angles between two liquids and air, 
no solid being present, are important for the 
spreading of oils on, water, which is used on a 
large scale in the control of malarial mosquitoes. 
The angle here is that in the oil, between its 
upper and lower surfaces, where they meet the 
water surface. To ensme spreading this con- 
tact angle must be zero ; for this it is necessary 
that 


7wA>yoA-fyow 


( 4 ) 


ywAj yoA) sre the surface tensions of the water 
and the oil, and yow the interfacial tension 
between the oil and the water. It can easily 
be shown that (4) is equivalent to the condition 
that the work of adhesion of the oil to the water 
must exceed the work of cohesion of the oil for 
itself; the diSerence should preferably be as 
large as possible, to provide a margin of spread- 
ing power and give the greatest chance of spread- 
ing on a slightly contaminated surface. The 
difference ywA— yoA— yow is often called the 
“ spreading coefficient ” ; it should be at least 
16 djmes per cm. and preferably more. JPnre 
mineral oils do not spread, and have a negative 
spreading coefficient; the sign can be reversed 
mainly by increasing the adhesion between oil 
and water, -with quite small amounts of oil- 
Eoluble substances containing hydrophilic groups ; 
among the most powerful of these are sidphonic 
acid groups. The oxidation products of rm- 
saturated oils, formed by the action of air and 
light, also assist spreachng. Most commercial 
oils have a positive spreading-coefficient. Initial 
high spreading-power is not, however, the only 
requirement, for the films of oil, once spread, 
are -usually unstable and tend to break up into 
films of molecular thickness, probably one mole- 
c-ule thick and too thin to affect the larvae, the 
remainder of the oil collecting into small drops 
which form a finite contact angle and do not 
spread. The phenomena of break-up of spread 
oil-films are complex and not yet fuHy under- 
stood (c/. D.B. P. Murray, Bull. Entomol. Bes. 
1938, 29, 11 ; 1939, 30, 211). 

For further information, and references to 
original papers, see Harvey. “ Wetting and 
Detergencv,” Chemical Publishing Co., New 
Yor^ 1937; and Adam, “The Physics and 
Chemistrv of Surfaces," 3rd ed., Oxford, 1941, 
pp. 178-215, 413-414. 

^ ^ N. K. A. 

INUKAYA OIL (Inugaya or Bebe oil) is 

the seed- 


the Japanese evergreen iniikaya tree, Cephalo- 
taxus drujmcea Sieb. and Zucc, (Fam. Taxaces). 

The cold-e^ressed oil prepared in the labora- 
tory by Tsujimoto (J. Coll. Eng. Tokvo, 190S, 
4, 85 ; Chem. Bev. 1908, 5, 168) was pa'le-yellow 
in colour -with a faint, resinous odour, and had 
the folowing properties : dj® 0-925; rr^ 1-4760; 

f.p. below — 15°G. ; saponification value lSS-5; 
iodine value (Wijs) 130-3. 

Commercial inukaya oil resembles Kaya oil 
■vrith which it has been occasionally confused 
in the literature, but has inferior drying proper- 
ties ; it is used for similar purposes, viz. as a 
burning oil and for the man-ufacture of oiled 
paper, varnishes, etc., but cannot be emjployed as 
an edible oil, on account of the resinous odour 
which is present in even the cold-dra-n-n product. 

, E. L. and L. I. 

INULASE (r. Yol. lY, 3Ub). 

INULIN (v. Vol. n, 303a). 

INULO-COAGULASE (r. Vol. HI, 31a). 

I N VAR, a 36% nickel steel. 

INVERTASE (Sucrase, Saccharase) is an 
enzyme which hydrolyses sucrose (cane-sugar) 
to d-glucose (1 mol.) and d-fructose (1 mol.). It 
occurs in the small intestine of mammals, in the 
tissues of certain animals and plants and in 
numerous moulds and fungi. One of the best 
sources is yeast, invertase being present in all 
species except Saccharomyces octosporus, S. cap- 
sularis and S. membranssfaciens Hans. Active 
preparations may readily be obtained by allow- 
ing the yeast to hydrolyse at 37° in the presence 
of a little toluene, when liquefaction occurs. 
Alcohol is added to the aqueous extract and the 
precipitate extracted -with water (O'Sullivan and 
Tompson, J.C.S. 1890, 57, 834; Euler et ah, 
Z. physiol. Chem. 1910, 69, 152 ; 1911, 73, 335). 
Willstatter and Backe (Annalen, 1921, 425, 
53) carried out the autohydrolysis in a neutral, 
inrtead of acidic, medium. Various methods 
of purification have been used. Hudson 
(J. Amer. Chem. Soc. 1908, 30, 1564) removed 
soluble proteins and gums by the addition of 
lead acetate; excess of lead was removed by 
potassirrm oxalate and the latter by dialysis. 
Finally the enzyme was precipitated by alcohol 
and dissolved in water. More recently, adsorp- 
tion on kaolin or aluminium hydroxide has 
been used for purification (Lutz and Nelson, 

J. Biol. Chem. 1934, 107, 169; Kosaki, A. 1938, 
lU, 695). Weidenhagen (A. 1936, 1555) used 
strontium hydroxide, Richtmeyer and Hudson 
zinc sulphide and Adams and Hudson bentom'te 
as adsorbents. In the last two cases the extract 
-was adjusted to p^ 4-5, and the elution carried 
out atp 2 6-1 (J. -Amer. Chem. Soc. 1938, 60, 983). 
Willstatter has investigated the adsorption of 
invertase by aluminium hydroxide and by kaoUn, 
finding it most efficient in dilute solution or in 
the presence of 10% acetic acid (Z. physiol. 
Chem. 1922, 123, 181 ; -svith Schneider, 1924, 
133, 193). Invertase may be kept for several 
years -without losing acti-vdty. 

The activity of these preparations may be 
measured by observing the rate at which sucrose 
is hydrolysed under standard conditions. In 
their classical researches, 0 Sulhvan and Toinp- 


prepared by beaming and pressmg - — _ . , . , 

Lrnels (which contafo about 67% of the oil) of i son determmed the time m mmutes required bx 
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50 mg. of the enzyme to reduce to zero the rota- 
tion of 25 c.c. of solution containing 16% of 
sucrose at the optimum pg, at 15-5°. Willstatter 
and Racke {l.c. ; Willstatter and Kuhn, Ber. 
1923, 56 [B], 609) adopted a similar procedure. 
On this basis, brewer’s yeast requires 160-400 
minutes. Purified specimens can now be pre- 
pared with a time value of 0-1-0-2 minutes. 
Sumner and Howell (J. Biol. Chem. 1935, 108, 
51) use the dinitrosalicylic acid method for the 
estimation of reducing sugars formed. Sufficient 
invertase is used to obtain about 10 mg. of 
invert sugar by the hydrolysis of 6 c.c. of 54% 
sucrose in 5 minutes, at 20° and 4-5. Under 
these conditions the velocity of hydrolysis is 
great, and the assay is therefore rapid. The 
reaction is stopped by the addition of 5 c.c. 
N.-NaOH, and the invert sugar determined 
colorimetricaUy with dinitrosalicylic acid. 

There has' been considerable divergence of 
views as to the chemical character of invertase, 
but it appears that both protein and carbo- 
hydrate reactions can be obtained (c/. Eider and 
Josephson, Ber. 1925, 57 [B], 859; Willstatter 
and Schneider, Z. physiol. Chem. 1924, 133, 193). 
The former authors detected tryptophan in 
their preparations, and this was confirmed by 
ultra-violet absorption spectrum measurements 
(Albers and Meyer, l.c., 1924, 228, 122 ; see also 
Lutz and Nelson, l.c. ; Tauber, “ Enzyme 
Chemistry,” J. Wiley & Sons, 1937, p. 127). 
Ultra-filtration experiments upon invertase 
isolated from the intestinal juices of dogs 
indicate that it is just retained by a membrane 
of porosity 10 mp.. (Grabar, Compt. rend. Soc. 
Biol. 1935, 118, 455). 

The activity of invertase is maximum at 
55-60° {cf. 35-40° for maltase), but it is destroyed 
at 65-70° (see Chaudun, Bull. Soc. Chim. biol. 


1936, 18, 1467). Below 0°, the velocity of 
inversion decreases only slowly (Kertesz, Z. 
physiol. Chem. 1933, 216, 229). The kinetics of 
the process are discussed by Nelson (Chem, 
Rev. 1933, 12, 1) and by Weidenhagen (Ergebn. 
Enzymforsch. 1932, 1, 168). T. A. Wliite has 
examined the kinetics in the light of the theory 
that sucrose and water are adsorbed by the 
enzyme before reaction, the adsorbed products 
inhibiting the hydrolysis (J. Amer. Chem. Soc. 
1933, 55, 656). The thermal changes have been 
measured by Kosaki (A. 1937, III, 180; 1938, 
III, 695). 

The optimum pg for yeast invertase is 4'5 
(Michaelis and Davidsohn, Biochem. Z. 1911, 
35, 386),- whereas maltase (also present in yeast) 
is inactive at this pg. Even minute amounts 
of alkali may inhibit. the action, and care is 
necessary to buffer the pg during quantitative 
work. The retarding effect of CN' and of 
pectin is ascribed to the increased pg (Manchester, 
J. Biol. Chem, 1939, 130, 439). The action of 
basic and acidic dyes is discussed by Quastel and 
Yates (Enzymologia, 1936, 1, 60). 

Invertase wfil hydrolyse fructofuranosides 
other than sucrose. The trisaccharides raffinose 
and gentianose and the tetrasaccharide stachyose 
are also attacked by yeast invertase (Kuhn 
and Miinch, Z. physiol. Chem. 1925, 150, 220; 
1927, 163, 1). Weidenhagen has shoivn that 
large amounts of the enzyme will hydrolyse the 
polysaccharides irisin and inulin to fructose (A. 
1933, 1080). The activity with regard to these 
substrates varies considerably according to the 
source of the invertase, (e.g. from Aspergillus 
oryzse, Penicillium glaucum). 

The chemistry of invertase has been reviewed 
by J, M. Nelson (Chem. Rev.- 1933, 12, 1). 

G. T. y. 
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A 

A-Acid, I. la 
K-Acid, I. la 

Abaca fibre, I. la ; V. 164d 
Abaku nuts, I. 655a 
Abalak, I. la 
Abalone, I. la 
" Abalyn,” I. lb 
Abasin, I. lb 
Abassi cotton, I. lb 
Abderbalden reaction, I. lb 
“ Abdocain,” I. It, 369a ; II. 
346 

Abel heat test. III. 303fl ; IV. 
243(1, 547a 

, Gutmann’s modifi- 
cation, IV. 547c 
“ Abelite,” I. 16 

Abelmoschus moschaius, I. 304a ; 
IV, 591a 

Abies spp., I. Ic, 4596 ; II, 237c 
Abietenes, I. Ic, d 
Abietene, sulphonated, as wet- 
ting agent, I. Id 
Abietenol, I. 2a 
Abietic acid and derivatives, I. 
2a ; II. 2616 ; III. 295c 

, detection and detn., I. 36 

, methyl esters, I. la 

, salts, I. 2c 

“ Abisol,” I. 3c 
“ Abracol,” I. 3d 
Abralin, I. id 
Abranin, I. id 
'■ Abrasit," I. 3d 
Abrasives, I. 3d 
— , boron carbide and boron 
silicide, I. 4a ; II. 44c, 50d 
" Abrastol,” I. 4c ; IV. 30a 
Abrattm-salts, II. 390a 
Abrin, I. 4d 
Abrine, I. 4d 
“ Abrodil," I. 4c 
Abroma augusia, T. 4c 
Abrotine, I. 4c 
Abrus prccatorius, I. 4c 
Absinth, I. 4d 
— , essential oil, I. 5c 
Absinthin or absinthiin, I. 5d 

■ VoL. W.— 33 


Absintbol, I. 6a 
“ Absorbite," I. 66 
Absorptiometer, spectro- 
scopic, III. 305d 
Absorption (see also Washers), 
I. 66 

— , counter-current, in towers, 
I. 7d 

— spectra in analysis, II, 700a 
Abutic acid, 1. 11a 
Abutilon indicum, A. avicennce, 

1. 116 ; V. 164c 
Abyssinian Gold, 1. 116 
Acacatecbin, 1. 116 ; II. 434a 
z'soAcacatechin, II. 435c 
Acacetin, 1. 116 
Acacia arabica, A. spp., I. 11c, 
5856 

Acacia bark, 1. 11c 

— catechu, 1. 11c 
Acacia cavmia, I. 11c 

— dealbata {see also Acacia 

bark), I. 11c 

— famesiana, I. 11c ; IV. 394c 

— Senegal, I. lid ; VI, 155d 
Acaciin, I. 126 
Acacipetalin, VI. 856 
Acajou, cashew nut, I. 126, 

365d 

Acalypha indica, 1. 126 
Acalyphine, I. 126 
Acantbite, I. 458c 
“ Acardite,” IV, 14d 
Acaroid resins, I. 126 
Accelerators, 1. 126 
Acceptor, I. 12c 
“ Acedicoin," 1. 12c 
“ Acedicone,” 1. 12c 
“ Acedronoles," 1. 12c 
Acenapbtbene, I. 12c 
Acenapbtbenol, I. 13a 
“ Acerdol," 1. 14a 
Aceridin, 1. 14a 
Aceritol, 1. 14a 
Acer saccharinnm or A. sac- 
charum, I. 14a 

Aoertannin, 1. 14a ; VI, 856 
Acetal, amino-, I. 35d 
— , chlorotriethyiphosphino-, I. 
36a 


Acetaldehyde, 1. 14a, 20d 

— and amines, condensation 

products from, I. 296 
— , chain photolysis, I. 30a 
— , chloro-, from acetyiene, I. 
916 

— cyanohydrin, I. 216 
— , clichloro-, I. 21c 

— disulphonic acid, I, 84a 

“ Acetaldehyde - ethyl ace- 
tate,” I. 856 

Acetaldehyde from acetylene, 
I. 10a 

, by-products in pro- 
duction of, 1. 196 

alcohol, I. 15a ; II. 427d 

Aspergillus niger, V. 516 

yeast, II. 096 

— in caffeol, II. 1986 

production of aldol, butyl 

alcohol, crotonaMehyde 
and ethyl acetate, I. 266, 
28a 

— , luminescent polymerisation, 
III. 236 

— , monochloro-, I. 21c 
— , oxidation products, I. 23c, 
24a, 256 

— , prepn., II. 427d 
— , reduction to alcohol, II, 
426d 

— synthetic resins, I. 29a 
— , — rubber from, I. 306 
— , tribromo-, II. 100a 

— , trichloro-, I. 21c ; III. 34d 
— , unclassified reactions, I. 
29d 

Acetal, mono- and di-chloro-, 
and bromo-, I. 35c, d 
— , monoiodo-, I. 35d 
— , nitro-, I. 35d 
Acetals, I. 32a ; IV. 382d 
— , aromatic, I. 37a 
— , cyclic, I. 33c 
— , hydrolysis, VI, 252a 
— , methenal, of aromatic gly- 
cols, I. 37a 
— , mixed, I. 33c 
Acetal sulphide, I. 30a 
— , tricldoro-, I. 35e 
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Acetaznide, I. 59t7 
Acetanilide, I. 38cZ 
— , 7»-bromo-, I. 39a 
— , N-cMoro-, I. 39a 
— , jj-chloro-, I. 39a 
— , o- and p-nitro-, I. 3Pa 
Acetannin, I. 396 
“ Acetarsol," I. 39c, 489c 
“ Acetarsone," I. 39c, 489c 
Acetate, iron, mordant, II. 
53d 

— rayon, see Cellidose acetate ; 

Mbres artificial or rayon. 
Acetates, acetic acid, qualita- 
tive reactions, I. 536 ; II. 
569d ; V. 297a 

Acetate silk dyes, I. 39c, 205c ; 
IV. 1276, 2346 ' 

Acetei^enol, I. 436 ; IV. 39Gd 
Acet-fsoeugenol, I. 43c ; IV. 
399d 

Acetic acid, I. 43c 

, acetamino-, VI. 73a 

, amino-, VI. 71<Z 

as preservative, IV. 28a 

, chlorobromo-, VI. 176a 

, chloro-, from acetylene, 

I. 916 

, density of aqueous solu- 
tions, I. 52 

, detn., I. 536 

, diazo-, etbyl ester. III. 

599a 

, dibromo-, 175d 

, dicMoro-, VI, 175a 

, dicMoromonobromo-, VI, 

1766 

, di-iodo-, VI. 176c 

, esters, I. 566 

, fluorodibromo-, ethyl 

ester, VI. 176d 

formation from methyl 

alcohol, II. 350c 

from acetylene, I. 506, 

80d 

carbon monoxide, I. 

51a 

ethyKdene diacetate, I. 

516 

formaldehyde, I. 51a 

methane,. I. 50d 

methyl alcohol, I. 50d 

formate, I. 51a 

, hydroxy-, V. 73c 

in caffeol, II. 1986 

, monobromo-, VI. 1755 

, monochloro-, VI. 174c 

, — , acid chloride, VI. 

175a 

, monochlorodibromo-, VI. 

1766 

, monoiodo-, VI. 1766 

, prepn., II. 3105, 425c, 

4275 

, qualitative reactions, see 

Acetetes. 

, salts, I. 54a 

, solidification point of 

aqueous solutions, I. 51c, 5’ 

, triazo-, VI. 2985 

, tribromo-, VI. 176a 

, trichloro-, I. 65o ; VI. 

1756 

, — , diethylaminoethyl 

deriv., VI. 175c 

, — , in toxicology, VI. 

1756 

, trifluoro-, VI. 1765 

, tri-iodo-, VI. 176c j 

— anhydride, I. 576 1 


DIDEX 

Acetic anhydride, analysis, I. 
596 

, detection in acetic acid, 

I. 535 

— esters, synthetic production, 

I. 51a, 84c 

Acetin or acetine, I. 606 

— as plasticiser, II. 448c 
Acetoacetanilide, I. 616 
Acetoacetic acid, I. 616 
, detection in acetic acid, 

I. 535 

2:4 - dinitrophenylhydra - 

zone, I. 616 

— esters, I. 615 
Acetohacter svboxydans, V. 3305 ; 

VI. 495c 

Acetobetaine, I. 686a 
“ Acetocaustin," I. 65a 
Acetochloroamide, I. 60a 
Acetocitric acid. III. 1866 
Acetoin, 1. 140c 
Acetol, I. 65a 

— acetate, I. 05c 
“ Acelol," I. 65c 

Acetol, Baudisch test for, I. 
65c 

— , ethyl ether, I. 056 
— , hydroxyacetone, I. 65a 
Acetomorphine, VI. 2055 

— hydrocliloride, I. 65c 
Acetonaphthone, I. 655 
Acetone, I. 655 

— , acetonyl-, I. 70a 
— , bromination, II. 3206 
— , bromo-, I. 695 
— , — , in chemical warfare. III. 
10c, 5. 

— , chloro-, I. 696 

— -chloroform Chlorelone”), 

1. 70c, 371c; III. 36c 
— , chloro-, in chemical warfare, 
III. 10c, 11a 

— , compounds with sugars, II. 
2895 

— -cyanohydrin, I. 685 
— , detn., I. 68a ; IV. 5326 
— , — in vapours, II. 6815 
Acetonedicarboxylic acid, I. 

70a, 705 ; III. 1855 
Acetone ethylacetal, I. 365 

— from acetylene, I. 816 
horse-chestnuts, 2795 

— -glycerol, VT. 66a, 70c 
— , halogenation, VI. 2506 

— , halogen-substituted derivA, 
I. 696, c, 5 
— , hydroxy-, I. 65a 

— in dopes for film manu- 

facture, II. 448c 

mine, detection, I. 67c 

— , iodo-, prepn.. III. 115 

— methylacetal, I. 365 

— oU, I. 705 

— phenylhydrazone, I. 696 

— phosphate, dihydroxy-, re- 

actions in muscle, VI. 765 

— production by bacterial fer- 

mentation, II. 1695, 4296, 
4715 ; V. 45a 

— , pseudocyclocitralidene, I. 

70a 

— recoveiy,'III. 362c ; V. 1235 
— , reduction to isopropyl al- 
cohol, II. 4265 

— semicarbazone, I. 69a 

— , solvent in lacquers, II. 4695 
— , specifications, II. 4726 
Acetonitrile from acetylene, I. 
846 


Acetonylacetones, metallic, 
co-ordination. III. 329a' 
3356 ’ 

Acetophenone, I. 71a 
— , m-, o- and p-amino-, I. 71c 

— ammonia, I. 716 

— , benzal-, or benzylidene-, I 
715, 196a 

— , p-bromo-, I. 715 
— , chloro-, in chemical warfare, 
III. 9a 

— , — , prepn.. III. 11a 
— , diethylacetal, I. 716 

— in castor, II. 4195 
— , OT-nitro-, I. 71c 

— phenylhydrazone, I. 716 

— oxime, I. 716 
Acetophenones, hydroxv-, VI. 

3995 

Acetophenone, 2:4:6:-trinitro-, 

I. 71c 

^-Acetopropionic acid, I. 714 
Acetopurpurine 8 B, I. 736 . 
“ Acetopyrine," I. 736 
“ Acetosair I. 5175 
" Acetoxane," I. 736 
Acetoxime, I. 69a 
“ Acetozone,” I. 736 ; IV. 28a 
Acetylacetone, rare earth 
derivs., II. 5155 
" Acetyladalin,” I. 16 
Acetyl-benzoyl peroxide, IV. 
28a 

Acetylcarbinol, I. 65a 
Acetylcellulose {see also Kbres 
artificial or rayon), II. 
4645 

Acetyl chloride, trichloro-, I. 
105c 

j Acetylene, I. 736 

— as illuminant, I. 116c 

— , bromo-derivs., I. 825, 83a, 6 
— , calcitun carbide for manu- 
facture of, II. 2196 
— , carbon tetrachloride from, 

II. 3545 

— , carcinogenic compounds 

from, II. 378c 
— , chlorine derivs., I. 96c 
— , detection, I. 96a ; II, 681c 
— , detn.,gasometric, I. 96a; II- 
6775, 6Slc 

— dichloride, IV. 76 
— , dichloro-, I. 965 

— -divinyl, I. 886 

— from calcium carbide, 1. 10/6 
ethane, I. 765 

ethylene, I. 76a 

methane, I. 76a 

— generators, I. 109c 
— , heavy^, I. 79c 

— , industrial uses, I. 106c 
— , iodo-derivs., I. 83c 
— , metallic derivs, (see also Car- 
bides ; individual metals), 
I. 82a 

— , methyl, see AUylene. 

phenol condensation pro- 
ducts, I. 85a 

— , polymerisation reactions, I* 
856 

Acetylenes, mono- and dn 
substituted, I. 117c 

— , sodio-compoimds, reaction 
with carbon dioxide, !!• 
363c 

J ^ ethyl carbon- 
ate, II. 3635 
Acetylene, structure, 

— tetrabromide, IV. 351 d 
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Acetylene welding, I. 112(Z 
Acetyl-H-acid, 1. llOd ; IV. 
207c 

Acetylidene, dibromo-, II. 320c 
Acetylidine tefcraibromide, IV. 
357fZ 

Acetylmethylcarbinol in 
bread, II. 80c 

Acetyl peroxide, antiseptic, 
IV. 28a 

, prepn. II. 373a 

— radical, detn., II. 625c 
Acetylsalicylic acid, I. 119d, 

517d 

, calcium salt, I. 370a, 

517d 

Acheson graphite, I. 119d 
“ Achibromin," I. 119CZ 
Achillea millefolium, I. 119d 
“ Achiodin,” I. i20a 
Achras sapota, 1. 120a 
Achroodextrin ii and rn. III. 
569a, b 

Acid Alizarine azo dyes, 1. 120a 
dyes, I. 404a 

— anhydrides, I. 67a ; II. 370c, 

d, 376c 

base catalysis, VI. 2556 

. pairs, conjugate or corre- 

sponding, VI, 2486 

— Chrome dyes, I. 120a 

— constants, VI. 248d 

— , definition, VI. 247a, -249a 

— dyes, IV, 126d 

— Fuchsine, I. 120a 
Acidimetry and alkalimetry, II. 

037c 

Acid-mordant dyes, IV. 127d 
1286 

— number of porphyrins. III. 

82a 

— of Bayer’s patents, I. 658c 
o-Acid of Claus and Volz, I. 658 
Acid of Schultz, I. 658c 

“ Acidol," I. 1206, 0806 
Acidolysis, IV, 349d! ; VI, 
397a 

Acids and bases, theory, VI. 
247a 

— , mineral, solvent action, II. 
5496 

— , organic, detn., potentio- 
metric, II. 708a 
— , — , — Avith ceric sulphate, 
II. 510c 

— , strength, VI. 248c 
“ Acidulin,” I. 120c 
Acid Avool dyes, I. 205c 
“ Acitrin:' 1. 120d 
Acker electrolytic cell. III. 576 
Acocanthera schimperi, 1. 120d 
“ Acoine," I. 120d, 369c ; VI. 
144a 

Aconic acid, I. 120d 
Aconine, I. 121d 
pseudoAconine, I. 123a 
Aconitic acid, I. 120d 
Aconitine and aconite alkaloids, 
1. 120d 

pseudo Aconitine, I. 1236 
AconitumnapcUus, I. 120d 

, A. spp., I. 120d, 122c, 

123a, 533c 
“ Acopyrin,” I. 736 
Acorin, I. 1246 
Acorn oil, I. 124a 
Acorus calannts, and essential 
oil, 1. 1246 ; . II. 201a 
Acraldehyde, I. 136a 
Acridan-nitrile, I. 1276 


Acridine, 1. 124c, 563a 

— and acridinium, diamino 

derivs., I. 134d 

' 5-carboxylamide, I. 1276 

5-earboxylic acid, I. 1276 

— , 5-chloro-, I. 1296 
— , 5-cyano-, I. 1276 
— , 2:6-diamino-, I. 135a 
— , 2:8-diamino-5 - o - carboxy - 
phenyl-, I. 125d 
— , 2:8-diamino-, compound of 
arsonic acid, I. 134d 

— drugs, I. 133d 

— , 3-ethoxy-5:8-diamino-, I. 

134a 

— Grignard compounds, 1. 1276 

— hydrochloride, 2-amino-3- 

methyl-8-dimethyl-, I. 

1326 

— , 6-hydroxy-N-oxide, I. 129a 

N-oxide, I, 129a 

— , 5:10-peroxide, I. 120a 

— salts, I. 1276 

Acridinium, quaternary salts, 
I. 126c 

5-Acridol, I. 128d 
Acridone, I. 128c, 135d 
; — -3-arsonic acid, I. 1296 
— , l-bromo-4-nitro-, I, 1296 
— , 5-chloro-2:6-dinitrO', I. 135a 
— , l-chloro-4-nitro-, I. 1296 

— colours, I. 4176 

— , 2:8-diamino-, I. 1256 
— , 2:8-dihydroxy-, I. 1296 
— , dimethoxy-, I. 1296 
Acridones derived from an- 
thraquinone, I. 396a 
Acridone-3-stibonic acid, I. 
1296 

2-sulphomc acid, I. 1256 

Acriflavine {see also FlaA'ine), 
I. 134a, 6, 135d ; IV. 306 
Acrinyl thiocyanate and iso- 
tluocyanate, 1. 136a 
Acrolein, 1. 136a ; III. lOd 
Acrolein ethylacetal, 1. 30a 
Acrolein resins, I. 136d 
“ Aerolite,” I. 130d , 

Acrose, a-, and j3-, 1. 136d 
Acrylic acid, I. 137a 
Actsea racemosa, I. 137a 
“Acterol,” I. 1376 
Actinine, II. 392a 
Actinioerythrin, I. 1376 ; II. 
401c 

Actinium, I. 1376 
Actinolite, I. 499c 
Actinon, I. 138c 
Actinozoa spp., coral from. III. 
300c 

Activators, V. 203d 
"Activin ” {see also " Aklivin ”), 

I. 140a 

ActiArity, chemical {see also 
Catalysis, homogeneous ), 

II. 5376 

“ Actol,” 1. 1406 
“ Acton,” 1. 1406 
Actor, I. 12c 
Acyl azides, I. 5826 

— cyanides, prepn., II. 3766 

— halides, prepn., II. 3706, 

3766 

Acyloins, I. 1406 
Acyl peroxides, prepn., II. 373a 
“ Adalin,” 1. 141a 
Adamite, I. 4a ; 141a 
" Adamon,” 1. 141a 
Adansonia digitala, I.*1416 
Adenase, IV, 315a 
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Adenine, I. 1416 ; II. 197a ; 
VI, 153a 

9 - Adenine - methyl - thio - 
pentoside, VI, Soc 
“ Adenos,” I. 142a 
Adenosine, I. 142a ; VI. 85c 

— desamidase, IV. 315a 
Adenylic acid, I. 142a ; II. 

2876 ; IV, 3116 

Adenylp^ophosphate, V. 186 
creatine reaction, VI. 786 

— in lactic acid formation, V. 

34d ; VI. 77a, 78a 

muscle extract, VI, 75c 

Adeps colli equini, VI. 280c 
Adhesives, 1. 1426 
— > casein in, II. 4146 
Adipic acid, I. 143c 
Adipic anhydride, I. 144a 
Adipocellulose, II. 467a 
Adipocere, I. 144c ; II. 25d 
Adipodialdehyde, I. 144a 
Adipyl dicliloride, I. 144a 
Adlumidine, I. 1456 
Adlumine, 1. 145a 
Admiralty gun-metal, I. 1456 

— white-metal, I. 1456 
“ Adnephrin,” I. 147d 
“ Adnic,” I. 1456 
Adonidoside {see also Adonis 

vemalis), II. 3876 ; VI. 
85c 

Adonis vemalis, I. 1456 ; VI. 
85c 

Adonitol, 1. 145c ; II. 2966 
Adonivernoside, II. 3876 ; VI. 
85c 

Adrenaline, 1. 145c 

— in toad poisons, II. 388a 

— substitutes, I., 147c 
“ Adrenamine,” I. 147d 
Adrenosterone, VI. 2786 
“ Adronol,” 1. 147d 
Adsorbents, commercial, I, 

155a ; II, 815c ; III. 270(Z ; 
IV. 246(1 

“ Adsorbit,” I. 147d 
Adsorption, 1. 147(1 ; III. 2826 
— , actiAmted, II. 540a ; VI. 
2146, 314(1, 3736, 377c, 3806 

— in 'catalysis {see also Cata- 

lysis ; Catalysis, hetero- 
geneous), II. 422(1 
— , “ molecular,” VI. 315a 
“ Adurol,” 1. 1556 
Adynerin, II. 380c 
JE^irine, I. 4506 
Mgle marmelos, I. 155c, 585(1 
“ Aeral,” I, 253a 
Aerated and mineral AA’aters, I. 
155c 

“ Aerofloat 15, 25 and 31,” V. 
205(1 

” Aeron,” I. 160a, 277a 
Aerosols, I. 160a 
“ Aerosols," V. 207(1 
JErugo, I. 1606 1 III. 330 
iEschynite, I. 1606 ; II. 5126. 
.ffiscigenin, I. 160c 
JEscin, I. 100c ; VI. 85c 
.ffisculetin, I. 100c 
— , methoxy-, III. 117(1 . 
JEsculinic acid. III. 276 
JEsculic acid. III. 276 
.ffisculin, I. 160c ; III. 27a, 
413a ; VI. 270c 

AEsculus Jiippocaslanmn, I. 
238(1 ; VI. 2796 

Msculus spp., I. 238(1 ; VI. 
886, 2796 
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“ MthacoV' I- leod' 

“ Mthocaine ” or Ethocaine, 

I. 16, leOcZ, 309a ; II. 346 
“ mhone," 1. 160^^ 

Mthusa cynapium, I. 1606! ; 
_ III. 324d 

.ffitiocliolanic acid, from digifc- 
oxigenin, II. 3826 
iEtioa/Zocliolanic acid, from 
uzarigenin, II. 3826 
.ffitiocholanone, relat/ion to 
cholesterol, III. 906 
.ffitioporphyrin. III. 83a ; VI. 
162a 

— , relation to blood pigments, 

II. 20c 

“ Aetox," V. 395d 
Aframomum amaniense, 1. 160d 

— mala, I. 161a 

— mcleguela, I. 161a 
African marigold, I. 161a 
“ Afridol,” I. 1626 
Afterdamp, II. 323d!, 344c 
Afwillite, I. 1626 ; II. 150c 
Agalite, I. 1626 
Agalmatolite, I. 162o 
Agar-agar, I. 162d!, 1996 
gel, III. 290d 

— , reactions, I. 1636 
Agarobilla, see Algarobilla. 
Agate, I. 163c ; II. 517c 
Agate-amygdales, I. 163d 
Agathdc acid, I. 164d 
Agathin,” I. 165a 
Agave, 1. 165a 

Agave spp. and fibres, I. 165a ; 

V. 166a, 1686 
Agavose, I. 165a 
Ageing, 1. 1656 
Agfacolor film, II. 446d 
Agfa Ultra Colour fihn, II. 453a 
Aglycone, VI. 82c 
Agmatine, I. 171c ; VI. 144a” 
Agmatine in ergot, IV, 331d 
Agnolin. See Lanolin. 
Agnosterol, III. 92d 
Agon, IV, 347d 
“ Agonol,” I. 171d 
Agropyron repens, I. 171d! 
Agrostis pasture, VI. 132c 
“ Agurin," I. 171d 
“ Aguttan," I. 171d 
Abouain, II. 386c 
“ Aich metal,” I. 171d 
Ailanthus silk, A. glandulosa, 
I. 171d 

Air-conditioning plants, VI. 

' 287a 

drying plant, IV, 78a 

— , silica gel, IV, 79a 

— , liquid, fractionation, II. 4246 
“ Airoform,” I. 171d 

“ Airogen,” I. 171d 
“ Atrol,” I. 171d, 700d 
A.l. Rounkol explosive, IV. 
5566 

Ajacine, 1. 172a ; III. 556d! 
Ajacordn, III. 556(Z 
Ajowan oil, I. 172a 
“ Akardit.” I. 172a 

, tribrf,, IV. 86d 

, trichl«, I. 172a 

1756 also “ Adivin”), 

, , n 

deriv., VI. 1726 

, — , in toi, 

1756 

, trifluoro-, VI. n, 2326 ; 

, tri-iodo-, VI. j. 

— anhydride, I. 576 


Alaite, I. 172d 
Alamosite, 1. 172d 
Alanine, 1. 172d 
— , acyl derivs., I. 1746 
^-Alanme, I. 175a ; II. 392c 
r- Al anin e anhydride, I. 174a 
Alanine salts, I. 173d! » 
Alanol, IV. 328c 
Alantolactone, alantolic acid, 
I. 1756 

Alant root, I. 1756 
cycloAlanylalanine, I. 174a 
Alban or Albane, I. 175c ; VI. 
158d 

“ Albany slip,” VI. Od 
“ Albargin,” 1. 175c 
Alba-saponin, VI. 896 
Albaspidin, 1. 175c ; V. 181c 
Albertite, I. 175c 
“ Albertols,” 1. 175d 
Albite, 1. 175d, 264d ; V. Id 
" Albocarbon.” 1. 175d 
Alboleersin, V. 56d 
Album grcecum, I. 175d! 
Albumin, blood serum, II. 19c 
Albuminoid ratio, IV. 6016 
Albuminoids in plant analysis, 
IV. 593d 

Albumin, oxidation, II. 2786 ' 

— , phenol from, II. 303d 
Albumins, rice, II. 4936 
“ Alclad,” I. 253a, 2756 
Alcohol (see also Ethyl alcohol), 
I. 175d 

— , absolute, prepn., I. 103c, 
1766, 1786 

— , — , tests, I. 180d 
Alcoholase, I. 206 
Alcohol denaturants, I. 183c 
— , detn., II. 683a 
— , mochyl, I. 692d 
Alcoholometer, Tralles’, I, 
188c 

Alcoholometry, I. 1856 
Alcohols, fatty, from fats, II. 
4276 

— , — , prepn. by catalytic 

hydrogenation, VI, 183c 
for motor fuels, I. 192a 

— from carbon monoxide [see 

also Pischer-Tropsch syn- 
thesis), II. 3506, c, 425c 

petroleum, I. i92c 

— , oxidation to acids, II. 362a 
Alcohol standards, I. 179c 
Alcoholysis, IV. 349d ; VI. 
397a 

Alcornin or alcornol, 1. 193c 
Aldehyde-ammonia, I. 22a 

resins, I. 21a, 29a 

Aldehydes, I. 193c 
— , action in bread, II. 82a 
— , compounds with sugars, II. 
289d 

— from carbon monoxide, II. 

3506 

— , Imninescent oxidation. III. 
23c 

— , oxidation, II. 362a 
— , prepn., II. 373c 
Aldehydines, 1. 197d, 316a 
Aldehydrol, I. 21a 
Alder bark, I. 197d 

— Buckthorn bark, I. 198a 
Aldol, I. 266, 198a 
Aldolase, V. 25d, 26c 

Aldol condensation, I. 266, 
195d, 198a; 11.1236 

, boron fluoride catalyst, 

VI. 259d 


Aldoses, detection, II, 293c 
“ Aldrey,” I. 253a, 277a 
“ Aldur,” I. 1986 
“ Aldural,” I. 253a 
Ale, II. 104d 


Alen’s (a-) acid, V. 329d 
“ Aletodin,” I. 517d 
“ Aleudrin,” I. 1986 
Aleurites spp., 1. 1986 ; IV. 82a, 
83c 


Aleurone grains, I. 198c 
Alexandrite, III. llOa 
“ Alexandrite, synthetical,” V. 
512d 

“ Alexipon,” I. 199a 
Alfa, 1. 199a 
Alfalfa, I. 199a 
— meal, IV, 5966 
Alformant lamp, IV, 276 
Algae, 1. 199a 

— , products from (see also 
Iodine), I. .162d, 199a; 
II. 403c ; III, 360c 
Algaroba, I. 2016 
Algarobilla, I. 2016 ; IV. 276d! 
Algaroth, Powder of, I. 2016, 
448a 


Algarrobin, I. 2016 
Algin, I, 199d, 200a, 201d 
Alginase, I. 201d 
Alginic acid, I. 200a, 201d ; 11. 
298a 


f salts, I, 202a 

Alginoid iron, I. 203a 
“ Algiron,” I. 203a 
Algodonite, I. 203a ; IV. 556 
Algol colours, I. 232c, 416a, 
418d, 420a 

— vat dyes (see also Vat dyes), 

I, 206a 

■Alipite, V. 430a 
AHte, II. 1416 
“ AUval," I. 2036 
Alizarin (see also Anthracene ; 
Anthraquinone ; Chay root ; 
Madder), I. 2036 

— and allied dyes (see also An- 

thraquinone ; Anthraqui- 
none dyes ; Dyeing; Vat 
dyes), I. 2036, 212d, 4026! 
— , 3-ammo-, I. 228c 
— , 4-amino-, I, 2066, 2286 

— Astrol, I. 206a 

B, I. 405cf 

BG, I. 231c 

— Bordeaux, see Quinalizarin, 

— Brilliant Clyanine GG, 1. 228d 
— , 3-bromo-, I, 220c 

— Cardinal, I. 2286, 3936 

— Celestol, I. 230d 
— , 3-chloro-, I. 220c 

— coloms. Acid, I. 120a, 404a 

— Cyanine, I. 2056 

, G, B, I. 228c, 2276 

, WBS, I. 2306, 391d 

— Cyclamen B, I. 2326 

— Delphinol, I. 230c 

— diethyl ether, I. 220c 

— dimethyl ether, I. 220c 
3:5- and - 3 : 8 -disulphonic 

acids, I. 230a 

— -3:6- and -3:7-disuIphonic 

acids, I. 3906 

— dyeing, Turkey-red oils in, 

II. 4:21d 


lyes, diagram, I. 206 
Smeraldol G, I. 230d, 3936 
rom madder, V. 416c 
lamet, I. 206a, 2286 
ID, I. 225a 
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Alizarin Geranol E, I. 2326, 
2336, 407a 

— G, GD, I. 224d!, 225a 

— Gl, I. 224(i 

— glycosides, I. 2336 

— Hexacyanin, I. 213a, 227c, 

392a 

— in chay root, II. 523(Z 
— , 3-iodo-, I. 220c 

— Irisol, I. 206a, 231a 
B, I. 4056 

— manufacture, I. 216d, 402c 
, Perkin’s process, I. 218a 

— a-methyl ether in chay root, 

II. 523d 

— j3-methyl ether, I. 2206 
3-monosulphonic acid, I. 

3906 

— , a- or 4-nitro-, I. 228a 
— , or 3-nitro-, I. 2066, 228a 

— Pentacyanin, I. 2276 

— Powder W, I. 229d 

— production, I. 216d 

— , properties and detection, I. 
219a, 6 

quinoline, I. 2066 

— BG, SDG, VG, I. 224d 

— Buhinol, I. 206a 
G, B, I. 232a, 406d 

— Saphirol, I. 2056, 393d, 394c 
A, I. 230d 

B, SE, I. 206a, 4036, 405a 

— SDG, VG, I. 224d 

3-sulphonic acid, I. 2066 

— TJranol B, I. 4076 
B, I. 231c, 4076 

— VG, I. 224d 

— Viridine, I. 232a 

, FP (By), I. 404c 

Alkalbir, III. 549a 
Alkali-beryl, I. 684c 

— -cellulose, viscose process, V. 

117d 

“ Alkali, dense ” or “ light,” 
for glassmaking, V. 560d 
Alkalimetals,detn., electrolytic, 
II. 699d 

, rare, qualitative re- 

. actions, II. 556c, 5636 
Alkalis, detn. in clays. III. 
203c 

— , — , — rocks, II. 585c 
Alkaloid borates, II. 50c 
Alkaloids (in general), I. 233c 
— , classification, I. 236c 
— , detn., I. 236a 
— , tests for, I. 235a 
Alkaloid V., VI. 200d 
Alkanet, I. 236d 
Alkanna, Alkannin or Al- 
kenna, sec Alkanet. 
Alkarsin, II. 188c 
“Alkasal," “ Alkasol,” I. 238c 
“ Alkasil," I. 238c 
“Alkyd” resins, I. 238c; II. 

469a ; VI. 64a 
Alkylacetylenes, I. 117d 
Alkylacridines, I. 127c 
Alkyladipic acids, I. 1446 
Alkylbenzenes, bromination, 
II. 320c ' 

fi-Alkyl-d^^-butadienes, I. 
89d 

Alkylnaphthalenes, I. 466d 
Allanite {see also Orthite), I. 
238c ; II. 5126 

AUantoin, d-, dl- and 1. 238c 
AUantoinases, I. 239d, 240a 
AUantoin, detn, in urine, 1. 240a 


AUantoin, prepn., from uric 
acid, I. 2396 
Allemontite, I. 439d 
AUenes, I. 2406 ; II. 1566 
Allen-Moore electrolytic cell, 

III. 53c 

Alligator pear, I. 5606 
“ Allional," see “ Allonal.” 
AUiumin, V. 429a 
Allium sativum. A., spp., V. 
429a 

— schoenoprasum. III. 34c 
Allobarbitone, III. 573a 
AUocholesterol, III. 91c 

Allochrysine," I. 241d VI. 
1196 

AUocryptopine, I. 241d II. 
528a 

Allodelpbite, I. 241d 
AUolactose, I. 242a 
AUomerisation of chloro- 
phyll, III. 84d 
» Allonai:' I. 2«Jo, 623a 
AUophane, III. 196a 
Allopbanic acid, santalyl ester, 
I. 242a 

“ Allosan,” I. 242a 
Allose, I. 242a ; II. 286a 
Allotropy, I. 242a 
Alloxan, I. 243d 
— , alkyl derivs., I. 2456 

— aniline sulphite, I. 245d 
— , aryl derivs., I. 245c 

— , colour reactions, I. 244d 
— , condensation with aromatic 
amines, I. 247o 

— , diamines, I. 246c 

— , hydroxylamine, I. 

246a 

— , ketones, I. 247d 

— dimethylaniline sulphite, I. 

245d 

• — hydrazones, I. 2466 
AUoxanic acid, I. 244d, 2486 
Alloxan, potassium, I. 2456 
Alloxantin, I. 2486, 249d • 

— , absorption spectrum, I. 
248d 

AUoxazine, I. 246d 
— , free radical from, I. 246d 
Alloys, see Alloys, light ; Amal- 
■ gam ; Hume - Bothery’s 

rule ; and individual 

metals. 

— , analysis, spectroscopic (see 
also Assaying ; individual 
metals), II. 692a 
— , electrodeposition, IV. 2706 
— , light, I. 250a, 275d 
— , plated, I. 253a 
AUyl radical and compounds, 
I. 256a 

— acetate, I. 256a 
AUylacetic acid, I. 256a 
AUylacetone, I. 2566 
AUylacetylene, I. 2566 
AUyl alcohol, I. 2566 
AUylamines, I. 2576 
AUylanUine, I. 257c 
AUylbenzene, 3-methoxy-4- 

hydroxy-, IV, 304c 
AUyl bromide, I. 257d 

— chloride, I. 257d 

— cyanamide, I. 258a 

— cyanide, I. 2586 
AUylene, I. 119a ; II. 2816 
AUyl ether, I. 2586 

— ethyl ether, I. 258c 
AUylguaiacol, IV. 3956 
AUyl iodide, I. 258c 


AUylmalonic acid, I. 258d 
AJlyl mercaptan, I. 258d 

— mustard oil, I. 258d! 

— nitrite, I. 258d 

— phenylthiourea, I. 259a 

— polysulphides in garlic, V. 

429a 

— pyrrole, I. 259a 

— sulphate, I. 259a 

— sulpiride, I. 259a 

— isothiocyanate, I. 258d ; III. 

lOd 

— thiourea, I. 2596 

— trihromide, I. 259c 
“ Almalec," I. 277a 
Almandine, I. 259c ; V. 420c 
“'Almasilium," I. 277a 
Almond, I. 259c 

— , essential oil, I. 260cZ 

— oil (fatty), I. 260a 
Almonds, sweet, enzyme from, 

IV, 2836 

Alniresinol, I. 198a 
Alnulin, I. 197(7 
“ Alocol," I. 2616 
Aloe-emodin, I. 2616 

— fibres, I. 2616 

— resins, I. 261c7 
Aloes, hitter, I. 2616 
— , wood, I. 262c 
Aloinose, I. 454a 
Aloins, I. 261(7, 262(7 
“ Aloxite,” I. 4a, 262(7 

— glass-grinding stone, V. 508(7 
Alpaca, I. 262(7 

“ Alpax," I. 2516, 262(7, 277c 
Alphanol dyes, I. 262(7 
“ Alphogen,’^ I. 262(7 ; IV. 28c 
“ Alphol,” I. 262(7 ; IV. 29(7 
” Alphozone,” I. 262(7 ; IV. 28c 
Alpinia oil, A. malaccensis, 

I. 263a 

Alquifou, alquifoux, I. 263a ; 

V. 415c 

“ AVsii:' IV, 248c 
“ Alspl," I. 263a 
Alstonia bark, I. 263a 
Alstonia spp., alkaloids, I. 203a 
Alstonidine, alstonine, I. 263c 
Alstonite, I. 263(7, 6136, 638a 
“ Altai," I. 263(7 
Althsea officinalis, I. 263(7 

— rosea, I. 264a 

Altheein, althein, I. 264a ; VI. 
85(7 

Altrose, I. 2646 ; II. 280a 
Aludel, I. 2646 
“ Aludur," I. 277a 
Alum, ammonium, I. 290c 
“ Alumatol," I. 264c 
Alum, hxrrnt, I. 295(7 
" Alum cake,” I. 2896 
Alum, chrome, or cliromium, 
III. 100(7 

Aliunian, I. 290d 
“ Alumilite ” protection of 
metals. III. 392c 
Alumina (see also Corundum ; 

Gems, artificial), I. 2Sla 
— , calcined or hydrated, for 
glass making, V. 501c 
— , catalytic action on methane, 

II. 349(7 

"Alumina hydrate,” 1.290(7 
Alumina production, I. 205(7 
II. 320a 

— white, I. 290(7 
Aluminates, I. 2846 
Alumine hydrates dcs Beaux, 

I, 656c 
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Aluminite, I. 204c, 289a 
Alirminittm, I. 264c 

— acetate, I. 292c 

— acetylacetone, I. 293a 

— , action on phenol, II. SOOcZ 

— alkyl halides, I. 2936 

— alkyls, I. 293a 

— alloys (see also Alloys, light), 

I. 250a, 275d 

— and chromium, analytical 

separation, VI. 2996 

— as trace element, I. oOid, II. 

4966 

— borates, I. 291d 

— borides, I. 291c ; II. 366 

— borocarbide, I. 292a 

— borotartrate, II. 30c 

— brasses, bronzes, etc., I. 270d 

— bromate, I. 288a 

— bromide, I. 287d 

— carbide, I. 291<Z ; II. 281c 
, formation, II. 360a 

— carbonate, I. 292a 

— carbonyl, I. 292a 
cerium alloy, II. .507eZ 

— , chemical properties, I. 273a 

— chlorate, I. 287c 

— chloride, I. 286d 

— chloro -formate, I. 292c 

— chlorosulphate, I. 291a 

— citrate, I. 293a 

containing minerals, for 

glassmaking, V. 501c 
— , corrosion by inorganic sub- 
stances, I. 273d, 274a 
— , — . — organic substances, I. 
274c 

— — , prevention, I. 275a 

— - cyanamide, I. 2926 

— cyanide, I. 292a 

— , detection and detn., I. 2796 
— , — by micro-methods, I. 
2l9d 

— , detn., assay, I. 52 Id 
— , — , colorimetric, I. 279c ; II. 
609d 

— , — , gravimetric, I. 2796; II. 
591 d 

— , — in clay, III. 202c 

— , food, II. 650d; V. 

292c 

— , — , volmnetric, I. 2796 ; II. 
6506 

— dithionate, I. 291a 

— , drop reaction, II. 579c 
— , electrodeposition, IV. 270a 
— , electroplating on, I. 278d 

— ethoxide, I. 28c, 2936 

— fluoride, I. 28.5d 

— foil, I. 2786 

— formate, I. 292c 

— gluconate in tanning, II. 

2976 

— , higher oxides, I. 283c 
— , hydrogen compounds, 1. 280c 

— hydroxide, I. 283c 

gels and sols, I. 283d 

, mineral form. II. 25c 

— hypochlorite, I. 287c 
— , industrial uses, I. 2786 

— iodate, I. 288c 

— iodide, I. 288a 

— methoxide catalyst, II. 350d 

— nitrate, I. 2856 

-acetate, I. 285c, 293a 

— nitride, I. 284d 

— nitrite, I. 2856 

— oleate, I. 293c 

— , organic compounds, I. 292c 

— oxalate, I. 2936 


Aluminium oxide, I. 281a; 
IV. 175a 

— paint, I. 278c 

— pahnitate, I. 293c ; V. 195c 

— perchlorate, I. 287c • 

— , physical properties, I. 271d 
— , polishing, I. 278d 

— powder, I. 278c 

— production, carbon elec- 

trodes, I. 268d 

, electrolytic- I. 265a, 269c 

, reduction furnaces, I. 

269c 

— , qualitative reactions, II. 
548a, 552a, 568a ; IV. 173d 

— , , rare metals present, 

II. 555a, .556d 

— selenate, I- 2916 

— selenide, I. 291a 

— selenite, I. 291a 

— selenocyanate, I. 292c 

— silicate, in building materials, 

II. 1336 

— silicates, I. 2916 

— stearate, I. 293d 

— subchlorides, I. 286d 

— subfluorides, I. 283d 

— suboxides, I. 281a 

— sulphate, I. 288d 
acetate, I. 292d 

— siilphide, I. 288c 

— sulpliite, I. 288d 

— tartrate, I. 293d 

— tellurate and telluride, I. 

2916 

— tellurite, I. 2916 

— thiocyanate, I. 2926 

— triisobutoxide, II. 170c 

— triphenyl, I. 2936 

— vessels in MeOH synthesis, 

II. 3506 

Alumino-ferric , I. 289c 
Aluminon, I. 280a, 296d 
Alum, iron, I. 293d 

meal, I. 2956 

— , mineral, I. 264c, 294a 
“ Afumnasol,” I. 296d 
“ Alumnol,” I. 296d ; IV. 30a 
Alum, potash, or potassium, 
I. 294a 

— rock {see also Alunite), I. 

294a 

Alums, I. 293d 
Alum-shale, I. 297a 
— , soda, or sodium, I. 296a 

stone {see also Alunite), I. 

297d 

“ Alundum,” 1.^2976, 6576 ; III. 
399c 

Alunite, I. 264c, 294a, 297d 
Alxmogen, I. 289a, 298c ; IV. 
591d 

Alva, I- 199a 
" Alvar," I. 90c, 94d 
Alvite, VI. 169a 
“ Alypin,” I. 298c, 369a 
Amadou, I. 298d 
Amalgeim, I. 298d 
Amalie acid, I. 249c 
Amandin, I. 300d 
Am anil dyes, I. 30 Od 
Amanita muscaria I. 300d 
Amaranth, I. 300d 
Amarillite, I. 300d 
Amarine, 99a 
— , luminescent oxidation. III. 
24a 

“ Amatin," I. 301a 
Amatol, I. 301a 
Amatoxol, I. 301d 


Amazonite, 

301c 


amazon-stone, I. 


Amhaline, 1. 301c 
Ambari, V. 164c 
Amhatoarinite, I. 3706 
Amb er, I. 301d 
“ Amber," I. 303a 
Amber, artificial, I. 302c, 614d 
— , essential oil, I, 303a 
Ambergris, I. 3036 
Amberite, I. 303d 
Ambler gas analysis appara- 
tus, II. 677a 
Amblygonite, I. 303d 
Ambrein, I. 304a 
Ambrette, I. 304a 

musk, I. 3046 

Ambrettolide, I. 304a 
Ambrine," I. 3046 
Ambrite, I. 3046 
“ Ambroid," I. 3026 
Ambrosia artemisifolia, I. 3046 
“ Ameisine," I. 3046 
Ameliaroside, VI. 93c 
“Amenyl," I. 304c 
“ American Alloy,” I, 253a, 
277c 

American ashes, I. 304c 
“ Ameroid,” I. 304c 
Amethyst (dye), I. 305c, 576c 

— (quartz), I. 304c 
— , oriental, III. 398d 
Amianthus or amiantos, I. 

304c, 499c 

Amide powder, I. 304c 
I Amides, prepn., II. 371a, 375c 
— , reduction, II. 374d 
Amidine dyes, I. 304d 
Amidines, I. 304d 
Amidogeae, IV. 463a 
“ Amidol," I. 305a 
"Amidopyrine," I. 305a 
Amidoxyl benzoate, I. 3056 
Amines, I. 3056 
— , aromatic, potentiometric 

detn., II. 707a 
— , catalytic prepn., II. 428d 
— , formation, II. 3776 
— , physical properties, I. 310, 
311 

— , primary, detn., II. 6276 
— , reactions, I. 312a 
Aminoacetic acid, VI. 71d 

— acids, benzyl esters, VI. 

72d 

Amino-acids, I. 316d 
, acyl derivs., I. 319d 

— , esters, I. 319a 

of rice proteins, II. 493c 

, reagent for, I. 3246 

, salts, I. 319a 

, synthesis, II. 369d 

Aminochrysene, dyes from, 

III. 118d 


{minoform," I. 326a 
ainoformic acid, II. 2786 
linolysis, I. 322a ; IV. 319d 

. _ T-TT OOCf^ 



unines, I. 284d, 326a ; HI. 
327d. 334a 

imodendrine, I. 3266 
imolin, II. 29d 
monal, I. 3266 
mon. carbonit, IV. 554d 
monia, I. 326d 
absorption in sulphm’icacid, 
340d 

aqueous solution, I. 328c. 
330a 
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Ammoiiiacal liquor distilla- 
tion, I. 844d 

, phenol from, II. 303d 

Ammonia, catalytic oxida- 
tion, II. 4246 

— , cracked, for hydrogen sup- 
ply, I. 330d ; VI. 335a 

— crackers, VI. 335a 
Ammoniacum, I. 356c 
Ammonia, detn., gravimetric, 

II. 598c 

— , — in gases, II. 681d 

— , , micro-method, II. 

6816 

■ — •, — , volumetric, II. 645a 

— from blast-furnace gas, peat 

and shale, I. 342a 
coal-, lignite- or pro- 
ducer-gas, I. 338d 

— in Are extinguishers, II. 356c 
— , liquid, as solvent, I. 3316 

— production, I. 331c, 3356 

— , qualitative reactions, II. 
553d, 572c 

— recovery an liquor or sul- 

phate, I. 349a, 350a 

, direct and semi-direci 

processes, I. 3406 ; III. 
2626 ; V. 461a 

— — from coke-oven gas. III. 

265a 

, indirect process, I. 3406 ; 

V. 459a, 461a 

, Lymn or Power Gas 

Corpn. system, V. 3756 

, Mond system, V. 374c 

soda process, II. 326a 

— synthesis, I. 331c, 3356 
, American processes, I. 

338a 

, catalysts, I. 333d 

, direct, I. 332a ; II. 423d 

, hydrogen production for, 

(see also Hydrogen produc- 
tion), I. 334c ; VI. 333d 

, theoretical basis, II. 534c 

— , technical, . as liquor and 
anhydrous liquid, I. 350c 
Ammoniated superphosphate, 
I. 353d 

Ammonite, IV. 554a 
Ammonium bicarbonate, I. 
351d 

— borate, occurrence, II. 356 

— calcium ferrocyanide. III. 

470d 

— carbamate, I. 351c ; II. 2786 

— carbonate, I. 351c 

— chloride, I. 351d 

, vapour density of dry, 

IV. 806 

— chromate, HI. 111c 

— cyanate. III. 507a 

— dichromate. III. 111c 

— ferrocyanide. III. 470c 

— ferrous ferrocyanide. III. 

471c 

— nitrate, I. 352c, 354a ; IV. 

464a 

— N - nitrosophenylhydroxyl - 

amine reagent, II. 5836 

— persulphate in flour, II. Sid 

— phosphate, I. 3.52d 
, mono-, V. 223a 

— , qualitative reactions, II. 
553d, 572c 

— salts, I. 331a, 350d 

in candle wicks. II. 265o 

— sulphamate, flameproofing 

with, V, 108c 


Ammonium sulphate from 
coke-oven gas. III. 2686 

— gas liquor, I. 347c 

gyp-sum, I. 351a 

, production, I. 342a, 350d; 

II. 4246 

— thiocyanate, HI. 508d ; VI. 

143a 

Ammonolysis, VI. 397a 
Ammonprilver, I. 357a 
Ammophos, I. 353d 
Amolonin, VI. 85d 
Amosite, I. 5006 
Ampangaheite, I. 3576 
Ampelopsin, I. 3576 ; III. 
554c 

“ Amphetamine,” IV. 318a 
Amphibole-asbestos, I. 499c 
'\Amphotropin,” I. 357d 
Amydricaine hydrochloride, 
' I. 298c, 369a 

Amygdalase, II. 442c ; IV. 
282d 

Amygdalin, I. 259c, 2606, 

357d 

— , gentiobiose in, II. 2996 
fsoAmygdalin, VI. 85d 
“ Amygdophenin,” I. 358a 
isoAmylacetal, I. 36a 
Amyl acetate, in film dopes, 

II. 4486 

in lacquers, II. 469a 

, production, II. 471d 

, specifications, II. 4726 

isoAmylacetic acid, VI. 2056 
isoAmylacetoacetic acid, ethyl 
ester, I. 64c 

Amyl alcohol as stabiliser, IV. 
521c 

production (see also Fusel 

oil), I. 1786, 360a; II. 
471d 

— alcohols, I. 3586 
n-Amylamine, I. 3616 
isoAmylamine in ergot, IV. 

331d 

Amylan, a- and jS-, I. 363a 
Amyl and amyl compounds, I. 
358a 

Amylarine, I. 363c 
Amylase (see also Diastase ; 
Brewing), I. 363c ; II. 
302c ; IV. Slid, 3136 ; VI. 
3956, 396d 

— a- and B-, in brewing, II. 88a 

— in millet, II. 4866 

rice, II. 4956 

Amyl bromide, I. 3616 
fsoAmylcupreine, III. 161c 
Amylenes, I. 361d, 3646 
Amylenol, I. 362d 

Amyl esters, I. 361, 362d 

— ether, I. 362o 

— fluorides, I. 362a 
rsoAmylformal, I. 346 
isoAmylhydrocupreine, III. 

1686 

isoAmylhydrocupreinse hydro- 
chloridiuni, PV. 392c 
Amylobacter pectinovorum, V. 
1 o9c 

Amylodextrins, II. S8a, 298d ; 

III. 567d, 568o 

“ Amytoform,” I. 365a 
Amylokinase, II. 88o 
Amylopectin, L 365a 

— in rice, II. 494c 
Amylopsin, I. 0906 
Amylase, I. 365a 
Amylosynthease, II. 495c 
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2-n-Amylq[uinoline, 4-meth- 
oxy-. III. 462d, 463a 
isoAmyltrimethyl - ammon - 
ium hydroxide, I. 363c 
Amyrilene in cacao butter, II. 
185d 

Amyrins, a- and B-, I. 365c ; 

IV. 275c 

" Amytal,” I. 365d, 3686, 623a 
Anabasine, I. 365d 
“ Anacardic acid,” I. 366a 
Anacardiiim nut. A, occiden- 
tale, I. 126, 365d 
“ Ansestkesine or “ Anesthesine,” 
I. 3666, 3696, 371c 
Ansesthetic acetylene, I. 367c 

— chloroform, I. 307c ; III. 

796 

— “ Chloryl,” IV. 359a 

. — divinyl ether, I. 368a 

— ether, I. 3676 ; IV. 386d, 

388a 

— ethers, comparison of, IV. 

353c 

— ethyl chloride, I. 3676 

— ethylene, I. 367d ; VI. 373a 

— nitrous oxide, I. 367a 
Anaesthetics, I. 3666 

— , explosion risks with, I. 368a'; 

IV. 388a, 427c 
— , local, I. 368c 
Anagyrine, Anagyris foetida, 

I. 369d 

” Anahaemin,” VI. 204d 
“ Analgen,” I. 369d 
Analgesine, I. 369d 
“ Analutos,” I. 370a 
Analysis, absorption spectra 
in, II. 709a 

— , azeotropes in, II. 711a 
— , chemical (see also Assaying), 

II. 5416 

— , chromatographic, II. 628a ; 
IV. 174c 

— , combustion, of carbon com- 
pounds, II. 615a 
— , — , micro-method, II. 630c 
— , drop reactions, II. 579c 
— , electrochemical, conduc- 
tivity methods, II. 6926 
— , — , inner electrolysis in, II. 
699c 

— , — , micro-method, II. 099c 
— , electrodeposition methods, 
II. 095c 

— , electro-, Hildebrand’s 

method, II. 699d 
— , gas, II. 674d, 687d 
— , gravimetric, II. 582c 
— , — , with cupferron, II. 5836 
— , — , — oxine, II. 5836 
— , — , — qmnaldinic acid, II. 
583c 

— , hydrogenation, macro- and 
micro-, VI. 3596 
— , micro-, detn. of organic 
radicals, II. 633d 
— , — gas, II. 080d 
— , — gravimetric methods, II. 
6296 

— , — volumetric methods, II. 
633d 

— of carbon compounds, tests 

for elements, II. 615a 

dyes, IV. 174c, 194d, 

239a 

— , polaro^aphic, II. 7106 
— , potentiometric, II, 702d 
— , proximate, of carbon com- 
pounds, II. 0236 



520 


INDEX 


Analysis, qualitative (see also 
Borax beads ; Cobalt nitrate 
reactions ; Flame colora- 
tions ; Microcosmic salt 
beads ; “ Silica skeleton 

test”), IL 5i5d 
— , — , dry tests, II. 547a, 5485 
— , — , groups I and li, II, 


551a, c 

— , group III (phosphates 
absent), II. 652a 
— , (phosphates pre- 

sent), II. 552a, 6 
— , — IV. II. 5526 
— , — - V. II. 553a 
— , — VI. II, 554a 
— , open tube method, II. 
5476 


— , rare metals absent, II. 
550c 

— , present, II. 554a, 

55Gd 

— , solvent action of mineral 
acid, II. 5496 
quantitative, II. 582c 
reactions of organic acids, 
II. 5G9a 

rare earth metals, II. 

568c 

special reactions, II. 505fZ 
spectrum, see Spectrum 
analysis. 

“ spot ” tests, .see Drop 
reactions. 

titration, conductivity 
method, II, flOScZ 
ultimate, of carbon com- 
poimds, II. 015a 
volumetric, II. 634cZ 
— , calibration of vessels, 
II. 635c 

— , detn, of combined acids, 
II. 0406 

— , free acid in salts, 

II. 0406 

— , iodine, thiosulpnate and 
arsenite methods, II. 6486 
— , of acids, II. 645a 
— , — alkaline substances, 
II. 644a 

— , standard solutions, II. 
641c 

— , vpith ceric sulphate, II, 
047d 

— , — dichromate, II. 6476 
— , — permanganate, II. 
040c 

— , — silver nitrate, II, 
649c 

— , — stannous chloride, II. 
0496 

— , — titanous chloride, II. 
049a ; IV, 239a 
Anamirta paniciilata (see also 
Cocculus indicKs), I. 370a 
Anamirtin, I. 370a 
Ananas sativus, I, 458ci! 
.Anatase, I, 370a 
‘‘ Anayodin,” I. 370a 
Ancylite, I, 370a 
Andalusite, I. 264d, 3706 
Andeer’s lotion, TV. 29c 
Andesine, I. 370c 
Andesite, I. 370c 
Andiroba oil, II. 2776 
Andorite, I, 370d 
Andradite, V. 4296 
Andropogon oils (see also 
Citronella), III. 183(Z 
Androsin, I. 370d ; VI. 85cZ 


Androstan-3-ol-17-one, I. 

370d , 

^^•®-Androsten-3-one-17-ol, 
I. 371a 

Androsterone, cis - andro- 
sterone, I. 370d, VI. 274d! 
Anemolic acid, I, 3716 
Anemonin, anemoninic acid, 
I. 3716 

“ Anesin” or “ Aneson,” see 
Acetone-chloroform. 

" Anesthesine ” or “ Anaesthe- 
sine,” I. 3666, 3096, 371c 
“ Anestile," IV. 359a 
Anethole, I. 371c 
Anethum graveolens, I, 371c : 
IV. 4c 

Aneurin, I, 371c, 6836 ; VI. 
138fZ 

Angel electrolytic cell. III. .08a 
Angelica, essential oil, I. 371c 
Angeline, I. Slid 
Anglesite, I. 371d 
“ Anglopyrin," I, 517d 
Angostura or Angustura bark 
(see also Cusparia bark). III. 
4026 

Angosttnun and angosturine, 
III. 463a, c 

Angular leaf spot, V. 139a 
Anhaline, I, 371^ ; VI. 266a 
Anhydrides, acid, prepn,, II. 
3706 

Anhydrite, I. 372a ; II, 1296, 
130a 

— , conversion into ammonium 
sulphate, II, 4246 
“ Anhydrite, insoluble ” and 
” soluble,” II. 130a 
Anhydroazafrinoneamide, II. 
395(2 

Anhydrobrazilic acid, II. 69(2 
Anhydrocapsanthinone, II. 
273a 

Anhydrogitalin, II. 3846 
Anhydrone, III. 68(2 
Anhydro-osazones, II. 2936 
Anhydropermonosulphuric 
acid, II. 393(2 

Anilic acids, preparation, II. 
,3716 

Anilides, preparation, II, 3716 
Aniline, I. 372c 
Blue, -Brown, -Red, -Scar- 
let, I. 376(2 

— from phenol, II. 307a 

— nitrite. III. 581a 

— , o- and p-nitro-, I. 39a 
— , pyrolysis, II. 278c 
— , tetranitro-, IV, 487(2 
^-Anilinobut^dehyde ethyl- 
acetal, I. 366 

Anilinobutylideneaniline, I. 
29(2 

Animal oil, II. 29c ; VI. 1356, 
280(2 

, Dippel’s oU, II. 29c 

Anime or Animi, see Elemi. 
Animin, II. 29(2 
Anion acids, VI. 247a 
Anisaldehyde, I. 376(2 
Aniseed, I, 376(2 
Anise oil, I. 377a 
Anisic acid, I. 377a 
Anisidine, o-, m-, and p-, I. 
3776 

Anisole, I. 377d 
— , s-trinitro-, IV. 484a 
Ajokerite, I. 378a ; IV. 53(2 
“ Annaline,” VI. 100c 1 


Annatto, I. 378a 
Annealing, I, 379a 
— , bright, VI. 334c 
Annivite, IV. 590(2 
Anode efficiency, IV. 201c 
Anodic oxidation of metals. 

III. 3926 ; IV. 271(2 
Anodising, IV. 271(2 
Anodynine, see Antipyrine. 

“ Anogon” I, 380(2 
” Anol,” VI. 225(2 
” Anon,” I, 380(2 
Anorthite, I. 264(2 ; II. 22Se ; 
V. Id 

Anserine, I. 380(2 ; II. 392a 
Antalgine (see also Agatlun), 
I. 381a 

Anthanthrone, I. 426a 
Antheinene, anthemol, I. 381a 
Anthemis nobilis, essential oil, 
I. 381a ; II, 520a 
Antheraxanthin, I. 381a ; II. 
399(2 

Anthocyanidins, I, 3816 
Anthocyanins," I. 3186 ; II. 

1206, 1836, 2346 
— , sugar in, II. 2996 
Anthocyans, I. 3816 
Anthophyllite, I. 499c 
Anthorine, ^-anthorine, 1. 124a 
Anthracene, I. 382a 
— , additive compounds, I. 385c 
— , detn., I, 380(2 

— from anthraquinone, I. 3886 
— , halogenation, I, 3806 

— , hydrogenation, I. 380c ; VI. 
352(2 

— oil, I. 1266 ; III. 2086, 211c 
, in wood preservation, II. 

308(2 

— , oxidation, II. 428a 
Anthrachrome dyes, I. 387c 
I Anthrachrysazin, see Anthra* 
chrysone.’ 

Anthrachrysone or anthra- 
chrysazin, I. 213a, 226c, 
405a 

2:6-disuIphonate, I. 392(2 

Anthracite, V. 344a 
Anthraflavic acid, see Anthra- 
flavin. 

isoAnthraflavic acid, I. 212(2 
Anthraflavin, I. 206a, 212(2, 
223a, 402c 

isoAnthraflavin, I. 206a, 212(2, 
2236 

Anthraflavin, l:5-dinitro-, I, 
392c 

3:7-disulphonic acid, I. 3906, 

392(2 

isoAnthraflavin, l;3:6;8-tetra- 
nitro-, I. 392(2 

3:6-disulphonic acid, I. 3906, 

392(2 

Anthraflavone G, I, 418(2 
Anthrafuchsone, I. 431c 
AnthragaUol, I. 212(2, 2236, 
402c 

Anthragallolamide, I. 223(2 
ilnthragallol, a- and jS-hy- 
droxy-, I. 212(2, 226a 
— , dihydroxy-, I. 212(2, 2276 
— 1:2- and l:3-dimethyl ethers, 

I. 223^ ; II. 524a 
— , 4-nitro-, I. 392(2 
ALnthrahydro(piinone, l:2-di- 
hydroxy-, I. 219(2 
Anthrahydro(iuinones, I- 
215a 

Anthralan colours, I. 407(2 
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Anthranol, 1. 215a, 3885, 430a ; 

II. 410d! 

— , dihydroxy-, III. 127{Z 
— , l:2-diliydroxy-, I. 219d 
Anthrapinacone, I. 4326 
Anthrapurpurin, I. 206a, 
212d, 225a 

Anthrapurpiirinamide, I. 
225c 

Anthrapurpurin, hydroxy-, I. 
213a 

Anthraqumol, I. 3886, 430d 
Anthraquinone, I. 200c, 207a, 
387d, 5G5a 

— , acylamino-, vatdyes, 1. 205c 
— , acyl derivs., I. 390d 
— , alkyl derivs., I. 395c 
— , alkyloxy derivs., I. 2116 
— , 1- and 2-ainino-, I. 206o, 
211c, 394c, 4126 
— , l-amino-2:3-dihydroxy-, I. 
223d! 

— , l-ainino-2:4-dinitro-, I. 392a 
— , 2-amino-3-niiro-, I. 392a 
— , 6 - amino - 1 : 2 : 5 : 8- tetra- 
hydroxy-, I. 228c 
— , aroyl derivs., I. 390d 
— , aryl derivs., I. 395c 
— , 2-chloro-, I. 2086, 210d!, 
402c 

— , chloro-derivs., I. 397d 
— , l-cliloro-4-hydroxy-, I. 402c 
— , l-chloro-4-nitro-, I. 3926 

— colours, brilliancy, I. 429c 

— derivs., replacement actions, 

I. 211a 

— , N : N' - dibenzoyl - 1:5 - di- 
amino-, I. 232d 
— , dicliloro-, I. 211a, 402c 
— , 2:4 - dichloro - 1 - amino -, I. 
207d 

— , l:5-dicliloro-4:8-dinitro-, I. 
3926 

— , l:8-dichloro-4:5-dinitro-, I. 
3926 

— , l:8-dichloro-4-nitro-, I. 3926 
— , dichloro-, disulphonic acids, 
I. 390d 

— , — , monosulphonic acids, I. 
390d: 

— , l:2-dihydroxy- (sec also Ali- 
zarin ; Alizarin and allied 
dyes), I. 397d, 402c; II. 
523d 

— , l:3-dihydroxy-, I. 220c 
— , l:3-dihydroxy-4-amino-, I. 
2246 

— , l:4-dihydroxy-, I. 220d! 

— , l:5-dihydroxy-, I. 221d! . 

— , l:6-dihydroxy-, I. 222a , 

— , l:7-dihydroxy-, I. 2226 
— , l:8-dihydroxy-, anthranol, 

III. 120c 

— , 2:3-dihydroxy-, I. 222c 
— , 2:6-dihydroxy-, I. 223a 
— , l:5-dinitro-, I. 206a, c ; 
210(7, 391a 

— , l.’S-’dinitro-, I. 210(7, 391a 
— , 2:7-dinitro-, complex with 
clu’ysene. III. llSc 

— disulphonic acids, I. 208(7, 

209c, 210c 

2:6-disulphonic acid, 1:5- 

dihydroxv-4:8-diamino-, I. 
206(7 

— -3:7-disulpl^onic acid,l:2:4:5: 

0:S-hexahydroxy-, I. 206(7 

— dyes (see also Alizarin and 

allied dyes ; Dyeing ; Vat. 
dyes), I. 402d! 


Anthraquinone from phthalic 
anhydride and benzene, I. 
401(7 

— , 1:2:3:5:6:7 - hexahydroxy -, 
I. 227c 

— , 1:2;4:5:6:8 - hexahydroxy -, 
I. 227c 

— , 1:2:4 .'5:7:8 - hexahydroxy -, 

I. 227c 

— , 1-hydroxy-, I. 216a 
— , 2-hydroxy-, I. 2166, 402c ; 

II. 524c 

— , l-hydroxy-4-benzoylamino-, 
I. 200(7 

— , 1 - hydroxymethyl - 1:8 - di- 
hydroxy-, I. 2616 
— , leuco-l:4-(iiamino-, I. 4096 
— , 1-nitro-, I. 206c, 210(7 
— , 1-nitro-, 5-and-8-sulphonic 
acids, I. 391d » 

— . 3 - nitro - 1:2:4:5:7:8 - hexa - 
hydroxy-, I. 2286 
— , nuclear syntheses, I. 400(7 
— , l:2:3:5:7-pentahydroxy-, I. 
2276 

— , l:2:4.‘5:8-pentahydroxy-, I. 
I. 2276 

— , phenoxy-derivs., I. 2116 
— , production, II. 428a 
Anthracpiinones, acylamino-, 
I. 200(7 

Anthra(juinone, 1 - salicyl - 
amino-, I. 233a 

Anthraquinones, amino-, I. 

205c, 211c, 394c, 4146 
— , — , halogenation, I. 3976 
— , diamino-, I. 212a, 3026, 
395a 

— , dihydroxy-, I. 220c, 221d, 
222, 223, 397(7 

— , hydroxy-, 1. 2036, 212(7, 
397(7 

— , — , constitution, I. 215c 
— , — , lakes from, and proper- 
ties, I. 215(7, 216a 
— , — , reduction, I. 215a 
Anthraqi^one-1- (or -a-) sul- 
phonic acid, I. 2096 

2- (or -B-) sulphonic acid, I. 

210a 

— sulphonic acids, I. 208(7 
— , l:4:5:8-tetra-amino-, I. 2126 
— , /l®-tetrahydro-, I. 2086 
— , 1. •2:3:4 - tetrahydroxy -, I. 
226a 

— , 1:2:5:G - tetrahydroxy -, I. 
2266 

— , 1:2:5:8 - tetrahydroxy -, I. 
2206 

— , 1:3:5:7 - tetrahydroxy.-, I. 
220c 

— , 1:4:5:8 - tetrahydroxy -, I. 
227a 

tliioglycollic acid dyes, I. 

232c 

— , l:4:0-trichloro-, I. 402c 
— , 2:3:0-trichloro-, I. 402c 
— , l:2:3-trihydroxy-, I. 223c 
— , l:2:4-trihydroxy-, I. 223(7 
— , l:2:5-trihydroxy-, I. 224c 
— , l:2:0-trihydroxy-, I. 224c. 

— , l:2;7-trihydroxy-, I. 225a 
— , l:2:8-trihydroxy-, I. 225(7 
— , l:3:8-trihydi'oxv-, I. 212(7. 
225(7 

— , l:4:6-trihydroxy-, I. 212(7, 
225(7 

— , l:4:8-trihydroxy-, I. 212(7 
Anthraquino - quinolines, I. 

■ 390(7 
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Anthrarobin, I. 219(7, 433a ; 

III. 117(7 

Anthra Rubine R, I. 415c 
Anthrarufin, I. 221(7 

— as intermediate, I. 405a 
— , diacetyl-, I. 222a 

— , 4:8-diamino-, I. 205c, 212c 
— , 4:8-dinitro-, I. 212(7, 302c 

2:6 - disulphonic acid, I. 

3906, 392(7 

— , hydroxy-, I. 206a, 212(7, 
224c 

— , synthesis and jjrepn. I. 
212(7, 221(7 

— , 2:4:6:8-tetranitro-, I. 392c 

— -2:4:6:8-tetrasulphonic acid, 

I. 3906 

Anthrimides, I. 4116 
Anthrone, I. 200c, 215a, 3886 
— , 1-chloro-, I. 432(7 
— , derivs., I. 432(7 

— prepn., I. 430a 
Anti-agers for rubber, I. 29(7 
Antiarigenin, II. 387c 
Antiarin, a- and B-, I. 433a ; 

II. 387c ; VI. 86a 
Antiarose, II. 387c 
Anti-catalysts, see also Cata- 
lyst poisons. 

in drying oil, IV. 92a 

prepn. of bornyl 

cliloride, II. 2516 
Anti-chlor, I. 4336 
Anticoagulants, blood, II, 
246 

" Anticol," I, 4336 
" Andcorodal,” I. 253a, 277a 
Anti-corrosion, III. 385o 
Anti- dimming materials in 
respirators. III, 18(7 
" Antidin, " I. 4336 
" Antifebrin,” I. 38(7, 4336 
Anti-flash compounds, IV. 
521(7 

“ Antiformin," I. 4336 
Anti-fouling paints, III, S83c 
Anti-friction metal, I. 440a 
Anti-froths, V. 280a 
“ Antifunsin,” I. 4336 
Antigen of blood, II. 226 
Antihypo, I. 4336 
Anti-knock addition to i^etrol, 

I. 074o ; IV. 417(7, 449a 
agents, metal carbonyls 

as, II. 358d! 

“ Antileprol," I. 433c 
“ Antileutin,” I, 433c 
Antimonials, aliphatic, I. 434a 
— , alkyl, dihalides, I. 4346 
— , aromatic, I. 435c 
— , cyclic, I. 437c 
— , detn. of antimony in, II. 
6226 

— , organic, I. 433c 
Antimonine, I. 439c 
Antimonious oxide, I. 418a 

pigrnent, I. 449c 

Antimonite, I. 439c, d 
Antimony, I. 439c 

— blende, I. 439(7 

— bloom, I. 439(7 

— , Butter of, I. 447(7 

— cacodyl, I. 434c 

— chloride as chlorine carrier, 

II. 3536 

chromium alloy. III. 104a 

— cinnabar, I. 4 i7c ; II, 23.3(7 

— crocus, I. 4476 
“Antimony, crude,” I. 442a, 

4406 
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Antimony, detn., assay, 1. 522a 
— , — , colorimetric, II. G70c 
— . — , electrodeposition method, 
II. 700a 

— , — , gravimetric, II. 6005 
— , — in enamelled Avare, V. 
202d 

— , — , iodimetric, II. 051c 
— , — , potentiometric, II. 707a 
— , drop reaction, II. 579fZ 

glance, I. 439d 

Antimonyl compounds, I. '138d 
Antimony, luminescent re- 
action. III. 23d 

— mordant, I. 448c 

— , nickeliferous grey, I. I39d 

— ore. I. 4465 

— oxide as catalyst, II. 350d 
, complexes with catechol, 

II. 431a 

for glassmaking, V. 560a 

— oxychloride, I. 41Sa 

— pentachloride. chlorination 

catalyst, II. 42Sd 

— pentafluoride, I. 448c 

— pentasulphide, I. 447a 

— , qualitative reactions, II. 
Sold, 57.3d 

— , . rare' njetals present, 

II. 554d, 556d 

— saffron, I. 4475 

— salt or salts. I. 4485. d 

— sesquisulphide, I. 4405 

— tetroxide, I. 4485 

— trichloride, I. 447d 

, reaction with carotene, 

II. 394d 

— trifluoride, I. 448c 

— trioxide, I. 448a 

— trisulphide, I. 4465 

“ Antinonin," I. 448 ; IV. 30c 
“ Antinosin," I. 448d 
Anti-oxidants (see also In- 
hibitors, ^m), VI. 468d 

, addition to benzole 

motor fuel, I. 6745 

for drying oils and 

rubber, II. 427c ; W. 92a 

in food, II. 427c ; V. 

306a 

“ Antiperiodyin,” “ Antiperios- 
iin," I. 449a 

“ Antipyrin ” I. 369d, 449a ; VI. 
300d, 3025 

Antipyrine, 4-dimethyiamino-, 
I. 305a 

Antirrliinin, I. 449a 
Antiseptics (see also Disinfec- 
tants; Food preserA'atives). 
— . acridine, I. 133d 
— , benzoic acid, IV. 28c ; V. 
300c 

— , butyric acid, IV. 285 
— , camphor, IV. 30d 
— . carbon tetrachloride. IV. 30d 
— . cinnamic acid, IV. 29a 
— , creosol, IV. 29c 
— , creosote. III. 420a, 422a ; 
IV. 29d 

— . cresoLs, IV. 295 
— , cresyhc acid. III. 427d 
— . essential oils. IV. 30d 
— , halogenated aromatic com- 
pmmds, IV. 30c 
— , hops, IT. 92a 
— , hydrocarbon. IV. 30c 
— , lanolin. III. 92c 
-— , lysol. III. 427d 
— , nitro-compounds, aromatic, 
IV, 30c 


INDEX 

Antiseptics, perborates in, II. 
52a 

— , petrolemn, IV. 30c 
“ Arititussin," I. 449c 
Antivenenes, antivenom sera, 
II. 2 Id 

“ Antodyne," I. 449c 
“ Antox," I. 449c 
Aomai, II. 495d 
Apallagin. I. 449c 
Apatite, 1. 449c ; II. 201a, 224c 

— for superphosphate manu- 

facture, V. 08c 

— in bone, II. 27c 
Aphis sinensis, V. 420c 
Apiitliitalite, I. 4505 
Aphylline, I. 3G5d 
Apigenin, 11. 5205 ; V. 5145 ; 

VI. 171c 

Apigeninidin, 5-glucosidvl-, V. 
.529d 

A.P.I. gravitv scale. I. 450c 
Apiin, I. 450c ; II. 2S8d ; V. 
5145 

— in celery, II. 1415 
— , met boxy-, VI. 92a 
Apionic acid, I. 450d 
Apiose, I. 450c ; II. 288d 
Apis spp; V. 5305 ; VI. 262d, 

2635 

Apium pclrosclinum, I. 450d 
Aplite, VI. 1205 
cisApocamphoric acid, II. 345 
Apocamitine, I. 450d ; II. 
391c 

Apodiolic acid, compound 
with camphor, II. 240d 
Apocinchene, III. 141a 
Apocinchonidine, III. 153c 
Apocinclionine. IIL 157o 
Apocyclene, II. 240c 
“ Apolysin," I. 450d 
Apomorpliine methyl bromide, 
II. Il8d ; IV. 401d 
“ Aponal," I. 450d 
Apophospliorylase, V. 35c 
Apopliyliite, II. 227c 
Apoqrtmamine, III. 169a 
Apoqninene, III. 141a, 178a 
Apoqpi^dine, III. 149c, 1715 
Apoquinine, III. 149c, 1765 
Aporeine, I. 450d 
Aporphine alkaloids (see also 
isoQuinolinealkaloids), III. 
4005 

Aposafranines, I. 570c, 575c 
Aposafranone, I. 571a 
“ Apothesine,” I. 369a, 451a 
Apozymase, III. 250c 
Apple, I. 45ia 

— jack, I. 4525 

pulp, I. 4525 ; III. 124d 

Apples, cider. III. 122a 
Apricot, I. 452d 
“ Apyron," I. 4535 
“ Aquadag,” I. 119d; 11.3105; 
in. 288a 

Aquamarine, I. 6855 
Aqua regia, solvent in analysis, 
I. 4535 ; ll. 549d 
Aquaresin G.JI., I. 453c 
Aquilit, I. 13Ga 
Araban, II. 287a, 462c ; VI. 
load 

Arabic acid. I. 12a ; VI. 1565 
Arabin, I. 12a 

Arabinogalacturonic acid, II. 
298a 

Arabinose, I. 453c ; II. 2826 
Arabitol, I- 454a 


7-Arabonic acid, I. 453(7 
AracMdic acid, I. 4545, 456a 

, crude, I. 4565 

Aracbidonic acid, III. 2475 

Aracbin, I. 454c 

Arachis hypogcea, I. 454c ; TI. 

138a, 201c 
Araebis oil, I. 454c 
" Arachlor," IV. 11a 
Arachnoidiscus Ehrenbergii. I. 

163c 


Aragonite, I. 456d ; 11. 2035, 
• 2205 

Aralia spp., I. 457 ; VI. 86a 
Araligenin, I. 457a 
Aralin, VI. 80c 
Aramayoite, I. 4575 
Arandisite, I. 4575 
“ Anappo,” I. 653d 
Arariba rubra, I. 4665 ; YI. 

188a 

Araroba, I. 4575 ; III. 1165 
Ararobinol, III. 116c, 1175 
Arbotrine, I. 457c 
Arbutin, I. 457c ; VI. 86a 
— , monobenzoyl, II. 4435 
Arbutus uva ursi, I. 4o7c 
Arcaine, I. 457c 
Arcanite, I. 4505 
Area nocc (mollusc), I. 457c 
Archangelica ojficinalis, I. 371c 
“ Archibromin," I. 457d 
Arcbil substitute, IV. 207a 
“ Archiodin," I. 457d 
Arctic sperm oil, II. 53d 
Arctostaphylos uva-%irsi, I. 6605 ; 

IV. 3335 


4rdennite, I. 457d 
4reca catechu, I. 458a 
Arecaidine, I. 45Sa 
ftrecaine, I. 458a 
Areca nut, I. 458a 
Arecolidine, I. 4586 
Arecoline, I. 458a 
Arenobufotoxin, II. 3885 
Areometer. Cartier’s, 1. 188c 
Argal or Argol, I. 46id 
Arganine, I. 4585 
Argan oil, I. 4585 
‘ Argentamine,” I. 458c ; I' 
2Ga 

Argentine, I. 458c 
Argentite, I. 458c ; VI. 20Ga 
Argban fibre, I. 458d 
Arginase, I. 458d, 461c 
Arginine, dl- and 1-, I. 4595 
4615 

— , occurrence, II. lS2d ; 

1935 

‘ Argoferment,” I. 461c 
Argoflavin, I. 134a 
Argol or argal, I. 461d 
Argon, I. 461d 
— , detn., II. 681d 
‘ Argonin," I. 465d ; IV. 26a 
‘ Argulan,’’ I. 465d_ 
Arg 3 n‘escin, III. 27c 
Argyrin, III. 27c 
Argyrodite, I. 466a 
'Argyro/,” I. 466; IV.2Ga 
‘ Arheol," I. 466a 
‘ Arhoin," I. 466a ' 

Aribine, I. 4665 ; VI. 188c 
Aricine, III. 128a, 151c 
Aristinic acid, I. 4665 


III. 




1745 

“ Aristol," I. 4665 
Aristolocbic acid, I. Abbo 
Aristolocbine, I. 4665 
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“ Arisioquinine," see “ Arislo- 
chin." 

Armagnac, II. 636 
Armstxong’s quinoiioid theory 
of colour. III. SOSd! 

Aritica flowers and root, I. 4666 
Arnica montana, I. 4666 
Arnicin, I. <166c 
Arnisterol, I. 466c 
Aromadendrene, aroinaden- 
drone, I. 466c 
Arrack, I. 467d 
“ Arrhenal" I. 4S26 ; IV. 24c 
Arrhenius equation, constants 
of, VI. 229a 

of the collision number, 

IV. 3496 ; VI. 227c, 229a 

heat of activation, 

II. 531(7 

Arrow poisons, III. 4596 
Arrowroot, I. 468a ; II. 418c 
“ Arsacetin" 1. 468c. 4S7a ; IV. 
24(7 

“ Arsamin," I. 468c, 486(7 
" Arsaminal," I. 468c 
p-Arsanilic acid, I. 486c 

, acetvl-, sodium salt, I. 

46Sc, 4S7a 

Arsanthrene, I. 494c 
Arsenate, diharium, I. 644a 
— , lead, I. 478d 
Arsenates, detn. , potentio- 
metric, II. 706a 
— , qualitative reactions, I. 

478o ; II. 5736 
Arsenic, I. 468c 
-Arsenical antimony, I. 439(7 
Arsenic, alloys, I. 4726 
Arsenical pj-iites, I. 409a 
Arsenicals, aliphatic, I. 481c 
— , aromatic, I. 485a 
— , aryl-alkyl-, I. 484a 
— , asymmetric, optical resolu- 
tion, I. 484c 

— , detn. of As in, II. 622c, 652a 
Arsenical soot, I. 474c 
Arsenicals, organic, I. 479(7 
— . — , in therapeutics, I. 4866 
— , volatile, from mo\dd 

grmvths, I. 483c 
Arsenic as trace element, 1. 505a 
— , Butter of. I. 479c 

— carbide, II. 281a 

— , caustic oil of, I. 479c 

— chloride, I. 479c 

as chlorine carrier, II. 

3536 

— compounds, I. 472(7 

in warfare. III. 10c 

— , cyclic derivs., I. 494a 
— , detection, I. 470a 

— , detn., assay, I. 5226 
— , — , electrodeposition method, 
II. 7006 

— , — . gravimetric, II. 599c 
— , — in arsenicals, II. 652a : 
VI. 361(7 

— , carbon compounds, II. 

622c. 652a ; VI. 361(7 

— , food, II. 292(7 

— , — , — hydrogenation 'analv- 
sis, VI. 361(7 

— , — , micro-method, II. 6336 
— . — , potentiometric. II. 706a 
— , — , volumetric, II. 651(7 

— disulphide, I. 479a 

— glass. I. 475c 

— m hops. II. 92c 

rice, II. 496c 

— , native, I. 469a 


Arsenic oxide, I. 4786 

— pentasulpMde, I. 479c 

— pentoxide, I. 4786 

— , qualitative reactions, II. 
551(7, 5736 

— , , rare metals present, 

II. 554(7, 556d 

— , removal from hydrochloric 
acid. III. 766 

— sulphides, I. 479a 

— trichloride, production, I. 

479c ; III. 10(7 

— trihydride, I. 472d 

— tri-iodide, I. 479(7 

— trioxide, I. 473a 

— trisulphide, I. 4796 

— , white, vitreous, I. 475c 
Arsenillo, I. 533c 
Arsenious anhydride, I. 473a 

— oxide for glassmaking, V. 

558c, 560a 

Arsenites, qualitative re- 
actions (sec also Arsenic), 
II. 5736 

Arseniuretted. hydrogen, I. 
472(7 

Arsenobenzene, 3:3'-diamino- 
Ivl'-dihydroxy-, I. 4916 
Arsenobenzenes, I. 491a 
“ Arsenohillon," I. 4916 
Arsenoklasite, I. 496c 
Arsenolite, I. 469a. 476o 
Arsenopyrite, sec Mispickel. 
Arseno-stibinobenzenes, I. 
492(7 

Arsine, I. 472(7 
— , chlorovinyldichloro-. III. 

11a 

— , detection {sec also Arsenic. 

detection), II. 5736, 6S2a 
— , detn., gravimetric, II. 682a 
Arsinic acid, dimethyl-, II. 
1886 

Artabotrine, I. 496(7 
Artemisia spp., I. 4c, 5a, 6a ; 
V. 263c 

Artemisin, I. 497a 
“ Arterenol," I. 147(7, 497o 
Artichoke, I. 497o 
— , Chinese, I. 497a 
— , globe, I. 497a 
— , Japanese, I. 497a 
— , Jerusalem, I. 497a 
Artificial silk, see Acetate silk 
dyes ; Cellulose ; Dyeing ; 
Dyes, azo ; Fibres, arti- 
ficial, or rayon. 

— transmutation. I. 5426 
Artisil dyes, I. 42a 
Artocarpus iniegrifoUa, A. 

spp., I. 497(7 : II. S5d 
Arum vtaciilaium, 1. 497(7 
Aryane, III. 286 
Arylacetylenes. I. 117(7 
Arylacridines, I. 127c 
Aryladipic acids, I. 1446 
Arylamines, reaction with car- 
bon monoxide. II. 350(7 
Arylguani dines. VI. 144(7, 147a 
Arylstibonic acids, I. 430a 
Asaf(Btida, I. 497(7 
“ Asaprol," I. 4c ; IV. 30a 
Asar^debyde. I. 498(7 
“ Asarcoloy,” II. 192(7 
Asarone, I. 498(7 ; II. 4046 
Asaronic acid, I. 49Sd 
Asarum arifoUinn, A. canadc/isc, 
I. 498(7 ; IV. 397(7, 400a 

— sjjp., eugenyl niethvl ether 

from, IV. 391(7 


Asbarg, I. 499a 
“ Asbestic,” I. 500d 
Asbestine, I. 4996 
Asbestos, 1. 499c 
“ Asbestos, blue,” I. 499d ; 
III. 429(7 

Asbestos in plastics, II. 4156, 
4796 

— , serpentine, I. 499c 
— , varieties, I. 499(7 
Asbolan, asbolite, III. 2146 
Ascaridole, I. 50ia ; III. 24(7 
“ Ascarite," II. 6826 
Asebarite, II. 356 
Asclepias cotton, A. spp., I. 
50lc 

7-Ascorbic acid (see also Vita- 
min C), I. 501c ; IV. 3116 
Ascosterol, IV. 325c 
Asduana, II. 1056 
“ Aseptol," I. 503c 
Asb, I. 503c 
Ashbury metal, I. 445(7 
" Asiphil," sec Asyphil. 
Asmanit, I. 511c 
Asparaginase, I. 511c 
Asparagine, I. 511(7, 514(7 ; II. 
4416 

Asparagus, I. 514c 

stone, I. 449(7 

Aspartase (in B. coli), I. 514(7 
Aspartic acid, I. 514(7 
Aspergillus, asparaginase in, I. 
511c 

— niger (sec also Fermenta- 

tion, monlci), II. 846 ; IV. 
282(7 

— oryzee, IV. 316d 

— spp. in fermentations, see 

Fermentation, mould. 
Asperula essence. III. 412d 
Asperula spp., I. 510a ; V. 415c 
Asperulin, I. 516c 
Asperuloside, V. 410d 
Asphalt and bitumen, I. 516(7 
Asphodel, j4sp7iO(7c7i(S spj}., I. 
517(7 

Aspidin, aspidinol, V. 1816, 
182a 

Aspidium filix mas, A. sjiinn- 
losuni,Y. 180(7, lS2a 
Aspirators, I. 612n; VI. 359(7 
“ Aspirin," I. 119(7. 517(7 
“ Aspirin soluble," I. 517(7 
“ Aspirin," trade names, I. 
517(7 

Aspiropben, I. 518a 
“ Asposal," I. 517(7 
“ Aspriodine,” I. 518a 
Assaying (see also Analysis, 
chemical ; individual 

metals), I, 518a 
Assay sampling, I. 5186 

— ton. III. la 

Assistants, chemical, in dye- 
ing, IV. 129(7 
Astacin, I. 532a 
Aster chinoisis, I. 532d ; II. 
2346 

Asteric acid, I. 5326 
Asterin, I. 532(7 ; II. 2346 ; 
III. 115(7 

Astrakanite, II. 196 
Astraline, I. 533a 
Astralit, I. 533a 
Astralite, I. 533o 
Astrapbloxine, III. 519c 
“ Astrolin," I. 533a 
Astropbyllite, I. 4506 
Asyphil," I. 5336, 517c 
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Atacamite, I. 533c ; III. 341c, 
3506 

" Atebrin," I. 134a ; III. 1376 
Atelestite, I. 533c 
Atisine, I. 12Zd 
Atis root, I. 533c 
Atlantone, I. 533c 
Atmospliere, I. 534a 
“ Atocin," I. 539c 
Atomic data for the elements, 
I. 5396 

— number, see Atomic data ; 

Atomic structme. 

— structure, I. 541a 
“ Atonin'’ I. 517(Z 

“ Atophan " (see also Cincho- 
phen), I. 539c, 547a 
“ Atoquinol," I. 547a 
“Atoxyl," I. 468c, 4806, 486d, 
547a 

— , acetyl-, I. 468c, 487a 
Atractylic acid, VI. 86a 
Atractylis gummifera, VI. 86a 
Atractylol, IV. 393a 
Atranorin, I. 547a 
Atrolactinic acid, I. 547a 
Atropa belladona, I. 6636 
Atropamine, I. 5476 
Atropine, VI. 203d 
Atropurol from Euonymus, 

IV. 400c 

Atroscine, see Hyoscine. 

Attacus atlas, A. spp., I. 171d, 

V. 80a 

Attalea cohune, A. funifera, 

III. 257d ; V. 16Sa 
Attar of roses, I. 5476 

“ Atyrosyl,” I. 547c 
Aiibepine, I. 376d 
Aucuba japonica, I. 547c 
Auctihigenin, I. 547c 
Aucuhin, I. 547c 
Augelite, I. 547d 
Augite, I. 652a ; II. 137c ; III. 
573a ; VI. 126a 

syenite huUding stone, II. 

137c 

Auld. and Pickle extractor, IV. 
580d 

Auracin G, I. 131d 
Atrramine i, n, in, G and O, 
I. 547d, 548a, 549c 
— , antiseptic, I. 548cZ 
— , N-phenyl, I. 5496 
Auramines, N-alkyl, I. 5496 
Aurantia or Hexyl, I. 549c ; 

IV. 14d, 489a 
Aurantin, V. 56d 
Aurate, barium, VI. 1166 
— , potassium, VI. 116a 

— , — disulphato-, VI. 117a 
Aureolin, III. 2196 
Auric acid, VI. 116a 
, hydronitrato-, VI. 1176 

— chldride, diammino-, VI. 

116d 

, dipyridinodichloro-, VI. 

1136 

“ Auric chloride, phenyl-,” VI. 
121tZ 

Auric compoimds, see also' 
under Gold compoimds. 

— oxide, sesquiammino-, VI. 

116c 

— sulphide, VI. 1166 
Auriferous telluride, VI. 102a 
Aurine, I. 549d 

— , hexahydroxy-, IV. 401c 
■ — , 3:5:3':5';3”:5” - hexameth- 
oxy-, IV. 401a 


Auripigmentum, I. 4796 
Aurisulphide, sodium (see also 
under Gold compounds), VI. 
116c 

" Aurobin," I. 549d 
“ Aurocantan," I. 549d 
“ Aurochin,” I. 549d 
Aurocyanides in gold extrac- 
tion, III. 480a ; VI. 1046, 
115a 

Aurofuszirin, V. 50 
Auroglaucin, V. 54c 
Aurophosphin G, 4G, I. 132d 
Aurosmirid, I. 549d 
Aurosoauric halides, doubts 
concerning, VI. 115a, 1166 
Aurosoauric oxide, VI. 1166 
Aurothiosulphate, sodium, 
Yl. 117d 

— , — , structure, VI. 118a 
Aurous acetylide, II. 2806 ; 

VI. 1186 

— acid, hydrobromo-, VI. 113d 

— bromide, VI. 113c 
, diammino-, VI. 113d 

— chloride, and derivs., VI. 

113d 

, bisdiethylene thiocar- 

bamido-, VI. 1146 

carbonyl, VI. 121d 

, dimethyldithiolethylene-, 

VI. 1146 

— compounds, see also under 

Gold compounds. 

— iodide, VI. 114d 

— oxide, non-existent, VI. 115d 
Auram, VI. 101c 

— mosaicum or musiviim, I. 

549d 

Auryl compounds, see also 
under Gold compounds. 

— hydrosulphate, VI. 117a 

— hydroxide, VI. 116a 
Aussig electrolytic ceU, III. 

526, 67d 

Austenite, I. 550a 
Austinite, I. 550a 
Austracamphene (d - cam- 
phene), I. 237c, 550a 
Australicin wattle, I. 11c 
Australite, I. 533a 
Autan, I. 550a 
Autoclaves, I. 5506 
Autolysis, I. 556c 
“ Autoxidation ” reactions in 
hydrogen peroxide, VI. 
340c 

Autunite or Calco-uranite, I. 

558a ; II. 393a 
Auximones, V. 636, 74d 
Auxin, I. 5586 
Auxochromes, III. 3086 
Avanturine or Aventiuine, I. 
559c 

Auena sativg, VI. 866 

— unit, I. 5586 
Avenein, VI. 866 
Aventurine glass or glaze, I. 

559d ; VI. 12a 

— quartz, I. 559d 
Averrhoa caramhola, II. 275d 
“ Avertin'' I. 3686, 559d 
Avignon berries, I. 560a ; VI. 

98c 

— grains, I. 559d 

“ Avional," I. 253a, 21'la 
Avocado oil, I. 560a 

— pear, I. 5606 
Avogadrite, I. 560c ; V. 606 
Avogadro’s law, VI. 412c 


Awobana, I. 560c 
Awobanin, III. 554c 
Axin, I. 560d 
Axinite, I. 264d, 560d 
Axite, IV. 518a' 

Ayahasco, II. 182a 
Azabenzanthrone, I. 4286 
Azacyanines, III. 530a 
Azadirachta indiea, I. 561a 
Azafran or azafranillo, I. 561a 
Azafrin, I. 561a ; II. 4016 
Azafrinal-i and - n methyl 
esters, II. 395d 

Azafrin, relation to carotene, 
II. 395d 


Azant^aquinone, I. 428c 
Azelaic acid, I. 561c 
Azelaone, I. 562a 
Azeotropes (see also Distilla- 
tion, laboratory), I. 178c 
— , definition, IV. 516 
— in analysis, II. 711a 
— , varieties of, IV. 516 
Azeotropic mixtures with alco- 
hols, I. 1006 

Azides, cyanuric and metallic, 
I. 562a 

— , derivs. and detn., I. 5806 
— , velocity of decomposition, 
VI. 223a 

Azidine dyes, see Diamine 
dyes. 

Aziminobenzenes, I. 315d 
Azimino-compormds, I. 5634; 

III. 580c, 5936 

naphthalenes, 1:2-, 1:8-, and 

2:3-, III. 5936 
Azine dyes, I. 568a, 5786 
Azines, I. 563d ; II. 315d ; VI. 
2996 

— , quinonoid formulce, I. 571o 
Azo-acid-wool dyes, tables, 

IV. 208-210 

j constitution, IV. 

2036 

Azobenzene, I. 579c 
Azocarmine B, I. 573d 
Azo-compounds, detn., II. 
6276, 707a 

, prepn., IV. 193a 

Azodicarbamidine, VI. 149c 


so-dyes, IV. 190a 
, treatment with form- 
aldehyde, IV. 2266 

, metallic salts, 11. 

141c, 209c, 224a, 226a 
and components, identi- 
fication, IV. 1476, 173a, 
195a, 239a 


199c 


applications, IV. 12oa, 


226d 

, components and uses, 

tables, IV. 200-236 . 

, couphng by special 

methods, IV. 2386 

developed on the fibre, 

IV. 2256 

, diazotisingaiidcouplmg 

reactions, IV. 195a 

, direct cotton, IV. 215c 

, affinity of, I ' • 


224c 


from y-acid, IV. 


for acetate rayon, l'- 

2346 . 

cotton printing, iv. 

179a, 236d 
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Azo-dyes for leather, IV. 21 .'5a 1 
fciik, IV. 2Ud 

— viscose rayon, IV. 234 a 

wool, IV. 203a 

' — , .J-acid coupling com- 

ponent, IV. 222c 

, inanufactui'e and plant, 

IV. 230ci!, 238c 

, metal complexes in, IV. 

141d, 211c, 214c, 224a 

, mordant, IV. 21 Oa 

, properties, IV. 193d 

— , various uses, IV. 230t 

Azoic bases, constitution, JV. 

232a 

— coupling comi)oncnts, IV. 

228, 229 

— dyes, IV. ]20d, 2276 

, nitrosamines for printing, 

IV. 233a 

— printing mixtures, IV. 231 d 
Azoimide, I. .OSOa 
Azoimides, arom.atic. III. .'580c 
— , — , preparation from dia- 

zonium salts. III. .'580c 
Azo-lake dyes, IV. 234 c 
Azomethane, III. 000a 
Azo-mordant-wool dyes, 
mono-, IV. 212a 
Azonium bases, 1. 564a 
“ Azophenylene,” I. .'50.'5a 
“ Azophor ” stable diazo-com-, 
pounds, IV. 231c 
Azo-pigment dyes, IV. 234c 
Azorubin, 11. 390a 
Azote, 1. 582c 

Azotobacter and trace elements, 
1. 507d, 51 Oc 

Azotoluene, o-amino-, I. 550a 
Azotometer, I. 582c ; II. 01 8a, 
0316 

Azoxybenzene, I. 582c 
Azulene, I. 5d, llOd, 583a 
Azurin, 1. 583c 

Azxmite,.!. 583d ; II. 2,5c ; III. 
26c, 341c, 355d 


B 

B-Acid, I. 5836 
Babassu f.at, in chocolate. III. 
886 

— oil. III. 243d 
Babbitt mcLfil, I. 585a 
Bablab, I. 585a 
Babul gum, I. 585a 
Bacilli, Bacillus, sccB. 

B. aceti, I. 43c ; IV. 378a 
B. anthracis, V. 3956 
B. coli, cytoclirome. III. 544c 
B. curviis, I. 43c 
B. kutzingianum, I. 43c 
B. mesentericus on bread, II. 846 
B. oxydans, I. 43c 
B. pasteurianum, 1. 43c 
B. xylinoides, I. 43c 
B. xylinus, Brown’s, 1. 43c, 456 
Backman chambers in bleach- 
ing pjowder production, III. 
016 

Baco fat, I. 055a 
Bacteria, Bacterium, see also B. 
Bacteria, chemic,al action, see 
Fermentation, bacterial. 

' — , chemiluminescent. III. 23d 
— , lactic, in butter, II. 100a 
Bactericides, see Antiseptics ; 
Disinfectants ; Food pre- 
Ecrvativc-s. 


! 
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Bacterium tumefaciens, V. 420d 
Baddeleyite, 1. 5856 ; II. 07c 
Badischo acid, I, la, 585d 
Badouin te.st, forsc.sam6 oil, II. 
1076 

Bael fruit, I. 585d 
Baetmilerite, I. 585d 
Bagasse, I. 585d ; IT. 497c 
Baicalin, I. 585d ; VI. 806 
Bajri, II. 482d 
Bakankosine, I. 58fla 
“ Bakeliie ” (see also Formalde- 
phenol resin), I; 586a ; TI. 
308c 

Balcerite, I. 586a 
Bakbar, I. 586a 
Baking powdeis, I. 5866 
Balam fat, II. 326 
Balance, I. 587a 
Balata, VI. 157a 
Balbiano’s acid, II. 248a 
Balbul bark, I. 11c 
Baldwin’s phosphoisis, II. 222c 
Baljet reaction of cardiac 
glycosides, II. 383d 
Balias, III. 547d 
Ball-diorite, TV. 86 
Ballistic pendulum, IV. 548c 
Ballistite, I. 614c ; IV. 5186 
Balm of Oilead, I. 014d 
Balsam (sec also Balm), T. 614d 
— , copaiba,- III. 3376 
— , Gurjun, and its oil. III. 337c; 
VL 156c 

— , Illuiin, III. 3.386 
— Mecca, I. 01 4d 
Balsamo bianco, I. OlOd 
Balsamodedron sjyp. gum resin, 
I, 058c 

Balsam, Peru, and B., 'Polu, 
I. 0106, C17c ; III. 180a 
Balsams, I. 614d 
— , xanthorfhasa, I. 0186 
B^timore oil, IH. 24c 
Bambara- or bambooi-fat, I. 
0.546 

Bamboo, I. 618d 
Bambuk-buttor, I. 0546 
Banana, I. 618d 
— - fibre, I. la, 018d 
Bandrowski's base, VI. 171 d 
Banisteria cuajd, 11. 182a ; VI. 
180a 

Banisterine - harmine, II. 
182a; VT. 1806 

Baobab tree, Adansonia digi- 
tala, I. 1416 _ 

Baphiin, bapliinitin, b.nphini- 
tonc, I. 0506, c 

Baptigenin, i/z-b.-i-ptigenin, I. 

019c; V. 2.59d; VI. 806 
Baptin,-!. 01 9c 
Baptisia iincloria, I. 619tt ; VI. 
806 

Baptisin, li-bapti.sin, I. 619c ; 

V. 259d ; VI. 806 
Baptitoxine, III. 542c 
“ Barafo/,” I. 619c ; IV. 4046 
Barbaloin, isobarbaloin, I. 
262a, c 

Barbatic .acid, I. 01 Od 
Barbatolic acid, I. OlOd 
Barberry, I. 6l9d 
“ Barbital," I. 023a 
Barbituric acid, I. 620c 

, acyl derive., I. 024 a 

, 1 -dibromopropyl-5:5-di- 

cthyl-, IV. 7c 

, 1 :5 - dimethyl - 5 - cycle - 

httxcnyl-, IV. 4156 
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Barbitiiric acid, di- and tri- 
imino-, I. 020c 

from urea, II. 3.52d 

, halogen derivs., 1. 024c 

, hydroxy-, I. 02.5a 

, W-sub.stitutcd derivs., I. 

021a 

, 5-nitro-, I. 027a 

, polysubstitul.cd derivs., 

1. 022a 

— salts, I. 020d 

— acids, alkyl and aryl, I. 021a 

, amino-dcrivs., I. 028c 

, condensation with alde- 
hydes and ketones, I. 029d 

, diazo compounds, 

I. 0306 

, C-substituted derivs., I. 

021a 

, detection and detn., I. 

0236 

, 5:5 - disubstituted, I. 

02 Id 

, ether-like derivs., I. 023d 

, Monitroso-, 1. 020c 

, substituted, pharmaco- 

logic.al properties, I. 023a 

, trade names, 1. 023a 

, thio-, 1. 022c 

isoBarbituric acid, I. 030d 
Barilla or barillor, I. 630d ; II. 
419c 

Barite, I. 651a 
Barium, I. 631a 

— alloys, I. 032a 

— aluminates, I. 284c, 04 4 d 

— amalgam, I. 082a 

— amide, 1. 038d 

— ammonium, I. 038d 

— arson.ates, I. 044a 

— os trace clement, I. 50.5a 

— azide, J. 503a, 580d, 039a 

— bromide, I. 030d 

— carbide, I. 037d 

— carbonate {see also Wither- 

itc), 1. 038a 

for glassmaking, V. 5016 

in brick -makijig, 11. 1 20a 

— carbonyl, II. 357c 

— chloiatc, I. 030c 

— cldoride, I. 035a 

— chlorite, I. 0306 

— chromate, 1. 042c ; HI. 11 Id 

— cyanide. III. 491d 

' — , detn., gr.avimotric. If. 5806 
— , — , volumetric, II. 0536, 700a 
dichrornate, I. 042c ; 111. 

llld 

— dimetaphosphate, 1. 0436 

— dithionate, 1. 042a 

— , drop reaction, II. .579d 

— ferrocyanide. III. 4706 

— fluoride, I. 037c 

— hexametai)hosph.'ite, I. 0436 

— hydrosulphide, I. 040d 

— liydroxiiTe, 1. 034 a 

— in Br.azil nu(.s, II, 07c 

— iodate, I. 0376 

— iodide, I. 037a 

— ions, action on prothrombin, 

II. 23c 

— manganate, I. 042d 

— manganif/C, I. 043a 

— monomctfiphospliatc, I. 0436 

— rnouo.sulphide, I. 040a 

— nitrate, I. 0396 
explosives, IV. 4046 

— nitrite, 1. 0396 

— orthophosjfhatcs, I. 0436 

— ortho-thioawicnaic, I. 0146 
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Barium oxide, I. 6326 

— oxybromides, I. 636d 

— oxychloride, I. 6366 

— oxyiodide, I. 6376 
parisite. III. 364a 

— pentasulphide, I. 641a 

— perchlorate, I. 636c 

— periodate, I. 6376 

— permanganate, I. 642d! 

— pernitride, II. 222a 

— peroxide, I. 633a 
hydrate, I. 635a 

— phosphide, I. 643a 

— platinocyanide. III. 487d 

— potassium ferrocyanide. III. 

470c 

— pyrophosphate, I. 644a 

— pyrosulphate, I. 642a 

— , qualitative reactions, II. 
553c, 5676 

— , , rare metals present, 

II. 555d, 556d 

— selenate, I. 6426 

— selenide, I. 6426 

— selenite, I. 6426 

— silicates, I. 044c 

— silicides, I. 0446 

— sodium sulpha'te, I. 042a 

— subchloride, I. 635a 

— suboxide, I. 6326 

— sulphate (see also Baryte), I. 

6416 

, acid, I. 641c 

for glassmaking, V. 5616 

in paints, II. 3a 

, mineral, I. 651a ; II. 2Qd 

, phosphorescent, II, 2Qd 

— sulphite, I. 6416 

— sulphydrate, I. 640c, d 

— tetrasulphide, I. 641a 

— tetroxide, I. 634a 

— thiocarbonate, I. 6416 

— thiosulphate, I. 6426 

— titanate, I, 645a . 

— trimetaphosphate, II. 6436 

— trisulphide, I. 641a 
Barker electrolytic cell. III. 

Qld 

“ Barkite," I, 645a 
Barley, I, 6456 ; IV, .596d 
— , pearl, I. 6456 
Barm, II, 18d 

Barrels, glue-lined, for tinpen- 
tine, I, 250a 

Barreswil’s solution, I. 648(Z 
Barwood, I. 6506 ; II. 260c ; 
IV. 126c 

Barylite, I. 650d, 6856 
Baryta, I, 631a, 6326 

— in respirators. III. 20c 
Baryte or barytes, I. 6316, 

6416, 651a 

Barytes in plastics, II. 4766 

Bar^ocalcite, I. 631d 

Bar^o-celestite, I. 6316 

Basalt, I. 651d 

Basanite, I. 652a 

Basanti, II. 439d 

Base, definition, VI. 248a, 249a 

exchange reactions, VI. 

2186, 219a 

Bases, strength, VI. 248d 
Basil, essential oil, I. 652c 
Basle electrolytic cell. III, 546 
“ Basogrelit” III. 03d 
Bassia fats, I. 652d 
■ — Mahwa or Mowrah flowers, I, 
6556 

Bassia spp., I. 653a, 6556 ; II. 
168d 


Bassia tallow, I. 053a 
Bassisterol, I. 653d 
Bassorin, VI. 1566 
Basswood oil, I. 655c 
Bast, II. 4616 
Bastnasite, I. 655d 
Batatas, B. edulsis, 1. 655d 
Bat-guano, V. 64a 
Bath brick, I. 656c 

— stone, V. 329a 
Bauxite, I, 264c, 656c 

— for alumina production, I. 

265d 

— , refining agent for oil, I, 6576 
Bavenite, I, 658a 
Bay, essential oil, I. 6586 
Bayer acid, I. 658c 
Bayerite, I. 2846 
Bdellium, I. 658c 
Beam dyeing, IV. 130c 
Bean, I. 658d 

— oil (see also Soya bean oil), I. 

660a 

— , ordeal, II. 198d 

Beans, adsuki or adzuki, I. 

1556, 658d 
— , broad, I. 658d 
— , French, I. 659a 
— , ^am, I. 650a 
— , jack, I. 659a 
— , kidney, I. 659a 
— , Lima, I. 659a 
— , locust, I. 858d 
— , Mxmg, I. 659c 
— , “ Shell,” I. 659a 
— , “ Snap,” I. 659a 
— , soja, soy, soya, I. 659c 
— , velvet, I. 659c 
Bearberry leaves, I. 6606 
Bearing metal, I. 446o 
Bebeerine, d-, I- and r-, 1. 660c ; 
II. 182a 

/-Bebeerine in curare. III. 459d 
Bebe oil, VI. 5106 
Beckelite, I. 661a 
Beckerite, I. 302c 
Beckmann's freezing - point j 
method. III. 442a 
Becquerelite, I. 6616 
Bedeguar, V. 426c 
Beech-nut oil, I. 661c 
Beech tar, I. 6616 
Beer analysis, Plato factor in, 
II. 104a 

Beeswax in candles, II. 2636 

chocolate, tests for, II. 

187a 

Beet, I. 661c 
“Beetle" plastics, I. 6626 
Beetling textiles, II. 461c ; V. 
188d 

Beet slices as feeding stuff, IV. 
596c 

— “ tops,” IV. 596d 
Begass, I. 585d 
Behenic acid, I. 662d 

in rice, II. 4946 

Behenolic acid, oxidation, II. 

676 

Beidellite, I. 663a, III. 196o 
Belite, II. 1416 
Belladonna, belladonnine, I. 
6636 

— , physiological effect, II. 198d 
“ Bellite," I. 6636 ; IV. 465c 
Bell jar (Aussig) cell. III. 526 

— metal, I. 6636 
Beluga leaf, II. 102a 
Bengal kino, II. 157d 

— lights, I. 6636 


Benitoite, I. 663c 
Ben oil, I. 663c 
Bentonite, I. 663d ; III. I96a ; 
IV. 247a 

“ Benzacetin" I. 664a 
Benzaconine, I. 121d 
Benzal chloride, I. 664a 
Benzaldehyde, I. 664a 
— , compoimds with sugars, II. 
290a 

— ethylacetal, I. 376 

— from benzal chloride, 1. 1946, 

6646 

toluene, II. 428a 

— in cherry-laurel oil. III. 

26a 

sugar separations, II. 

293c 


— , p-nitro-, II. 293c 
— , substitution derivs., I. 655d 
Benzal diacetate, I. 38d 
Benzalmalonic acid, I. 196c 
Benzamine, IV. 3896 

— hydrochloride, I. 667a 
Benzanthracene, carcinogenic 

action, II. 378d 
Benzanthrone, I. 206a, 3886, 
409d 

Benzanthronequinoline, I. 
413d 

m-Benzdioxyanthraquinone, 
I. 212d, 222a 
“Benzedrine," IV. 318a 
Benzene and homologues, I. 
667a 

, detection, I. 675a 

2 - azo - 4 - nitrophenol, p - 

bromo-. III. 597a 

— - azo - phenyl - 2 - naphthyl - 

amine, I. 5666 

— -p-bisdiazonium chloride. III- 

581d 

— , bromo-, carcinogenic com- 
pounds from, II. 378c 
— , carbon disulphide’ in, II> 
3386 

— , chloro-derivs., I. 677c 
— , — , in frunigants, II. 344a 
— , — , — phenol prepn., II. 
3056 



— , — warfare. III. 10c 
— , prepn.. III. 11a • 
detection in air, I. 6756 ; 


II. 


682a _ _ 

— , detn., colorimetric, I. 6/66; 
II. 677d 


— , — in air, II. 677d, 082a 

Benzenediazoaminoazoben- 


zene. III. 596c 
Benzenediazonium, III- 590c 

— -o-carboxylate. III. 593a 

— chloride. III. 5816 

— hydroxide. III. 590c 

— nitrate, III. 5816 

— sulphate. III. 5816_ 

— p-sulphonate. III. 592d 
Benzenediazo-oxide, potass- 
ium, labile and stable. III- 


597c 

Benzenediazosulphonates, 

syn- and anti-. III. 598d 
Benzene, o-dibromo-, conver- 
sion-into catechol, II. 430c 
— dicarboxylic acids, phos- 
phors, II. 2246 

— , o-dichloro-, catechol from, 
II. 4306 


■> 




o-dihydroxy-, II. 429c 
dinitro-derivs., I. 677a 
— , for explosives, IV. 40o6 
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Benzene from plienol, II. 3065 
— , hexa-amino-, I. 316^ 

— , liexacliloro-, II. 3216 
— , liexahydroxy-, VI. 2256 
■ — hydrocarbons from acety- 
lenes, I. 86c 

■ — ■ in petroleum, I. 466d 
— , nitro-, for explosives, IV. 
4656 

— , — , in fumigants, II. 344a 
— , — , prepn., I. 675c 
■ — , oxidation, II. 428a 
— , penta-amino, I. 3I6c 
Benzenes, tetra-amino-, I. 316c 
— , triamino-, I. 316c 
Benzene sulphonhydrazide, 
luminescence. III. 23d 
toluene mixtures, separa- 
tion by distillation, IV. 
41d, 49a 

— , trinitro-derivs., I. 677c 
— , ■ — ■, explosive, IV. 465d 
— , trinitrotriazido-, IV. 543a 

— vapour, detection and detn., 

I. 6756 ; II. 682a 

water mixtures, distillation, 

IV. 37a 

Benzbydrazide, VI. 300a 
— , o- and p-cbloro-, I. 1976 
— , luminescence. III. 23d 
— , p-nitro-, and ?n-nitro-, I. 
197a, 6 

“ Benzidam,” I. 372c 
Benzidine, I. 678d ; IV. 11c 
— , 3:3'-dicbloro-, IV. 12c 
— , 3:3'-dimetboxy-, IV. 12d 

2;2'-disulphonic acid, IV. 

12c 

— -3:3'-disulpbonic acid, IV. 

12c 

— , 3-ethoxy-, IV. 12d 
— , 3-nitro-, IV. 12c 
--- rearrangement, IV. 11c 

— sulpbone disulpbonic acid, 

IV. 12d 

— -3-sulphonic acid, IV. 12c 
Benzil, I. 678d 
BenzUic acid, II. 3636 

change, II. 3636 

Benziminazoles, I. 315c 
Benzine hone grease, VI. 23d 
“ Benzinoform" I. 678d 
Benzoates, qualitative re- 
actions, II. 5706 

“ Benzocaine,” I. 3666, 678d 
Benzoflavine, 1. 1326 
Benzoglyoxalines, I. 315c 
Benzoic acid, I. 678d 

, p - amino- -, p - diethyl - 

aminoethyl ester, hydro- 
chloride, I. Ic 

, , ethyl ester, I. 3666 

derivs. in food, detection, 

V. 3016 

, esters, I. 680c 

, p -hydroxy-, oxidation, 

II. 439a 

in butter, II. 168a 

food, detection and 

detn., V. 300d 

, o - iodoxy -, ammonium 

salt, I. 305a 

production, II. 428a 

, qualitative reactions, II. 

5706 

, salts, I. 680c 

— acids, hvdroxy-, from phenol, 

II. 307a 

— acid, substitution derivs., I. 

680d 


Benzoic acid, 3:4:5-trihydroxy-, 

V. 417a 

— anhydride, I. 681c 
Benzoin, I. 140d, 1966, 6826 

— oleum, I. 667a 

— , Palembang, Penang, Siam, 
and Sumatra, I. 616a 
Benzole as motor fuel, I. 674a 
Benzol or benzole (see also Ben- 
zene), I. 667a 

— recovery by active charcoal, 

III. 270d 

— refining by silica gel. III. 

267d 

Benzols from coke-oven gas, 
III. 266a 

Benzol specification, II. 4726 
Benzonaphthol, I. 6826 
Benzophenone, I. 682c 
— , 2:3:4-trihydroxy-, I. 207a 
Benzo-y-p^one, III. 115c 
Benzoqniinone, pigments from, 
II. 2806 

“ Benzosalin,” I. 682c 
“ Benzosol,” I. 682c ; VI. 140c 
Benzotriazoles, I. 315d 
Benzotrichloride, I. 682c 
Benzoyl chloride, I. 682a 

— peroxide, II. 373a 

in flom-, II. 81a 

Benzpyrene, carcinogenic 

activity, II. 379a 
Benzyl acetate, I. 682c 
Benzylamine in vulcanisation, 
II. 343c 

Benzylaniline, I. 3086 
Benzsrl benzoate, I. 682c 
in lacquers, II. 479a 

— bromide, prepn.. III. lOd 

— butyl phthalate in lacquers, 

II. 472c 

— cellulose in plastics, II. 477d 
lacquers, II. 478c 

— chloride, prepn.. III. lOd 

— cyanide, bromo-, in warfare, 

III. 9a, lOd 

Benzyldiazo-oxide, potass- 
ium, III. 6006 
Benzyl esters, I. 682c 
Benzylfsoeugenol, IV. 399(Z 
Benzylgnaiacol, VI. 141c 
Benzylideneacetone, I. 196a, 
682c 

Benzylideneacetophenone, II. 
518c 

Benzylideneeiniline, I. 3086 
Benzylidene chloride, I. 664a 
Benzyl iodide, prepn.. III. lOd 
Benzylphenylliydrazine, VI. 
301c 

Benzylphenylliydrazones of 
sugars, II. 293a 
Berbctmine, VI. 496c 
Berberine, I. 619d, 682d 
Berberis vulgaris, B. spp., I. 

619d, 620d, 682d 
Berberry, I. 619(7 
Bergamot, essential oil, 1. 683f7 
Bergapten, I. 684a, 6 ; V. 171a 
Bergblau, II. 25c 
Berger process (Aluminium), 

I. 268c 

Bergmann and Junk lest, IV. 

Bergmebl, III. 579a 
Beri-beri, I. 6836 
Berl's extractor, IV. 589c 
Bertbierite, I. 439d 
Bertram-Walbanm, reagent, 

II. 237c, 2550 


Bertrandite, I. 6846 
Beryl, I. 264(7, 684c ; VI. 13c 
— , artificial, V. 513a 
Beryllium acetate, basic and 
normal, VI. 206 
■ — acetylide, VI. 19d 

— alloys, VI. 156 

— ahuninate. III. 119c 

aluminium group, qualita- 
tive separation, II. 557c 

— and hydrogen, VI. 15c 

— arsenate, VI. 19c 

— bromide, VI. 176 

— bronze. III., 3536 

— carbide, II. 218c ; VI. 19(7 

— carbonate, VI. 20a 

— chloride, VI. 16c 

— , detn., gravimetric, II. 5876 
■ — ■, — , volimietric, II. 653c 
— , drop reaction, II. 580a 
— , electrolytic, prepn., VI. 14(7 
- — •, emission spectrum. VI. 14(7 

— fluoride, VI. 16a 

— hydroxide, VI. 15(7 

— iodide, and ammines, VI. 

176, c 

— nitrate, VI. 19a 

— nitride, VI. 18(7 

— organometallic compounds, 

VI. 20(7 

— oxide, VI. 15c 

— - — , mineral, II. 106c 

— perclilorate, VI. 176 

— periodate, VI. 17c 

— phosphates, VI. 196 

— phosphide, VI. 196 

— , qualitative reactions, II. 
5556, 556d, 566(7 

— selenate, VI. 18(7 

— selenide, VI. 18c 

— selenite, VI. 18c 

— sulphate and derivs., VI. 18a 

— sulphide, VI. 17c 

— sulphite, VI. 17c 

— , tellurium compounds, VI. 
18(7 

Beryllofluorides, VI. 166 
Beryllonite, I. 6856 ; VI. 13c 
Berzeliauite, I. 685c 
Berzeliite, I. 685c 
“ Betacaine," I. 667a ; II. 346 
Betafite, I. 685c ; II. 19c 
“ Belaform,” I. 685(7 
Betaine hydrochloride, I. 1206 

— in cabbage, II. 182(7 

— — ergot, 331(7 
Betaines, I. 685(7 
Beta maritima, I. 601c 
Betanidin, I. 6876 
Betanin, I. 381(7, 687c 
Beta vulgaris, I. 001c, 6876 
Betel leaves, I. 687c 

— nut, I. 458a 
Betitol, I. 687c 
“Be7o7,” I. 687c; IV. 29(7 
Betonicine, I. 680c 
Bettendorff’s test, I. 471(7 
Betterton process, II. 2046 
Betula spp., fatty oil, I. 055c 
Betulin, I. 687c 
a77oBetulin, I. 687(7 
Betulol, I. 687c 
Betulolic acid, I. 088a 
“Bexoid,” IT. 480a 
Bezetta, I. 688a 
Bezoar, I. 688a 

— stones, oriental, IV. 270d 
Bhang, I. 6886 

Bicarbonates, qualitative re- 
actions, II. 509c 
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Bicarburetted livdrogen, IV. 
372i:» 

Bicberoux glass rolling iiro- 
cess, V. 593c 

“ Bichromate ” or “ bi- 
chrome,” III. 110c 
Bickford’s safety fxise, IV. 
450c 

Bicuculline, I. 1455 
Bicxxhyba fat, I. 6886 
Bieber’s reagent, I. 260c 
Bigitalin um cryslallisalum, II. 
384c 

Bignonia cJiica, B. Iccorna, I. 

6886 ; II. 275c 
Bigiiaidde, VI. 143d 
Bikbaconitine, I. 1236 
Bilberry, I. 688c 
Bile, I. 689a 
■ — acids, I. 6896 
, relation to cholesterol, 

III. 896 

— mucin, I. 690a 

— pigments, I. 690d 

— salts, I. 689c 
Bilicyanin, I. 200c 
Biliposol, I. 692a 
Bbirubic acid, I. 6916, d 
neoBilirubic acid, I. 6916, d 
Bilirubin, I. 200c, 089a, 090d, 

691a 

BiHval, I. 692a 
Biliverdin, I. 689a, 090d 
Billiter-Leykam electrolytic 
cell, m. 53a 
Bilobal, V. 538a 
Bios (see also Growth-promot- 
ing-factor), I. 692a ; VI. 
138d 

— in brewing yeast, II. 98c 
” Bios I ” II. 98c ; VI. 495c 
Biotin, VI. 139a 
Bircb-bark oil, I. 6926 
tar oil, I. 692o 

— , white, oil, I. 692c 
Bird lime, I. 692c 
“ Birmabright," I. 253a, 277c 
” Birmasil," I. 253a, 277c 
” Birmidium,” I. 277a 
Birotation of glucose, II. 285c 
Bisabolene, a-, and y-, I. 
693a 

— in carrot seed oil, II. 4046 

— trihydrocbloride, I. 693c ; 

IV. 591c 

Bisabolol, I. 6936 
Bisacridonyl. I. 1306 
“ Bisciniod,” I. 693d 
” Biscoclaurine alkaloids,” II, 
4816 ; III. 230c ; VI. 496c 
Biscuit (ceramics), VI. 2c 
Bisdiazoamino-comp ounds , 
aromatic and mixed ali- 
phatic-aromatic-, III. 598d 
Bisdaazonium salts. III. 581d 
‘ ” Bismal," I. 700d 
“ Bismarsen,” I. 694a 
Bismite, I. 694a 
Bismoclite, I. 694a 
” Bismo-cymol,” I. 694a 
" Bismogenol,” I. 694a 
“ Bismoid” I. 694a 
Bismuth, I. 6946 

— alloys with cadmimn, lead, 

and tin, I. 698a 

— barley, I. 694d_ 

— carbonate, basic, I. 699d 

— chloride, basic, as cosmetic, 

II. 3a 

— chromate, III. I13c 


Bismuth chrysophanate, I. 
701a 

— , detn., assay, I. 522c 
— , — , colorimetric, II. 0706 
j '} clGctrodGpo^iti'ioii xuct/liod* 
II. 7006 

— , — , gravimetric, II. 600d 

— dibromohydroxynaphthoate, 

basic, I. 70Ia 
— , drop reaction, II. 580a 

— extraction by wet methods, 

I. 0966 

— from argentiferous lead, I. 

095d 

flue dust, I. 695c 

— gallate, basic, I. 700d ; III. 

558d 

hydroxviodogallate, I.‘ 

700a 

— -glance. I. 703a 

— hydride, I. 6996 ; VI. 305a 

— hydroxide, I. C04a, 099c 

— in anode slimes, I. 095c 

candle wicks, II. 205a 

Bismutbine dihalides, I. 701c 
Bismuthines, arylhalogen-, I. 

701c 

— , trialkyl-, I. 7016 
— , triaryl-, I. 7016 
Bismuthinite, I. 703a 
Bismuth in metals and alloys, 
effect of, I. 098d 

— iodide, I. 7006 

— lactate, I. 700c 

— liquation, I. 694fZ 

— ^-naphtholate, I. 701a 

— nitrate, I. 699d 

, compoimds with sugars, 

I. 702d 

ochre, I. 694a 

Bismutboidol ” Kobin,” I. 
7036 

Bismuth, organo-compounds, 

I. 701 

— oxide in catalyst for HIsOg 

production, II. 424c 

— oxychloride, I. 7006 

— oxyiodogallate, I. 171d 

— , pharmaceutical quah’ty, I. 
696c 

— , phosphorescence in calcium 
sulphide, II. 230a 
— , properties and uses, I. 6976 
— , pm^cation of metalh'c. I. 
696c 

— pyrogallate, I. 701a 

— , qualitative reactions, II. 
5516, 573c 

— , , rare metals present, 

II. 554d, 556d 

— salicylate, I. 700c 

— smelting, I. 695a 

— sodium gluconate, I. 692a 

— sulphite, I. 7006 

— tribromophenolate, I. 701a 

— wire in physics, I. 698a 
Bismuthyl salts of organic 

acids, I. 702c 
Bismutite, I. 7036 
” Bismtdose,” I. 7036 
Bismutotantalite, I. 7036 
“ Bisocol” I. 7036 
“ Bistovol” I. 4890 
Bistre, I. 703c 
“ Bis-trypaflaviu,” I. 130tZ 
Bisulphite pulp, II. 461c 
Bitter apple. III. 294a 
Bittern, I. 703c 
Bitter-sweet, I. 703c 
wood, I. 703c 


Bitumen, I. 516d 

— emulsions, IV. 3026 
Bituminous coatings. III. SOod 
Bixa oreUana, I. 378a 

Bixa seed, I. 378a 
Bixin, I, 3786 ; 11. 4016 

— dialdehyde, II. 3996 

— , similarity to nyctanthin, II. 
440a 

Black, Acetylene, I. SGd, 96c; 
II. 312d 

— , Acid Alizarin, SB, I, 207a 
— , Alizarin Cyanine, G, I. 

2286, 393a 

, F, SRA, I. 207a 

, P, I. 2296, 397a 

, S, I. 206d 

— , Aniline, I. 376c, 579c ; II. 

509c ; IV. 127c 
Blackarm, V. 139a 
Black ash, II. la 

— -band iron-stone, II. 519d 
Blackberries, II. la 
Blackboy gum, I. 618a 
Black, Brilliant Alizarin, 1. 2064 
— , Brunswick, II. 30a, 1196 
— , Caledon, 2BM, NB, I. 424c 
— , — Direct, AC, I. 424c 

— , Carbon, I. 77a ; II. 3126 
— , — , specification, II. 4736 

— Catechu, I. 11c 

— chalk, II. 16 

— , Cibanone. B, I. 423c 

— cores, in ceramics, III. 1986 

— diamond, II. 3504 

— , Dispersol Diazo, AS, I. 41a 
— , eupittone, W. 401c 

— flux, II. 16 
— , Gas, II. 3126 

— grease, II. Ic 

— haw, II. Ic' 

— hellebore, II. Ic, 3876 ; VI- 

200a 

— , Indanthrene Direct, G, KB 
and RR, I. 424c 
Blacking, II. Id 
Black, lonamine, AS., I. 406 
— , Ivory, II. Slid 

jack, II. 2c?, 19a 

— , Lamp, III. 423c 

— lead, II. 2£?, 3096, d, 313c7 

— liquor, I. 55a ; II. 2t? 

— , Paradone Direct, I. 424c 
— , — , (H.), I. 424c 

— powder, II. 2a 
Blacks, Acid, IV. 2086, 2106 
— , Anthrone, I. 424c 
Blackstrap, II. 2d 
Black, Thermatomic, II. 3126 

- -tin, II. 419c 
Blanc de fard, I. 700a 
perle, see White, Pearl. 

— d’Espagne, I. 700a 

— fixe, I. 642a, Bold ; II. 3a 
in plastics, II. 4766 

- process, I. 268c 

Blanc rule,” II. 374a . 

“ Blankit ” (sodimn dithionite), 

II. 3a 

Blanquette, II. 3a 
Blast-furnace gas, II. 345a ; 

V. 3766 

— fmaiaces, action of carbOT 
monoxide in, II. 351a ; V. 
3766 

“ Blastine," 464d 
Blasting gelatine, II. 3a ; I v • 
241d 

Bleaching, II. 3c ; V. l^c 

— agents, perborates m, II. oM 
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Bleaching earths, IV. 2486 

— of flour, II. 816 
silk, II. 186 

■ — powder, II. 6a, 19a ; III. 

3G(Z, 60a ' , 

Bleach liquor. III. 626 
“ Blenal," II. 19a 
Blende, II. 19a 
Bleu celeste, II. 25a ; III. 219a 

— d’azur, II. 19a ; III. 219c 

— de saxe, II. 19a ; III. 219c 
Blind coal, II. 19a 
Blister steel, IT. 19a 
Bloedite, II. 196 
Blomstrandine, II. 196 
Blomstrandite, I. 685c ; II. 

19c 

Blood {see also Hfemin), II. 19c 
— , action of carbon monoxide 
on, II. 3516 ; VI. 166a 

— anticoagulants, II. 246 

— cements, I. 143a 

— coagulation, II. 22c - 
— , defibrination, II. 246 
— , dried, fertiliser, V. 666 

— glycolysis and clotting, II. 

22d 

meal, II. 21d 

Bloodstone, II. 25a 
Blood sugar in diabetes, VI. 
496d 

— , test fori carbon monoxide, 

II. 682d 
Bloom, II. 25a 

— of varnish Aims, IV. 83a 
Blower, laboratory, I. 6 lid 

“ Blow ” in water gas manu- 
facture, V. 489c 
Blown oils, II. 25a ; IV. 90d 
Blue, Acetylene, Pure and Sky, 
1. 96c 

— , Acid Alizarin, I. 206a 
— , — Alizarin, BB, I. 2306 

— , , GB, I. 2056, 2306, 

393a, 405a 

— , Alizanthrene Navy, I. 424d 
— , Alizarin, I. 205a, 20Ga, 228d, 
413d 

— , — , ABS, I. 229a 
— , — Brilliant Pure, R, I. 2326 
— , — Direct, I. 231c 

— , , A,' B, I. 4076, 4066 

— , — Indigo, I. 2056 

— , , S, I. 2296- 

— , — Marine, RG., I. 2326 y 
— , — OCS, RBN, 1. 207a 
— , — Pure, B, I. 231d, 397c 
— , ■ — •, RR, I. 397a 
• — , — Sky, I. 200a, 231d 

— , , B, I. 405d 

— , Alkali, I. 2336 
— , .Anthracene, I. 2056, 213a, 
227c 

— , — , SWX, WR, I. 206a, 
2306, 391d, 392a 
— , Anthraquinone, SR, I. 232a, 
6, 397d, 405c 

— , Antwerp, I. 449c ; II. 25c 

— ashes, II. 25c 

— , Azure, I. 583c ; II. 256 ; 

III. 218c 

— , Basle, I. 576a 
— , Berlin, II. 25c 

— billy, III. 349d 

— Black, Alizarin, I. 200a 
Alizarin, B, 3B, I. 404d, 

231d 

, Alizurol, I. 281d 

— , Blackley, II. 2d 
— . Bremen, II. 25c 
VoL. W.— 34 


Blue, Bronze, II. 25c ; III. 4736 
— , Caledon, brands, I. 414d 
— , — Brilliant, 3G, RN, I. 
415a, 429c 

— , — Dark, BM, G, 2B, I, 
424c, 425c 
— , Capri, II. 2716 
— , Carbazole, II. 2796 
— , Celestine, II. 442c 
— , Cerulean, II. 25a 
— , Chinese, II. 25c ; III. 33a 
— , Cibanone, G, 3G, RA, I. 
423c, 424d 

— , cobalt, I. 583c ; II. 25a ; 
III. 218c 

— , Cyanine, III. 514c 
— , Durindone, 4BC, VI. 452c 
— , Egyptian, IV. 257c 
— , Erweco Alizarin Acid, R, 
I. 230d 

— , Eserine, II. 199c 
— , Fluorescent, V. 272d 
— , Gallamine, I. 5696 
— , Gas, III. 4736 

— Green, Celliton, B, I. 42d 
, Indanthrene, FFB, I. 

423c 

Bluegroimd rock. III. 575c 
Blue gum tree, II. 256 
— , Hydron, II. 2806 
— , — R, VI. 418c 
— , Indanthrene, BCS, RK, 
I. 415a, 6 

— , — , 5G, R, I. 400d, 4156 : 
394d, 566d 

— , — , 3GT and R, I. 400c 
— , Indoine, I. 570c 
— , Janus, G, I. '5706 

— John, II. 256, 215a; V. 

283a, 284a 

— , King’s, II. 256 ;• II. 218c 

— lead, II. 256 

— , 'Leitch’s, III. 514c 
— , Leyden, II. 256 
— , Lime, II. 25c, 86o 
— , Manganese, II. 25c 
— , Marine, I. 227c 
— , Matt, III. 218d 
— , Methylene, adsorption by 
rice protein, II. 502d 
— , Mineral, III. 4736 
— , Monastral, and Chrome Yel- 
low, III. 112d 

— , — Past, BS, I. V ; III. 

333a ; VI. 4296 
— , Monthier’s, III. 472d, 4736 
— , Mountain, II. 25c ; III. 26c 
— , a-Naphthol, VI. 4186 
— , Neutral, I. 575d 
— , New, III. 219a 
— , Nicholson’s, I. 2336 
— , Novazol Acid, I. 578a 
— , Paris, II. 25c ; III. 4736, c 
— , Pinachrome, III. 516c 
— , Prussian, II. 25c ; III. 472c, d 
— , — , in Brunswick Green, II. 
119c 

— , — , in celluloid, II. 4446 
— , — , insoluble, III. 472d 
— , — , soluble. III. 472c 
— , Quinaldine, III. 510c 
— , Quinizarin, I. 231c 
— , Quinoline, III. 515a- 
— , Rinman’s III. 219a 
Blues, Acid, 1. 120a 
Blue, Saxon, II. 25c 
Blues, Brilliant, I. 415a 
— , lonamine, I. 205c 
— , — Pure, R, G, I..40c 
Blue, Soluble, II. 25c 


Blue, Solway, I. 230c 
— , — , B, I. 4036, 405a ' 

— , — , R, I. 4006 
— , — Sky, B, I. 405d 
— , — , Ultra, B, I. 4076 
Blues, Polar, I. 578a 
— , Soledon, I. 4296 
Blue, Steel, III. 4736 

— stone, II. 25a 
Blues, Wool Fast, I. 577d 
Blue, Thenard’s, I. 583c ; II. 

25a ; III. 218c 
— , Thionol, VI. 418a , 

— , Toluylene,. I. 569a ; VI. 
467c 

— , Turnbull’s, III. 471d, 473a 
— , — , insoluble. III. 473a 
— , Ultramarine, in lacquers, II. 
4736 

— Verditer, II. 25c 

— vitriol, III. 3576 

— , Williamson’s, III. 4736 
Blushing of collodion, II. 468d 
Blutmehl, II. 21d 
Blutwurst, II. 21c 
Boart, or bort, T. 3d ; II. 309d ; 
III. 574d 

Bohbinite, IV. 463a, 553c 
Bobbin spinning, V. 1176, 120d, 
121a 

Bodenite, II. 512a 
Boehmite, Bohmite, I. 2846, 
-II. 25c ; VI. 1016 
Boer manna, II. 482d 
Bog-butter, II. 25d 
Bog-iron-ore, II. 26a 

for purifying coal 

gas, V. 461d 

— manganese, II. 26a 
“ Bohnalite,” I. 253a 
Bobn-Scbmidt reaction, I. 

2056, 213c 

“ Boiled Keene’s ” plaster, II. 
131a 

Boiled oils, IV. Ola 
Boiling pt., detn., micro- 
method, II. 6846 
Boldin, II. 266 
Boldine, II. 266 
Boldoglucin, II. 266 
Boldo leaves, II. 266 
Bole, Bohemian, II. 206 
— , mineral, II. 206 
Bolognan stone, II. 26c 
“ Bolognian phosphorus,” I. 
040c 

Boloretin, II. 26d 
Bombicesterol, II. 26d 
Bombonnes, bonbonnes. III. 
75c 

Bombycetin, V. 876 
Bombycin, V. 876 
Bombyx mori, II. 20d ; IV. 
123d ; V. 8Ga 

— spp., V. 86o 

“ Bonderising,” protection of 
metals. III. 393a 
Bone, II. 2Gd 

— ash, II. 286 ; V. 07a 

— black, I. 152d II. 286, 311c 

— char, II. 311c 

— earth, II. 286 

— fat, 11. 286; VI. 236 

, extraction, II. 28c ; VI. 

236 

— fats in candles, II. 263d 

— oil, II. 28a, 29c 
, fatty, II. 20c 

Bones, dissolved, fertiliser, V. 
60d, 736 
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Bones, fertiliser, V. OCtZ 
— , vitriolised, Y. 73b 
Bone-Wlieeler apparatus, II. 
676c 

Bonne cliaulle, II. 63d 
Bononian stone, II. 26c 
Booster (explosive), IV. 485a 
Boothite, III. 3576 
Boracic acid {see also Boric 
acid ; Boron), II. 356, 46d 

— or boric acid preservative, 

V. 303a 

Boracite, II, 306, 356, 48d 
Boraginse, VI. 1916 
“ Boral," II. 30c 
Boramide, II, 43c 
Boranes, II. 40d 
• Borate, copper, II, 48c 
— , hexamethylenetetramine, 

II, 53c 

— , magnesium chloro-, II. 48d 
— , manganese, II. 48d 
Borates, ammonium, II. 486 
— , barium, II, 486 
— , calcium, II. 48c 
— , detection, sec Boric acid ; 
Boron. 

— , lead, II. 48c 
— , metallic, II. 47d 
— , potassium, II. 48d 
— , sodium, II. 48d 
Borax, II. 48d 

— and boric acid, industrial 

uses, II. 50d 

— beads, II. 5486 

— for glassmaking, V. 559 q!, 

561o 

— in cements and plaster, II. 

131d 

— , mineral, II. 30c 
Borax mta, II, 49d 
Bordeaux, Algol, 3B, I. 4206 
— , Alizarin, I. 206a, 213a, 2266 
— , — Brilliant, R, I, 212d, 224c 
“ Bordeaux ” dyes, I, 226c 
Bordeaux, Indanthrene, B 
extra, I, 420a, 4206 

— mixture, II. 30d 

Boric acid (see also Boron), II. 
356, 46d 

, antiseptic properties, II. 

47c ; V. 303a, 3066 

, catalyst for acetic acid 

production, II. 350d 
in anthraquinone re- 
actions, I. 205c, 213c 

, complex compounds, II. 

47d 

, detection and detn., V. 

303c 

in butter, II. 167d 

food, detection and 

detn., V. 303c 

^ape juice, VI. 129a 

industry, II. 51a 

“ Boric acid phosphors,” II, 
46d 

Boric anhydride, I. 50c ; II. 
46a 

— oxide, II. ,46a 

for glassmaking, V. 559d 

Boride, chromium, III. 1106 
Borides, metallic, II. 446 
— , rare earth, II. 44c 
Borimide, II, 43c 
Borneo - camplior or d ~ 
borneol, II. 30d 
— Illipe nu'te, II. Sid 
Borneol, amino-, II. 2456 

— and fsoborneol, II. 30d 
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Borneol and fsoborneol, techni- 
cal oxidation to camphor, 
II. 2566 

— carboxylic acid, II. 243a 
— , dehydration, II. 23Sd, 427d 

— from bornyl chloride, II, 

252d 

— in camphor oil, II. 2496. 
castor, II. 419d 

— , occurrence, I. Ic ; III. 183c 

— oil, II. 256a 

Borneols from camphor, II; 
2426 

Borneol, synthetic, II. 240d 
isoBomeol, II. 30d, 237c, 256a 
— , synthetic camphor from, II. 
2566 

Borneo tallow, II. 31c 

in cacao butter, II. 187c 

— ^ chocolate. III. 886 

Bornesitol, II. 32c 
Bornite, II. 32c, 517d III. 
341c 

Bornyl acetate, occurrence, I. 
Ic 

, oxidation, II. 31c 

Bornylamine, conversion into 
camphene, II, 238d 
— , formation, II. 243d 
neoBornylamine, formation, 
II. 243d 

isoBornylaniline, II. 258c 
Bornyl a-bromisovalerate, II, 
119a 

— chloride and -isobornyl 

chloride, II. 32d, 250c 
, conversion into cam- 
phene, II,‘33c, 237c, 252c 

from pinene, II. 336, 250c 

, hydrolysis, II, 252d 

, isomerisation, II. 254a 

— dibromodihydrocinnamate, 

I. 141a 

Bornylene, II. 33c 
apoBornylene, II. 34a, 240c 
d-Bomylene - 3 - carboxylic 
acid, azide, IV. 318c 

3-hydroxamic acid, IV. 318d 

Bornylene nitrosite, II. 33c 
Bornyl fsovaleroylglycollate, 

II. 346 

“ Bornyval ” and “ Bornyval, 
Netv,” II. 346 
neoBornyyal, II. 346 
Boroacetic acid in esteridca- 
tion of pinene, II. 258a 
“ Borocaines," I. 3696 ; II. 346 
Borocalcite, II. ,356 
“ Borocarbon,” II. 346 
“ Borocarbone.” I. 4a 
Boroetbyl, IV. 356d 
Boro-g-lycerine, II. 34c 
Boron (see also Boric acid), II. 
34c 

— arsenate, II. 46c 

— as trace element, I. 505a ; 

II. 35a 

Boronatrocalcite, II, 356 
Boron carbides, I. 4a ; II, 44c, 
281a 

“ Boron, crystalline,” II. 366 
Boron, detection, II. 526, 167d, 
547d, 567d, 581d ; V, 303c 
— , detn. II. 526, 6456, 653d ; 
V. 303c 

— , — , gravimetric, II. 591d 
— , drop reactions, II. 526, d, 
581d j 

— hydrides, II- 40d ' | 

— hydronitride, II. 436 


Boron hydrosulphide, II. 456 

— isotopes, II. 37c 

— monoxide, II. 45c 

— nitride, formation, II. 38a 

, phosphorescent, II. 43a 

, prepn., II. 43a 

— oxides, II, 456 

— phosphate, II. 46c 
— , radioactive, II. 37d 

— silicides, I. '4a ; II, 456 

— suboxides, II. 456 

— sulphide, II. 456 

- — tribromide, II. 44a 

— trichloride, II. 43d 

— trifluoride, II. 43c 

as alkylating agent, VI 

259c 

— tri-iodide, II. 44a 

— trioxide, II. 46a 
Borosalicylate, ethyl, II. 53c 
— , sodium, II. 53c 

" Borovertin,” II. 53c 
“ Borsalyl," IT. 53c ; IV. 29a 
Bort, I. 3d; II. 309d ; III. 

574d, 5786 
“Boryl,” II. 53c 
“ Bosa,” II. 53c, 488c 
Bosch, II. 53c 
“ Bostonite,” II. 53c 
Boswellinic acid, II. 53c 
Botany Bay gum, I. 618a 
Botryolite, II. 229d 
Bottle gas, V. 4806 

automobile fuel, V. 481c 

, cal. val., V, 481a 

, liquefied, as solvent, V. 

481c 

— -nose oil, II. 53d 
Bouchardat’s reagent, I. 235c 
Bouillon noir, II. 53d 
Boulangerite, I, 439d ; II. 534 
Bournonite, I. 439d ; II. 534 ; 

III. 341c 
B.O.V., II. 119a 
Bovey coal, II. 53d 
Bowl metal, I. 4426 
Brabender farinograph, II. 786 
Braga, II. 53d 
Braggite, II. 54a 
Bragite, II. 512c 
Brain lipoid, II. 54a 
Bran, II. 54a ; IV. 597a 
Brandevin, II. 62d 
Brandy, II. 62d 
Brandywine, II. 62d 
Branntwein, II. 62d 
Brass, II. 66d 
— , electrodeposition, IV. 2/06 
Brassica nigra, B. campcstris 
II. 2d ; IV. 334c 
Brassidic acid, II. 66d 

, cli-iodo-, esters, II. 6/6 

BrassyUc acid, II. 67a 
Braunite, II. 676 
Brazilein, II. 68d, 73a 
isoBrazilein, II. 736 _ 

I'soBrazileinbromohydrin, li* 
fsoBrazileinchlorohydrin, II. 

736 

IsoBrazilein salt, II. 73a 
Bra2!iletto, II. 67c 
Brazilic acid, II. 69d 
Brazilin, II. 686 
Brazilinic acid, II. 70a 
Brazilin, occurrence, II. 19o6 
Brazilite, I. 5856 ; II. 67c 
Brazil lump, II. 102a 

— nut oil, II. 67c 

— nuts, II. 67c 
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Brazilone, anliydrolrimetliyl-, 
II. 716 

— , deoxytrimethyl-, II. 716 
' — , tricaceiyl-, II. 71a 
Brazilwood, II. 67d 

— extract, B. liquor, II. 746 
Bread, II. 74c 

— fruit, II. 85d 
Breezes, II. 86a 
Brein, IV. 275c 
Breithaujjtite, I. 439d 

“ Brentamines," azoic bases, IV. 
2316 

"Brenthols," IV. 133a, 134a, 
2286, 231a 

Brewing {see also Alcohol ; 
Amylase ; Fermentation, 
alcoholic), II. 8Ga 
Brewster, definition, V. 546c 
Brewsterite, I. 6316 
B.R.I., I. 4906 
Brick oil. III. 423c 
Bricks and clay products, II. 
123c 

— , sand-lime, II. 148f7 
Bridelia bark, B. montana, II., 
1056 

Bright annealing, VI. 334c 
Brightness factor. III. 297a 
Brillouin zones, VI. 283d 
Brimstone, II. 105d 
Brine evaporation in open 
pa'ns, IV. 411c 
Briquettes, V. 3606 
Britannia Metal, I. 445d ; II. 
105d 

British thermal xmit, V. 433d 
Broadfield plant in phosphate 
production, V. 72c 
Broccoli, II. 1826 
Brochantite {see also Patina), 
11.106a; III. 300d 
Brodie's reagent, II. 309d 
Bronner’s acid, II. 118d ; IV. 
_^206d 

Bronsted relation, VI. 252d 
Broggerite, II. 106a 
Bromal, II. 106a 
Bromalammonia, II. 1066 
Bromal diacetate, II. 1066 

— glycolate, II. 1066 
Bromargyrite, II. 107d, 481c 
Bromates, detn., gravimetric, 

II. 6106 

— , — , volumetric, II. 6106, 
6576 

— , qualitative reactions, II. 
577a 

Bromazide, I. 5816. 
Bromhutol, II. 1066 
Bromcarnsdlite, II. 390a 
Bromelia, II. 1066 ; V. 328c 
Bromellite, I. 8S5a ; II. 106c 
“ Brometone," II. 1066, 171d 
Bromic acid, II. 117d 
, detn. and qualitative re- 
actions, sec under Brom- 
ates ; Bromine. 

Bromides, detection and detn., 
sec under Bromine ; Halo- 
gen. 

— , qualitative reactions, II. 

“ Bromidine," IV. 226 
Bromine, II. lOGc 

— as chlorine carrier, II. 3536 

— chloride, II. 1 16d 

— compounds, II. 116c 

— , detection and detn., see also 
under Halogen. 


Bromine, detection of gaseous, 
II. 682a 

— , detn., gravimetric, II. 606d 
— , — in hydrogenation analysis, 
VI. 3626 

— , — , volumetric, II. 653d, 657c 
— , drop reaction, II. 58Id 

— fiuoride, II. 116d 

— , oxidation of aldehydes by, 

II. 3626 

— oxide, II. 116c 

— pentafluoride, II. 117a 

— , qualitative reactions, II. 
576d 

“ Bromine salt,” II. 117d 
Bromine trifluoride, II. 116d 
“ Brominol," 11. 118a 
“ Brominoleum," II. 118a 
“ Bromipin," II. 118a 
Bromite, II. 107d, 1186 
Bromohehenate, II. 1186 
Bromoform, II. 1186 
— , chloro-, II. 1186 
Bromoil photographic prints, 

III. 111a 

“ Bromophin," II. 118c; IV. 
401d 

“ Bromopin,” II. 118a 
Bromoprene, I. 89d ; II. 155d 
Bromostyrol, II. 118d 
Bromsulphthalein, II. 118d 
“ Bromural," II. 118d 
Bromyrite, II. 1186 ' 

Bronze, Cobalt, III. 2196 

— powders, II. 118d 
Bronzite, IV. 311a 
Brookite, I. 370a ; II. 119a • 
Broom corn, II. 482c 
Brosimum galaciodendron, II. 

119a 

Brouillis, II. 63d 
Broussonetia papyrifera, II. 

119a 

“ Brovahl” II. 119a ; IV. 3896 
Brown acid, II. 119a 
— , Alizarin, I. 228a 
— , Anthracene, I. 212d 
— , — , PF, sec Anthragallol. 

— berries, II. 119a 

— , Bismarck, I. 238a ; IV, 
200a, 220tt 
— , Cacao, II. 188a 
— , Caledonj B, I. 422c ; II. 1196 
— , Caledonian, II. 119a 

— Cappagh, II. 119o 
— , Catechu, II. 433c 

— , Cibanone, B, I. 423c ; II. 
119a 

— , Cobalt, III. 219c 

— G.B.B.B., I. 416d ; II. 1196 
— ,' Hatchett’s, III. 471a 

— , Indantlirene, BR and GR, 
I. 4216, d 

— , Indigo, VI. 437a, 438d 

— iron-ore, VI. 101a 
— , Leather, I. 1336 

— oil. III. 245d 

— ore, II. 519d 

red antimony sulphide, I. 

440c 

— -spar, IV. 53d 

— , Vandyke, II. 119a, 4186 
Brucine, II. 1196 
— , nitro-deriv,, II. 188c 
— , occurrence, II. 182a 
Brucite, II. 1196 
Brugdres powder, IV. 4836 
Brunner's salt, II. 1196 
Brushite, II. li9c ! 

Brussels sprouts, II. 119c, 1826 


Bryogenin, II. 119d 
Bryoidin, II. 119c ; IV. 2756 
Bryon, a- and )3-, II. I19d 
Bryonin, II. 119d 
Bryonol, II. 119d 
Bryony root, II. 119c 
B.Th.U. or British thei-mal 
unit, V. 331c, 433d 
Bucco, II. 119d 
Buchu, II. 119d 

— camphor, II. 120c ; IV. 8c 
— , essential oil, II. 120a 
Buckthorn, II. 120c 
Buckwheat, II. 120c 
Bufagin, II. 1206, 388c 
Buffer solutions, II. 1206 ; VI. 

337c 

“ Buffer solution, universal,” 
II. 123a ; VI. 337c 
Buff stone. III. 32c 
Bufotalien, II. 3886 
Bufotalin, II. 388a 
Bufotenidin, II. 388a 
Bufotenine, II. 387d ; VI. 403c 
Bufothionin, II. 388a 
Bufotoxin, II. 388a 
Bugloss, Languedoc, I. 230d 
Buhrstone, I. 46 ; II. 150d 
Building materials, II. 1236 

— stone, II. 137c 
Bulbocapnine, II. 150c 
Bultfonteinite, II. 150c 
Bung-hole boiled oil, IV. 916 
Buntkupfererz, II. 32d 
Bupleurol, II. 150o 
Burgundy pitch, II. 2616 
Burkheiser’s process, I. 3416 
Burmite, I. 302c 
Burning bush, IV. 400c 

— in cement manufacture, II. 

133d 

Burrstone, I. 46 ; II. 150d 
Bmrs, wool, removal, II. 146 
Bush salt, II. 150d 
Buszite, II. 150d 
Butadiene, II. 150d 
— , 2-acetoxy-, I. 886 

— , ^-formyl-zl“y-, I. 896 
ay-Butadiene from acetylene, 

I. 856 

a-butylene, II. 1 776 

catechol, TI. 430c 

Butadienes and polyolefins, II. 

151d 

— , bromo-, I. 89d ; IT. 1546 
— , chloro-, and dichloro-, I. 

89a ; II. 1516 
— , conjugated, II. 151a 
— , non-conjugated, II. 1566 
Butaldehyde, bromo-, prepn., 

II. 169d 

jsoButaldehyde, bromo-, II. 
170d 

Butaldehyde, |3-chloro-, ethyl 
acetal, I, 366 

— dibutyl acetal, mono- and 

dichloro-, II. 1706 
— , d-ethoxv-, ethyl acetal, I, 
366 

— , )3-hydroxy-, I. 206, 198a 
Butaldehydes, II. 156d 
Butaldehyde, )5fiy-tricliloro-, 
II. 1576 ; III. 35d 
— , chloro-, 11. 170c 
But^e, TI. 173a ; V. 4806 
cyc/oButane, II. 1736 
fsoButane, II. 1736 
n-Butane, a-amino-S-guanido-, 
I. 171c 



532 

Butane as fuel, II. 1576 

refrigerant. II. 1736 

— , a-bromo, II. 171c 
— , a-cbloro-, II. 172a 
— , diamino-, II. 178c 
— , dibromo-, II. 171tZ, 177d 

— in carburetted water gas 

manufacture, V. 4726 
— , nitrobydroxy-, II. 171c 
Butanes, 11. 173a 
— , dihycLroxy-, II. 178d 
— , nitro-, II. 1746 
Butanol, see 7i-Butyl alcohol. 
2-Butanone or methyl ethyl 
ketone, I. 71a ; II. 4726 * 
Butea froyidosa, II. 157d ; VI. 86c 
Butein, II. 746, 1586 
— , tetra-acetyl-, II. 1586 

— trimethyl ether, II. 73tZ 
“ Butesin,” II. 1596 
Butin, II. 158a 

“ Butolan” II. 1596 
“ Butoxyl” n. 1596 
Butrin, VI. 80c 
Butter, II. 1596 
— , colouring matters, II. 167c 
— , diacetyl in, V. 306a 

— fat, composition, II. 1616 
— , formation from milk fat, 

n. i60d ■ 

— , mineral, II. 168d 

— nuts, II. 168d! 

— substitutes, IV. 2536 

— , vegetable, II. 159c, 168d ; 
III. 242a 

— vitamins, II. 163d 
Buttgenbachite, II. 168d 
Button lac, II. 169a 
Butyl, II. 169a 
n-Butylacetal, I. 36a 
isoButylacetal, I. 36a 
Butyl acetate in lacquers, II. 

471d 

specification, II. 4726 

I'soButylacetic acid, II. 2716 
isoButylacetoacetic acid, ethyl 
ester, I. 04c 

n-Butyl alcohol, I. 27d ; II. 
169a 

isoButyl alcohol, 6-chloro-, II. 
1786 

sec.-Butyl alcohol, 1-chloro-, II. 
1776 

'isoButyl alcohol from carbon 
monoxide and methanol, 
II. 350d 

n-Butyl alcohol from croton- 
aldeh 3 'de, I. 20c, 27d 
Butyl alcohol from horse- 
chestnuts, VI. 279d 

in lacquers, II. 1096, 471d 

production, I. 27d ; II. 

1096, 42Gf7, 4296, 471d ; 
V. 456 

• — alcohols, II. lG9a 

— alcohol, specification, II. 

1726 

tcrt.-Butyl alcohol, tribromo-, 
II. 1006 

, aax-trichloro-, I. 70c, 

371c ; III. 30c 
Butylamines, II. 175c 
n-Butyl p-aminobenzoate, II. 
1596 

isoButyl p-aminobenzoate. III. 
53.jcZ 

n-Butyl bromide, IT. 171c 
isoButyl bromide, TI. 170d 
n-Butyl butyrate, II. 179c 
isoButyl isobutyratc, II. 170d 
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isoButylcarbinol, I. 358c 
sec.-Butylcarbinol, I. 359a 
ferf.-Butylcarbinol, I. 3596 
“ Butyl carbUol,” II. 1796 
“ Butyl cellosolve,” II. 1796 
Butyl chloral, II. 1576 ; III. 35d 

hydrate, II. 1796 ; III. 

35d 

— chloride, II. 172a 
iso-Butyl a-chloroisobutyrate. 

II. 170d 

Butyl compounds, n-, iso- sec.- 
and ieri.-, see also Butyl. 
Butylcresol, II. 174<Z 
Butyl cyanate, II. 172c 

— cyanide, II. 172d 

— derivs. of aryl nitro-com- 

poxmds, II. 174c 

— diselenide, II. 1756 
isoButyl disulphide, II. 1756 
isoButylene bromide, II. 171c 
i/r-Butylene, bromo-, II. 177c 
Butylene bromohydrin, II. 

178c 

— diamines, II. 178c 

— dibfomide, II. llld 
isoButylene dicyanide, II. 1786 
Butylene di-iodide, II. 179a 
isoButylene dinitrite, II. 179a 
6-Butylene from butyl alcohol, 

II. 169d 

Butylene glycolchlorohvdrin, 
II. 1786 - 

1:3-Butylene glycol ether ace- 
tate, II. 1596 

Butylene glycols, II. 178d 

— oxide, II. 1796 
isoButylene oxide, IV. 320c 

, chloro-, IV. 320c 

Butylenes, II. 176d 
Butyl esters, II. 170o 
isoButyl ether, a6-dichloroiso- 

butyl-, II. 170c 
Butyl ethers, II. 174d 
isoButylformal, I. 346 
Butyl iodide, II. 173c 

— mercaptans, II. 174a 

— , metallic derivs., II. 173c 

— nitrates, II. 1746 

— nitrites, II. 1746 

— oleate in lacquers, II. 472(Z 

— phthalate in lacquers, II. 

4686 

— stearate in lacquers, II. 470a 

— sulphides, IT. 175a 

— sulphone, II. 175a 

— tartrate in lacquers, II. 4706 

— telluride, II. 1756 

— isothiocyanates, II. 1756 
m-fert.-Butyltoluene, II. 174c 
— , trinitro-, II. 174c 
Butylxylene, U. 174d 

“ Butyn,” I. 309a ; II. 1796 
Butyramide, II. 180c 
isoButyramide, II. 1816 
Butyrates in carrot seed oil, 
II. 4046 

isoBut 3 iric acid, II. ISOd, 302a 
Butyric acid, d-amino-, I. 317a 
isoButyric acid, a-bromo-, II. 
1816 

Butyric acid, and y-bromo-, 
II, 180c 

isoButyric acid, a-chloro-, II. 
1816 

Butyric acid, jS- and y-chloro-, 
n. ISOc 

, fi-hydroxy-, VI. 401f? 

in butter fat, 11. 102c 

— acids, n- and iso-, II. 179c 


Butyric aldehyde, tricMoro*. 
II. 1576 ; III. 35d 

— anhydride, 11. 180c 
isoButyric anhydride, II. 1816 

— esters, II. 1816 
y-Butyrobetaine, I. 6S7c 
But 3 ^oin, I. 140c 
y-But 3 rrolactone, II. 181d 
Butyrolactone-y - carboxylic 

acid, VI. 396 
Butyrone, II. 181d 

pinacone, II. 181d 

y - Butyrotrimethylbetaine 
from carnitine, II. 3916 
Butjiryl chloride, II. 1806 
isoButjnryl chloride, II. ISla 
Buxine, II. 181d 
Buxus sempervirens, alkaloids, 
II. 182a 

Byssochlamic acid, V. 5G6 
Byssochlamys fidva in fermen- 
tations, V. 51c 
Byssus, n. 182c 
Bytownite, I. 652a ; V, 3a 


G 

“ Caapi,” II. 182a ; VI. 18Ga 
Gaapi alkaloids, II. 182a 
Cabalonga de Tabasco, II. 
182a 

Cabbage, II. 182a 
— , acids, II. l&2d 
Cacao butter or cocoa butter, 
II. 168d, 183d ; III. 2336 

, acids, II. 185c 

, adulteration, II. 1856, 

187a 

or cacao fat, German 

regulations, II. lS4a 

— germ fat, II. 1866 

— , “ liquid nib,” II. 1846 

— mass, II. 1846 
Cacaorin, II. 18Sa 
Cacao shell, IV. 597a 
fat, II. 1866 

— tree, II. 183d ,* III. 230d 
Cachalot oil, II. 1886 
Cacbou de Laval, II. 1886 
Cacodyl and its derivs., I. 4S0d 
Cacodyl carbide, I. 4816 ; II. 

1886 

“ Cacodyliacol ” or “ Cacodyha- 
gol,” II. 1886 

Gacodylic acid, I. 4816 ; II. 
1886 

Cacodyl oxide, I. 4S0a ; H- 
188c 

Gacotbeline, II. 188c, 5816 
Cacouatl, III. 230d 
Cadalene, II. 188c, 190a, 6 
Cadaverine, II. 188c 

— in ergot, r\''. 331d 
Cadecbol, II. 188c 
Cade oil, II. 188c 

Cadet’s “ fuming liquid,” L 
479d; 11.188c 
Cadinene, I. 5c ; II. 188c 
— , dehvdrogenation, II. 1.--C, 
lOOa 

— dihydrochloride. III. 33, c 

— from copaene, II. 190n 
— , in camphor oil, II. 219c 
tsoCadinene, II. 190a 
Gadinol, II. 1906 
Cadmia. II. 2016 
Cadmium, IT. 190c 

— chloride, II. I93d 

— cyanide, II. 19 Id 
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Cadmium, detn., by hydro- 
genation, VI. sold 
— , — , electrodeposition method, 
II. 700c 

— , — , gravimetric, II. 5006 
— , — in hydrogenation analysis, 
VI. 362o 

— , — , spectroscopic, II. 692a 
— , — , volumetric, II. 654a 
— , drop reactions, II. 580a 
— , electrodeposition, IV, 268c 

— hydroxide, II. 193d 

— iodide, II. 194a 

— lithopone, II. 194d 

— monoxide, II. 193c 

— nitrate, II. 194d 

— peroxide, II. 193d 

— phosphate, polymerising 

agent, II. 429a 

— pigments, II. 1946 

— , qualitative reactions, II. 
551d, 567c 

— , , rare metals present, 

II. 5556, 556d 
-- salicylate, II. 194d 

— suboxide, II. 193d 

— sulphate, II. 194c 

— sulphide, II. 194a 

, mineral, II. 190d 

GadmopoUe, II. 1946 
Gaeline, III. 219a 
Caeruleoellagic acid, II. 194d 
Cseruleum, III. 219a 
Cseruleum monianum, I, 583d 
Csesalpinia brevifoKa, tanning 

extract, I. 2016 

— cotiaria, divi-divi, IV. 52d 

— sappan, II. 1956 

— spp., ellagic acid sovuces, IV. 

276cl 

, tannins from, IV. 276d 

Caesium, II. 1956 

— as trace element, I. 505c 
beryl, I. 684c 

— chloride, II. 106c 

— , detn., gravimetric, II. 585a 

— hydride, II. 196c 

— hydroxide, II. 1966 

— monoxide, II. 190c 

— peroxide, II. 196c 

— , quahtative reactions, II. 
547c, 564a, 556d, 5666 

— stdphate, II. 106c 
Caffearine, II. 196d 
Caffeic acid, II. 196d 
Caffeine and the alkaloids of 

tea, coffee and cocoa, II. 
197a ; III. 2646 
Caffeol, II. 1986 
Cafieone, II. 1986 
Cafietannic acid, II. 1986 ; 

III. 79d, 254d 
Cahuecit, IV. 4636 
Cail-Cedra, II. 1986 

cedrin, II. 1986 

Cairngorm, II. 198c 
Caisson disease, see “ Divers’ 

bends.” 

Cajuput, essential oil, II. 198c 
Cajuputol, sec l:S-Cineole and 
Cineole. 

Gal, n. 198d 
Caletbar bean, II. 198d 
Calabarine, II. 2006 
Calafatite, I. 298a 
Calamene, II. 200d 
Calamenene, II. 201a 
Calamenol, II. 201o 
Calameon, 11. 201a 
Calameonic acid, II. 201a 


Calamine, VI. 202a 
— , electric, II. 2016 

— in pharmacy, II, 2016 

— minerals, II. 201a 
Calamus, acorus, I. 1246 
— , essential oil, I. 1246 
Calandra granaria, C. spp,, V. 

392d, 395c 

Galandria of vacuum pans, IV. 
4066 

Galaverite, II. 201c ; VI. 102a 
“ Calcibronat,” II. 201c , 

“ Calcidine," II. 201c 
Calciferol, II. 201c ; III. 2496 
“ Calcinoi;' II. 2036 
“ Calciocoramine,” II. 2036 
Galcite, II. 2036, 220a, 518a 
Calcium, II. 203d 

— acetyhde - acetylene - am - 

monia, II. 215d 

— alloys, II. 2056 

— aluminate, II. 2286 

— amide, II. 2226 

— ammonium, II. 222a 
ferroeyanide. III. 470d 

— arsenate, II. 2266 

— azid'e, II. 222a 

— borate, II. 229d 

— boride, II. 229c 

— bromide, II. 214c 

Tirethane, double salt, II. 

235a 

— camphorate, camphorone 

from, II. 260c 

— carbide, II. 215d, 280d 
, acetylene production 

from, I, 1076 

in bread analysis, II. 82c 

, storage, I. 1096 

— carbonate, II. 2036, 220a, 

518a 

, decomposition, II. 2206, 

324c, 537c 

for glassmaking, V. 560a 

in caramel prepn., II. 

2766 

— carbonyl, II. 357c 

— chlorate, II. 2146 

— chloroarsenate, II. 227a 

— chlorosilicate, II. 228a 

— chromate, II. 234a ; III. 

1036, llld 

— citrate. III. 180a, 190a 

— compounds for glassmaking, 

V. 560a 

— cyanamide, II. 219c ; III. 

505e ; V. 65c 
formation, II. 210a 

— cyanide. III. 4926 

— deficiency, treatment, - II. 

2976 

— , detn., gravimetric, II. 588c 
— , — in clay. III. 203a 
— , — , volumetric, II. 654c 

— dioxide, II. 2126 

— disulphide, II. 230c 

— , drop reaction, IT. 5806 

— ferroeyanide. III. 468a, 470c 

— fluoride, II. 215a 

— gluconate, II. 201c, 234a, 

2976 

— hydride, II. 205d, 685d 

— hydrogen carbonate, II. 220d 

— hydrosulphide, II. 230c 

— hydroxide, II. 21 Id 

— hvdroxy - sulphydrate, II. 

2316 

— hypochlorite. III. 636 

— hypophosplute, II. 223c 

— imide, II. 2226 . 
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Calcium in cabbage, II, 183a • 

— in plants, I. 505c 

— iodate, II. 2036, 214d 

— iodide, II. 201c, 214d 

— mercuride, II. 205a 

— metaphosphate, II. 220a 

— monosulphide, II. 229d, 271a 

— nitrate, II. 222c 

— nitride, II, 204d, 221d 

— nitrite, II. 2226 

— oxalate in wort, II. 90a 

— oxide, II. 2006 

, reaction with CO and 

steam, II. ,3496 

— oxychloride, II. 214a 

— oxysulphide, II. 230d 

— pentasulphide, II. 230c 
' — perchlorate, II. 214c 

— periodate, II. 215a 

— pernitride, II. 222a 

— persulphate, II. 233d 

— phosphate, II. 119c, 204a, 

223d 

, acid, in floxu’, II. 81c 

, complex with casein, II, 

4116 

in bone ash, II. 286 

flour, II. 79c 

— phosphato-chlorides, TI. 226a 

— phosphide, TI. 2236 

— phosphite, II. 223c 
, acid, II. 223c 

— potassium chromate, II. 

234o 

ferroeyanide, III. 470d 

sulphate, II. 233c 

— pyrophosphate, II, 225d 

— , qualitative reactions, II. 
553d, 567a 

— , , rare metals present, 

II. 555d, 550d 

— , role in blood clotting, IT. 23c 

— saccharate, IT. 212a 

“ Calcium-Sandoz," II. 234a 
Calcium selenide, II. 232a 

— silicate, electrolysis, II. 227a 

— silicates, II. 227c 

— silicide, II. 227a 

— siUcoborate, II. 220d 

— silicophosphate, II. 2266 

— silicotitanate, II. 229d 

— silver iodide, II. 214d 

— sodimn sulphate, II. 233c 

— sulphate (see also Gypsum), 

II. 2326 

hemihydrate, II. 130a 

— sulphate in ammonium sul- 

phate production, II. 4246 
, — masonry, II. 128c 

— - — , mineral, II. 204a 
plasters and cements, II. 

1296 

— sulphite, II. 232a 

— sulphocarbonate, II. 231d 

— tetroxide, II. 212c 

— thiocyanate, II. 2036 

— thiosulphate, II. 233d 

— titanate, II. 229d 

— zirconate, II. 420c 
Calco-uranite, I. 558a ; II. 

393a 

Calc-spar (see also Calcile), IT. 
2036 

Calculations, chemical. III. la 
Caldariomycin, V. 58c 
“ Caledon ” dyes, I. 4246 
Calendering textiles, V. 188o 
Calendula officinalis, II. 234a 
Calgon, II. 2346 
Cabatur wood, II. 2346 



534 


INDEX 


Caliche, II. 2346 
Calico printing, IV. 1785 

, casein in, II. 4146 

, direct styles, IV. 179a 

, dyed styles, rS’'. 181c 

Avith aniline black, IV. 

179c 

azoic dyes, IV. 182a 

“ Rapidazol ” dves, IV. 

IV 183c 

“ Eapidogen ” dves, 

IV. 183a 

Californite, II. 2346 
“ Calines,” caulocaline, pbyllo- 
caline, rliizocaline, VI. 138c 
Calisaya, II. 2346 
Callaite, I. 2645 
CaUistephin, II. 2346 
Callistephus chinensis, I. 5325 
CalUtris glanca, VI. 1426 

— intrairopica, VI. 1426 
Callitropic acid, II. 2345 
Calluna vulgaris, II. 2345 ; IV. 

3336 ; VI. 190a 
Callutannic acid, II. 2345 
Calmatamhetin, II. 23oa 
Calmatambin, II. 235a 
“ Calmonat," II. 235a 
“ Cal-nitro” I. 3525 
Calomel, detn., II. 6625 
• — half-element, VI. 336a 
“ Calomelol,” II. 235a 
Caloncoha glaum, C. spp., II. 
235a 

Calophyttum inophyllum, II. 
235a 

Caloplxylltim oil, II. 2356 

, fatty acids, II. 2356 

Calorific values, gross and net, 

V. 3315 

of fuels, V. 331c 

Calotropis spp., V. 1696 
Calotype, II. 2356 
Galumba alkaloids, II. 2356 
“ Calvados:' III. 127c 
Calycanthine, tsocalycanthine, 
II. 236c 

Calycanthus spp., II. 236c 
Cambe wood, II. 260c 
Canxboge, III. 237a ; V. 427c 
Gambrite, IV. 553c, 554c 
Camelina saliva, II. 2376 
Cameline oil, II. 237a 
Camellia japonica, VI. 80c 
Camellia-sapoimi, VI. 86c 
Campeaciiy wood, II. 2376 
5 - Camphaiie - 3 - carboxylic 
acid, IV. 318c 

Campbane, a-dichloro-, II. 
2396 

isoCampbane formation, II. 
2426 

Campbene, II. 237c, 252c 
— , to- bromo-, II. 2386 
— , co-cliloro-, II. 2396 

— from bomeol, II. 31c 

, bomyl chloride, II. 2526 

pinene, II. 2586 

— glycol, II. 239a 

— hydrate, II. 238c 

— hydro cldoride, II.. 239c , 

— , co-nitro-, II. 239c 

— , — , oxidation, II. 240a 
— , oxidation to camphor, II. 
2385, 257a 

— , source of borneol, II. 316 
Campbenic acid, II. 238a 
Campbenilol, II. 240c 
Campbenilone, II. 2375, 240a 

— formation, II. 2576 


Gampbenilyl chloride, II. 240c 
— , methyl, xanthate, distilla- 
tion of, II. 34a 
Gampbenylic acid, 11. 2386 

— nitrite, II. 239c 
G amp bocbol, II. 240c 
Gampbol, II. 2405 
a-Campbolenaldebyde, II. 

2426 

Campbolene formation, II. 
2435 • 

a-Gampbolenic acid, dihydro-, 
II. 2446 

Gampbolic acid, II. 244a 
isoGampbolic acid, II. 244a 
a-Gampbolide, II. 2426, 2475 
^-Gampbolide, II. 2475 
a-Gampbolytic acid, II. 248c 
Gampbonenic acid, II. 249a 
Gampbor, II. 2405 
^-Gampbor, IV. 318c 
Gampbor, acetyl-, 11. 243c 
— , amino-, II. 2456 
Gampboranil, II. 258c 
“ Gampbor, artificial,” II. 325, 
250c 

Gampbor, benzoyl-, II. 243c 

carboxylic acid, II. 243a 

— , chloro-, II. 2446 
— , compound with apocholic 
acid, II. 240c 

— , deoxycholic acid, II. 

188c 

— , dehydration, II. 404c 

— derivs., numbering, II. 243c 
— , detn., II. 2595 ; IV. 533c 
a-Campborene in camphor oil, 

II. 249c 

Gampbor, essential oil, II. 2496 

— from bomeols, II. 31c, 2566 

— glycol, II. 2465 

— , halogen derivs., II. 2446 
— , hydroxy-, II. 2455 
Camphoric acid, II. 241a, 247c 
— , —, ^-bromo-, II. 2486 

formation, II. 33c, 34a 

, hydroxy-, II. 2376 

apoCampboric acid, II. 239a, 
241c 

, carboxy-, II. 239a 

cis-apoCaxnpboric acid, II. 346 
zsoCampboric acid, II. 247c 
Camphoric anhydride, a- 
bromo-, II. 2486 

, a-chloro-, II. 2486 

Gampborimide, 11. 248a 
Camphor in celltiloid, II. 249c, 
260a, 4436 
— , iodo-, II. 2445 
“ Camphor, Kgai,”- II. 305 
Camphor, nitro-, II. 245a 
— , pseudonitvo-, II. 245a 
— , isonitroso-, II. 246c 
Campborone, II. 260c 
Campboronic acid, II. 2416, 
2426, 248a 

isoCampboronic acid, II. 2426 
Gampborquinone, II. 246c 
— , reduction, II. 2455 
Campborsulpbonic acids, II. 
245c 

Gampbor, synthetic, II. 249c 
“ Camphortar," IV. 31a 
Campbylic acid, II. 248c 
Camwood, II. 260c 
Canada balsam and resin, II. 
261a 

in flexible collodium, II. 

468c 

— pitch, II. 2616 


“ Canada Snake-root,” i. 4984 
Canadine, II. 2616 : VI. 
295c 

Ganadobc acid, II. 2616 
Canadolinic acid, -II. 261a 
Cananga, essential oil, II. 2616 
Canarin, II. 2616 
Canariurn spp., IV. 275a, 276a 
Canaualia ensifomiis, I. 6o9a 
Ganavanine, I. 3186 
Cancer, experimental produc- 
tion, II. 3786 
Gandelilla wax, II. 261c 
Candle making, VI. 222c 
Gandlenut, II. 2626 

— oil, I. 198c ; IT. 2626 
Gandies, II. 263a 

— , dyes for colouring, II. 2684 
— , tallow, acrolein from burn- 
ing, II. 263c 

Candle wicks, borax ijickling, 

! II. 505, 265a - 

Canella alba, II. 269c 
Canella bark, II. 269c 
“ GaneUin,” II, 269c 
Ganfieldite, I. 466a ; V. 520c 
Cannabinol, II. 2695 
Cannahinolactone, II. 2695 
Cannabis indica resin, II. 269c ; 

VI. 422c 

— saliva, I. la ; IV, 86a, 2516 ; 

V. 162c ; VI. 203a, 422c 

protein, IV. 251 6 

Canna edulis, I. 4686 
Gann el coal and coke, V. 437c 
Canning and bottling, V. 2906 
Cannlzzarite, II. 270a 
Cannizzaro's reaction, II, 270a 
Cannonite, IV. 530a 
Cannon-spar, II, 203c 
Cans, corrosion and protection, 
V. 290c 

Cantbarides, II. 2706 
Cantharidic acid, II. 2706 
Cantbaridin, II. 2706 

containing insects, II. 271a 

zsoCantbaridin, II. 271a_ 
Cantharis vesicatoria II. 2706^ 
Canfhium glabriflonim, II. 2S5a 
Canton’s phosphorus, _II. 230a 
Canvas rooBng, V. 1955 
Caoutchouc, see Rubber. 

Cap compositions, IV. 543c 
“ Cape ruby,” V. 429c 
Capric acid, I, 199c ; II. 2716; 
IV. 278c 

Caprine, II. 2716 
Caproic acids, II. 2716 

, a-amino-. III. 317a 

^-Caproic acid, II. 271c 
i'soCaproic acid, II. 2715 
Caproic acids, II. 2716 
“ Caprokol," IT. 2715 
Capryl or octyl, II. 2715 
Caprylic acid, I. 199c 
Capsaicin, II. 2715, 274c 
Capsantbin, II. 2726, 3996 
Capsantbinone, II. 273a 
Capsantbol, II. 273c 
Capsantbylal, II. 2736 
Capsicine, II. 2756 
Capsicum, II. 2736 
— resin, II. 2756 
Capsicum spp., II. 2715, 2726, 
2756 

Capsorubin, II. 2726, 3996, 
401a 

Capsularigenin, II. 275c 
Capsularin, II. 275c 
Capsylaldebyde, II. 273a 


Caput moriuuni, TI. 275c ; III. 
278c 

Caraitrra, I. 381d ; IL 275c ; 

III. 28& 

Garajuretin, II. 275c 
Carajurin, II. 275c ; III. 28c 
— , dibromo-, III. 28fZ 
Carajurone, II. 275d! ; III. 28c, 
29c 

Caranxbola, II. 275d 
Cairainel, II. 276a 
Caramelan, II. 27Cc 
Caramel, debn., TI. 277a 
Caramelen, II. 276c 
Caramelic acid, II. 276c 
Caramelin, II. 276c 
Carana, II. 277b 
Carane, II. 3SSd 
Carapa oil, II. 277b 
Caratol, in carrot seed oil, II. 
4045 

Caraway, II. 277c 
— , essential oil, II. 278a 

— oil, carveol in, II. 404d 

, carvone in, II. 4065 

“ Carbacaine,” II. 2805 
Carbamic acid, II. 2785 
Carbamide, acetyl a-bromo-a- 

ethylbutyryl-, I. Ic 
Carbamino-acids_, I. 320fZ 
Carbaminoylcboline, III. 94a 
Carba process of COj pro- 
duction, II. 3275 
“ Carbasone,” I. 487a ; II. 2785 
Carbazide, II. 2785, 303c 
Carbazines, I. 133d 
Carbazoimide, II. 2785, 323a 
Carbazole, II. 278c 
—, N-acetyl-, II. 2795 

1-carboxylic acid, II. 279c 

— , 3:6-diamino-, II. 2805 
3-diazonium hydrochloride, 

III. 595a 

— dyes, I. 420d 

— from brucine and strychnine, 

II. 278d 

coal tar, II. 278d 

— in anthracene, detection, I. 

3875 

— indophenol, II. 280a 
— , N-nitroso-, II. 279c 

— , pigments ftom, II. 2805 
Garbazolene, II. 279a 
Carbazones, I. 133d 
Garbazyl ketones, II. 280o 
Carbene, I. 87a 
“ Carbest," II. 6825 
Carbides (see also Acetylene, 
metallic derivs.), II. 2805 
“ Carbitol,” II. 282a 
Garbocamphenilone, II. 2385 
Carbocite process,” V. 3655 
Carbocyanines, 2:2-, 2:4-, and 
4:4'-, III. 516c 

— , indo-, indothia-, indoxa- 
and oxathia-. III. 523d 
— , unsymmetrical. III. 6235 
“ Carbofrax,” II. 361o 
Carbobydrase, definition, II. 
282a 

Carbobydrases, functions, IV. 
3145 

Carbobydrates, IT. 282a 
“ Carbobydrates, digestible,” 

IV. 599d 

Carbobydrates in feeding 
stuiTs, IV. 592d, 603a 

rice, n. 4945 

starch, II. 482a 

cabbage, II. lS3a 


INDEX 

Carbobydrates in carrots, II. 
403d 

“ Carbobydrates, soluble,” 

IV. 599d 

Carbobydrazide, II. 303c 
Carbolic acid, or phenol, II. 
303c ; III. 207d, 212c 

, liquid. III. 4265 

Garbolineum, II. 308d ; III. 
421d 

Carbon, II. 308d 
“ Carbon,” I. 3d 
Carbon, activated, I. 140a 
Carbonado, I. 3d ; II. 309d, 
356d ; III. 575o 
“ Carbonalpba,” II. 313a 
“ Carbonate,” abrasive, I. 3d ; 

II. 356d ; III. 575a 
Carbonate, detn., gravimetric, 
II. 694c 

“ Carbonate of barytes,” I. 
651a 

Carbonates, behaviour with 
indicators, II. 6405 

— of sugars, II. 2915 

— , qualitative reactions, II. 
56gd 

Carbon bromide, II. 320c 
carbon oxides equilibrimn, 

V. 368a 

— chlorosulphides, from CSj, 

II. 353c 

chromium alloy. III. 104d 

— compounds, II. 3205 
, combustion analysis, II. 

616c, micro, II. 630a 

, qualitative tests, II. 615a 

— , detection, II. .568d 

— dibromide, II. 320c 

— dioxide, II. 323c 

as fertiliser, II. 3265 

atmo.sphere for food 

storage, II. 3265 ; V. 293d 

, detn., gasometric, II. 

677c, gravimetric, II. 6825, 
and volumetric, II. 642d, 
645d, 682a 

, physical, methods, II. 

6825 

fumigation, II. 361c ; V. 

394d 

, liquid, II. 326c, 328a 

, reaction with Grignard 

reagents, II. 3635 

, solid, II. 326c, 388c ; IV. 

56a 

— disrdphide, II. 3285 

, detection, II. 560a, 682d 

, detn., II. 082d 

, — in fumigated food, V. 

396c 

fumigation, II. 344a ; V. 

3966 

, luminescent oxidation, 

III. 235 

, prepn. from hydrocar- 
bons, II. 337d 

, reaction with chlorine, 

II. 353a 

recovery, II. 3386 

, removal from benzole, I. 

074d 

, specification, II. 344a 

vapour, absorption in oil, 

II. 3405 

— fluorides, II. 3235 

— fluorochlorides, II. 356a 
Carbonic anhydrase, IT. 356d 
Carbonisation, sec also Coal 

carbonisation. 
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Carbonisation, high tempera- 
txtte, V. 3675 

— , low temperature, V. 364d 
— - of wool, II. 145 ; IV. 123c 
Carbonite, II. 357a 
“ Carbonite.” IV. 463d 
Carbon monosulphide, II. 3225 

— monoxide, II. 3445 

, action on metals, II. 357a 

and methanol, acetic acid 

from, II. 425c 

, blood test, II. 682d ; VI. 

166a 

, detection, II. 569a, 6825 ; 

III. 215 

, detn., gasometric, II. 678c 

, high pressure reduction, 

II. 425c 

, reaction ^vith hydrogen, 

VI. 378d 

— oxysulphide, detection and 

detn., II. 683a 

, prepn., II. 338a 

“ Carbon papers,” VI. 490a 
Carbon process in photo- 
graphy, III. 110a 
Carbons, decolorising, II. Slid, 
320a 

Carbon subnitride, II. 321c 

— suboxide, II. 351d 

, reacts as malonic an- 
hydride, II. 352c 

— subsulphide, II. 323c 

— sulphidoselenide, II. 3235 

— tetrabromide, formation, II. 

356a 

, prepn., II. 3206 

, presence in bromine, II. 

1185 

— tetrachloride, I. 105c ; II. 

353a 

fire extinguisher, V. 209c 

in fumigants, II. 344a 

warfare, III. 10c 

, prepn.. III. 11a 

' — tetrafluoride, II. 3235, 356a 

— tetraiodide, II. 321c 

— tribromide, II. 320c 
Carbonyl-J-acid, IV. 222d 

— azide, II. 2786, 323a 

— bromide, II. 323o 

— chloride, see also Phosgene. 
, carbon tetrachloride 

from, II. 354d 

, prepn., II. 321c, 354d, 

35.5c 

, properties, II. 321c 

— compounds, detection and 

detn. as hydrazones, II. 
626c ; VI. 304c 

— cyanide, II. 3225 

“ Carbonyling ” of nickel, II. 
351a 

Carbonyl nitride, II. 2785 

— selenide, II. 3235 
Carbonyls, metal, II. 351a, 

357a 

Carbonyl sulphide, II. 322c 
Garbo oven, II. 311c 
CarboraEEin. IT. 358d 
" Carborundum ” abrasive, 1. 3d, 
4a 

— flours, II. 359d 

— occurrence, II. 280c 

— production, II. 310d, 358d 
“ Carboserin,” II. 3615 

“ Carboxide,” II. 361c ; V, 395d 
“ Carboxide gas,” IV. 3805 
Carboxylase in yeast, II. 99d : 

V. 106 
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Carboxyl group, detn., IT. 
625d 

Carboxylic acids, II. 361c 
Carboxypeptidase, IV. Slid, 
325b 

Carbromal or carbromalum, I. 

141a 

Carbro process in plioto- 
grapliy. III. 111a 
Carbiiretted water gas, II. 
345a ; V. 469c, 4906 

, composition and cal. 

val., V. 472c 

, “ gas oil,” V. 4726 

, waste heat boiler, Y. 

471a 

Carcinogenic hydrocarbons, 
II. 3786 

Carclazite or carclazyte, II. 
3806 

Cardamoms, II. 3806 
— , essential oil. II. 381a 
Cardboard, casein adhesive in, 
II. 4146 ' 

Cardiac i^oaglycones, II. 3826 

— glycosid&s, II. 381a 
» Cardiazol” II. 388c 
Cardol, I. 366a ; II. 388c 
Cardox blasting process, IV. 

562c 

— cartridges, II. 388c 
id®-Carene, II. 388c 
2J*-Carene, II. 3896 
Carius halogen detn., IT. 6206 
, micro - method, II. 

632a 

— sulphur detn., II. 621c 
, micro - method, II. 

632c 

Carlic acid, V. 526 
Carlosic acid, V. 526 

Carminazarin, II. 390a 
Carmine, a- and /5-bromo-, III. 
227a, 6 

Carminic acid, II. 390a ; III. 
226d, 229d 

Carmoisine, II. 390a 
Caraallite, II. 1096, 195c, 212d, 
390a 

Carnauba wax in candles, II. 
264c 

Garnaiibic acid, II. 3906 
Carnaubyl alcohol, II. 3906 
Garnegine, II. 390c 
Carnelian, II. 5176 
Gamine, II. 390d 
Carnites, II. 391a 
Carnitine. I. 687a ; II. 391a 
Carnose, II. 391a 
» Camosine, II. 392a 
Carnotite, II. 392d 
Carob tree, II. 3936 

— gum, VI. 150c 
Carol, II. 393d 
Garolic acid, V. 526 
Carolinic acid, V. 526 
Carone, II. 3936 

Caronic acids, cis- and irans-, 
II. 3896, 393d 

Caro’s acid, II. 393d ; VI. 
341a, 3456 

Carotene, II. 393d, III. 

— , a-'and II. 397c, 394c 

— , detn., colorimetric, II. 3946 

— in flour and wheat, II. Sic, 

505c 

— . occurrence in plants, IT. 
183a, 2726, 401a 


Carotene, sources, II. 394a 
^-Carotene, /9-carotene alde- 
hyde, structure, IT. 3966 
— , conversion into vitamin A, 
II. 394d 

— , dihydroxy-, II. 3956 
^-Carotene, II. 3976 
isoGarotene, II. 394d, 397d 
pseudo-a-Carotene, II. 397d. 
Carotenoids, II. 151a, 397d 
— , animal, II. 401c 
— , bacterial, II. 401d 
— , bios 5 uitbesis, II. 401d 
■ j clironicttoffrfLpIuc 
II. 3986 

— in butter, II. 1636 

— , physiological importance, 
II. 402a 

— , plant, structure, II. 398a, 
399a 

Carotenone, II. 3956 
/9-Carotenone, II. 3996 

— aldehyde, II. 3956 
— , oxidation, II. 3956 
Caroubin, I. 660a ; II. 3936, 

403a 

Caroubinose, II. 3936, 403a 
Carpaine, II, 403a 
— , nitroso-, II. 4036 
Carpamic acid, II. 4036 
“ Carphenot," II. 1596 
CarpiUne, II. 403c 
Carpotrocbe oil, II. 403c, 5236 
Carragheen, I. 1996 ; II. 403c 
— , detn,, II. 403d 
Garragheenin, II. 403d 
Carrot, II. 403d 
Carthamidin, II. 4046 
Carthamin, II. 4046 
Carthamus iincforius, IV. 866 
“ Cartox,” V. 395d 
Carum carvi, II. 277c ; IV. Ic 

— petroselinum, I. 450c 
Cairvacrol, p-amino-, I. 326a 
— , chloro-, II, 404c 

— from camphor, II. 242d 
carvenone, II. 404d 

— in camphor oU, II. 249c 

— , reduction to carvomenthol, 
II. 405c 

Garvasept, II. 404c 
d-Carvene in caraway oU, II. 
278a 

Carvenene, II. 404c 
Garvenol, II. 404d 
Carvenone, II. 404c ; IV. 96 

— from camphor, II. 242d 

— , reduction to carvomenthol, 
II. 40.56 

Carveol, II. 404d 

— from carvone, II. 4076 

— in caraway oil, II. 2786 

— , reduction to carvomenthols, 
II. 405c 

Carvestrene, II. 405a 

— from carone, II. 393c 
Carviolacin, V. 55c 
Garviolin, V. 55c 
Carvomenthol, II. 405a 
— , formation, II. 40.5a, 4076 
— , oxidation, II. 406a 
Carvomenthone, II. 405d 

— from carvone, II. 4076 

carvotanacetone, II. 408c 

Carvomenthylamines, II, 

406d 

Carvone, IT, 4066 ; IV. Ic, 5a 
— , hydroxy-, II. 4086 

— in caraway oU, II. 278a 

— redpction, TI. 404d, 405c, 4076 


Carvotanacetone, II. 408a, 
4086 

— , reduction, II. 405c 
Garylamine, II. 393c 
CaryophyUene in Canclla alba, 

II. 269c 

CaryophyUenes, II. 408d ; III. 
183c 

Caryophyllenic acid, II. 4096 
Caryota sirens, V. 1686 
Casale process, I. 336d 
Casca bark, IV. 335d 
Gascalotte, VI. 1536 
Cascara sagrada, II. 410c 

substitute, I. 19Sa 

Cascarilla, essential oil, IT. 
411a 

Cascarillic acid, II, 411a 
Cascarol, II. 410d 
Case-hardening with sodiiun 
cyanide. III. 4856 
Casein, II, 411a 
— , adhesives, I. 142d 
— , as photographic film, II. 
448a 

— fibres, II. 416a ; IV, 125c ; 

V, 115c 

— in curd, II. 163a 
Caseinogen, II. 411a 
Casein plastics, II..416c 

— wool, II. 416a 
Cashew nut, I. 126, 365d 

shell oil, I, 366a 

Casimiroedine, II. 417d 
Gasimiroine, II. 417d 
Casimiroitine, II. 418a 
Gassaidine, IV, 336a 
Gassaine, IV. 336a 
Cassava, II. 418c 
Gassel earth, II. 4186 
Cassia, IT, 4186 ; III. 182a 
Cassia angiislifolia, III. 556c 
Cassia, essential oil, II. 4186 
Cassia occidenialis. III. 2576_ 
Cassia oil, cinnamaldehvde in, 

III. 180a 

Cassia fora, II. 419a 
-Cassie oil, I, 11c 
Gassiterite, II. 4196 
Gastagnitol, III. 27c 
Castelagenin, II. 419a 
Castelin, II. 419c 
Castilloa elastica, III. 540a 
Gastner electrolytic cell, HI- 
55a 

Castor oU, II. 420a 

in dopes for film manu- 

factme, II. 4486 

lacquers, II. 408a 

, specification, II. 472c 

— or castoreum, II. 419d 

“ Catadyn ” process, H’’. 24d 
Cat^ase, II, 4Mc ; IV, 3156 ; 

VI, 1086, 340o 

— , constitution, VI. 168c 

— in bread ‘ rope,’ 11. 846 

malting, II. 89a 

rice, II. 495d 

— , mol. irt., VI. 1686 
— , prepn., VI. 1686 
“ Catalin,” II. 422c 
“ Cate/po.” II. 422d 
Catalysis (see also Catalyst (s) ; 
Chain reactions ; Esterifica- 
tion, catalytic ; Ileactioiis, 
heterogeneous ; and cata- 
lysed jjrocasses, as Sydio- 
genation), TI. 422d 

— acid, relation to conduc- 

tivity, VI. 242a 
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Catalysis, active centres in, 
II. 54:0c 

— , activity coeificients in, VI. 
244a, 246a 

' — , adsorption in, II. 539c ; VI. 
215a, 314c 

— and dissociation theory, VI. 

241d 

— by metallic halides, VI. 259a 
ions, VI. 258d 

— , catalytic constant in, VI. 
241a 

— , definition, VI. 255c 
— , dual theory, VI. 249c 
— , general acid-base. VI. 2495 
— , homogeneous {see also Cata- 
lysis), VI. 240c 
— , hydrogen ion in, VI. 253c 
— , hydroxyl ion in, VI. 253c 
— , inhibition (see also Catalyst 
poisons), VI. 2C0c 

— in industrial chemistry, II. 

422d 

inert solvents, VI. 2515 

non-aqueous solvents, VI. 

2445, 251a, 2555 
— , mass action in, II. 539c 
— , negative, sec Catalysis, in- 
lubition ; Catalyst poisons. 

— of pinene isomerisation, II. 

2586 

— , primary salt effect in, VI. 
2465 

— , reaction velocity in homo- 
geneous, VI. 241a 
— , secondary salt effect in, VI. 
2445 

— , spontaneous reaction in, VI. 
251a 

— , statistical effect in, VI. 253a 
— , strong electrolytes in, VI. 
243d • 

— , theories, VI. 372c 
— , water molecule in, VI. 253c 
Catalyst(s), see also Anti- 
oxidants ; Auxin ; Cata- 
lysis ; Enzymes ; Hor- 
mones ; Hydrolysis ; and 
under catalysed processes. 
Catalyst poisons {see also Anti- 
catalysts ; Catalysis, in- 
hibition ; Catalyste, nickel, 
poisons), I. 334a ; II. 423c, 
540c ; VI. 211c, 218a, 260c, 
330d 

Catalysts, prepn., see Hydro- 
genation ; H. analvsis : 

H. of coal. 

— , promoter actions, IV. 346a, 
355c 

— structure, VI. 377c 
— , typical, VI. 212d 
— ■ uniformity, VI. 3805 
Catalysts, action on water gas, 

II. 3495 

— •, dehydrating, IV. 350c 
— , “ foraminate,” VI. 181d 
, massive and colloidal, VI. 
216c - • ' 

— , nickel, poisons. VI. 180c, 
1815 

of oil hydrogenation, II. 
427a ; VI. 1785 

Catalytic esterification, IV. 
338d 

— oxidation of aldehydes, VI. 

2016 

sulpliites, VI. 2G0d 

power andacid-basestrength. 


Gataphoresis, III. 283c 
Gatapleiite, II. 429c 
Catechin, II. 433d, 435c 
“ Catechin C,” II, 435c 
df-Gatechin, I. 115 
Catechol, II. 429c 

— and acyl and aryl derivs. in 

pharmacy, II. 431a, 4325 

— as bactericide, II. 431a 
Catecholcitraconein, II, 4335 
Catechol esters, U. 4315 

, rearrangement, II. 432a 

Catecholitaconein, II. 4335 
Gatecholphthalein, II. 4335 
Catechol, rare earth derivs., 

II. 515d 

Catechols, alkyl, as disinfec- 
tants, II. 4325 

Catechol sulphonic acids, II. 
432d 

— tannin in heather, II. 235o 
Catechu, II, 4335 ; IV. 1205 
Catechutannic acid, II. 4385 
Catellagic acid, II. 439a 
Catenarin, V. 55a 

Catha edulis, I. 115 ; IV. 3175 
Catharometer, V. 390d 
Cathartin, II. 439a 
Cathartogenic acid, II. 439a 
Cathidine, I. 115 ; II. 4395 
Cathine, I. 115 ; II. 4395 ; IV. 
3176 

Cathinine, I. 115 ; II. 4395 
Cathode efficiency, IV. 261c 
Cathodic protection of metals, 

III, 392c 

Cation acids, VI. 2475 
Cat’s-eye, oriental. III. 119a 
Cauliflower, II. 1825 
Caulophylline, H. 4395 
Cay Cay fat, Cay-cdy fat, II. 

4395 ; IV. 4a 
Cayeime pepper, II. 2735 
C.G. (earthenware), VI. 8d 
C.E, (explosive), IV. 485a 
Cedar camphor, IT. 439c, 441a 
Cedarite, I. 302c 
“ Cedar, Moulmein,” II. 439d 
Cedar nut oil, IV. 80a 
Cedarwood, essential oil, II. 
439c 

Cedra-Cedrat, II. 439c 
Cedrat oil, HI. 190d 
Cedrela toona, II. 439d 
Cedrene, II. 439c, 440c, 441a 
Cedrenol, II. 439c 
Cedriret, II. 440d 
Cedrol, II. 439c, 441a 
— , dehydration, II. 440c 
pseudoCedrol, II. 439c, 441a 
Cedrone, II. 440c 
Cedrits atlanlica, I. 633c 
Ceiba pentandra, V. 168c 
Celadonite, VI. 136a 
“ Celanese,” I. 39c 
“ Celastoid," II. 480a 
“ Celatene,” I. 415, 205c 
" Celcot," IV. 231a 
Celery cabbage, II. 1825 
— , celeriac, II. 4415 
— , essential oil, II. 441c, 442a 

— seeds, II. 44id 
Celestine or celestite, II. 4425 
Celite, II. 1415, 2285 

“ Cellastine” II. 480a 
Celliamine (celliamin), II. 

442c ; VI. 2005 
“ Celliton dyes,” I. 41a 
Celliton Hubine B, I. 41/^ 
GqUqhiase, II, 442c 


CeUohiose, II, 2985, 442c 
— , relation to cellulose, II. 457a 

— units in cellulose, II. 301c 
Cellodextrins, II. 442d 
Gellohexose, II. 302a, 442d 
“ Cellomold," II. 480a 

“ Cellophane,” II. 442d, 4525, c 
“ Cellosolve,” II. 443a ; IV. 
318c 

Cellotetrose, II. 299a, 302a, 
442d 

Cellotriose, II. 299a, II. 302a, 
442d 

Cellotropin, II. 4435 
Cellulase, II. 4435 
Celluloid, 'II. 4435 
— , camphor in, II. 249c, 200a 

— plastics, II. 446a 

— production, II. 4645 
Cellulose {see also Cellulose 

fibres), II, 282a, 456d 

— acetate, chain length, II. 

301d 

in photographic films, II. 

447a 

production, II. 4475, 

464d ; V. 121d 

rayon dyes {see also Ace- 
tate sUk dyes ; Dyeing ; 
Azo-dyes), I. 205c 

spinning, V, 1235 

“ ripening,” V. 123a 

— acetates, acetone-soluble, II. 

464d! ; V. 1225 

, chloroform-soluble, II. 

464d 

— , bleacliing, II. 3c 
— , bran, II. 59a 
— , cotton, properties, II. 45 
— , cuprammonium, II. 4635 
III. 355a ; V. 113a, 116a 

— dispersions, II. 459<Z 

— , esparto, xylan in, 11. 303c 

— esters in photographic film, 

II. 447a, 448a 

— ester solutions, II. 467d ; III. 

3955 

— ethers in photographic films, 

II. 448a 

— fibres (see also Eibres, arti- 

cial, or rayon ; Fibres, 
cotton ; Fibres, vegetable), 
II. 4655 

in dyeing, see Dyeing ; 

Azo-dyes. 

— finishes, butanol in, II. 169c 
— , formula, II. 301c, 457c 

— , hydration, II. 459c 
— , hydrolysis, II. 4436 

— in feeding stuffs, IV. 593a 

— lacquers, II. 467tZ ; III. 3955 

— nitrate, sec also Celluloid ; 

Celluloid plastics ; Cellu- 
lose ; Cellulose lacquers ; 
Explosives ; Fibres, arti- 
ficial, or rayon. 

for films, IT. 447a 

— nitrates, IV. 501c 

— nitrate silk, V. 114fZ 
— , nitration, II. 443c 

— , nitro-, see Cellulose nitrate. 

— nitroacetate, films, II. 447<Z 

— plastics, II. 4745 

— polymerisation, V. 129a 

— , regenerated, azo dyes for, 
rV. 234a 

— , viscosity of cuprammonium, 
II. 4635 

— xanthate or xanthogenate, 

II. 442(7, 4655 ; V. 118a 
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Celtis occidenlalis, IV. 218(1 
Celtitun, II. 480i 
Cement (see also Portland ce- 
ment), II. 129t, 135c 
— , aluminous, II. 14.6& 

— , c<asein, 11. 4146 
— celluloid, II. 445d 
— , cold process slag, II, 146a 
— , lime, natural, II. 133eZ 
Cementite, II. 280d, 480c 
Cement, magnesium oxy- 
cliloride, II. 135c 
Cements, chalk in, II. alSc 
Centaurea, II. 480c 
Centaury, II. 480c 
“ Centralites," .stabilisers, II. 

480c ; IV. 521a 
— , detn., IV. 5336 
Centrifugal pot for rayon, V. 
117a, 120d 

Cephaeline, II, 480cZ ; IV. 281a 
Cephalantliin, II, 48io 
Cephalin, see Keplialin. 
Cepharanthine, II. 481a 
Ceradia, II. 4816 
Cera fica, V. 171o 
“ Ceralumin," I. 253a 
Ceramium rubrum, I, 2006 
Cerargyrite, IT, 4816 
Cerasm, II. 481d 
Ceratonia gum, C. siliqua, 

I. 2016, Q58d ; VI. 150c 
Cerberetin, II. 481d 
Cerberin, II. 387c, 481cZ 
Cereals, II. 481d 
Cerebron, II. 500c ; VI. 93c 
Cerebrose, 11. 506c 
Cerebrosides, II. 506c 
Cererite, II, 512a 
Ceresin, II. 204c, 506d 
Cerfluorite, II, 506d 
Ceria, II. 510a 

Ceric carbide, II. 500d 

— chloride, organic compounds, 

II, 5106 

— hydroxide, II. 5106 

— nitrate, II, 510d 

— oxide, II. .510a 

, catalyst for oxidation of 

carbon monoxide, II, 347a, 
351d 

— selenate, II. 510c 

— sulphate in analy.si.s, II. 5106, 

047d; VI. 441c 
Cerin, II. 507a 
Cerine, II. 512a 
Gerinstein, II. 5126 
Gerite, II. 507a, ollh, .5126 
Cerium (see also ‘under Ceric, 
Cerous), II. 507a 

— azide, II. 5096 

— , del n.,potentioinetric, 1.7076 
— , — , volumclric. II. 0556 

— hydride, II. 50Sc 

— in photograidiy, IT. 511a 

— metals and earths, II. 5116 

— nitride, II. 5096 

— peroxide, II. olOd ! 

— phospliate, mineral. III. 120a 
— , qualitative reactions, II. 

5556, 5026, oGSc 
— , separation from rare earths. 
TI. 507f7. 5084 

— silicjite, 11, 507a 

— silicide. II. 507c 
Cerosig, II, 5166 
Cerosiline, II. 5166 
Cerotene, II. 5166 
Gerotic acid, II. 516c 
in arachis oil, I. 450o( 


Ceroticacid in beeswax, II. 507a 

brussels sprouts, II. 

119c 

in rice, II. 4946 

Cerotin, II. 516c 
Cerous acetylacetonale, II. 
5094 

— bromate, II. 5084 

— carbonate, II. 509c 

— chloride, II. 5084 

— cobalticyanide, II. 500c 

— dimethylphosphate, II. 5094 

— fluoride, II. 5084 

— halides, II. 5084 

— hydroxide, II. 509a 

— iodate, II. 5084 
nitrate, II. 5096 

— oxalate, II. 509c 

— phenoxide, II. 509c 

— sulphate, II. 5096 

— sulphide, II. 509a 

— tungstate, II. 509c 
Cerulignol, I. 6616 
Cerussite, II. 5164 
Gervantite, I. 440a 

Ceryl alcohol, II. 119c, 390c, 
516 c 

— cerotate, II. 51 Gc 
“ Cetiacol," II. 5164 
Cetine, II, 5164 
Cetoleic acid, III. 2476 
'• Cetosalol," II. 5164 
Cetyl alcohol, II. 517a 

— 4-glucoside, VI. 8Cc 
Cetylmalonic acid, II, 517a 
Cetyl palmitate, II. 51 G4 
Cevadilline, II. 517a 
Cevadine, II. 517a 
Ceylon oil, III. 239c 
Ceyssatite, III. 5794 

G function of combustion, V. 
24Gc 

Gbabazite, I. 1504 
Chailletia loxicaria, II, 517a 
Chain reactions, II. 533c ; IV. 

83a, 418a ; VI. 2604 
Cbairamidine, II. 517a ; III. 
128a, 1514 

Chairamine, JI. 517a ; III. 
128a, 1514 

Gbalcantbite, II. 517a ; III. 
,341c, 3.576 

Chalcedonite, II. 5176 
Chalcedony, II. 25a, 517c 
Chalcocite, II. 517c ; III. 341c, 
355a 

Chalcopyrite, II. 324, 517c ; 

III. 3‘llc 

Chalcosine (see also Chalco- 
cite), 11. 517c 
Chalcostibite, II. 518a 
Chalcotrichite, II. 518c ; III. 
459a 

Chalk, II. 220a, 518a 

— fertiliser, V. 74 a 
— , French, II. 518c 
Chalkone group, II. 518c 
Chalmersite, III. 455a 
Chalybite, II. 519c 
Chamazulene, I, 1194, 3Sla; 

II. 520a 

Chamber process sulphuric 
acid, II. 4236 

Chamoising process. III. 5516 
Chamomile, essential oil, I. 
1194, 3Slo; II. 520a 

— flowers, II. 520a 

, Chamomillol, II. 5206 
Chamosite, II. 5206 
Chamotte, II. 5201/ 


Champacol, VI. 142c 
Channa, II. 520c 
Ch’an su, II. 3886 
Chapman’s formula for es- 
plosion wave velocitv, IV. 
438c 

Charcoal, II. 309a. 310r, 311c 
— , activation, II. 333c 
— , active, II. 315c ‘ 

— , — , from bran, II. 024 
— , adsorption of carbon disul- 
pliide on, II. 3406 
— , animal, II. 31 Ic 
— , catalysis by, II. 1284 

— for gunpowder, IV. 4554 

— in respirators, II. 196 
— , Meiler, II. 3104 

— , peat, V. 360a 
— , retentivity, II. 31 Sa 
— , Urbain, II. 3I7a 
— , wood, II. 310c ; V. 3594 
Chard, II, 520c 
Chardonnet process, II. 47 14 ; 
V. 113a 

Charles's law, VI. 412a 
Chartreuse, II, 520c 
Chasing, V, 18Sc 
Chasmantherin, II. 2336 
Ghatterton’s compound, VI. 
1596 


Chaulmoogra (Chaidmugra). 

oil group, II. 5216 
Ghaulmoogric acid, IT. 5216, 
523c 

Ghavibetol, I. 087c 
Chavicin, II. 523c 
Chay-aver, see Ohay root. 
Chayote, II. 5244 
Chay root, II. 523c 
Chebulinic acid, VI. 8G4 
Cheddaring of cheese, II. 527fl 
— of rennet, 11. 4134 
Cheddites, II. 525a ; IV. 4036 
Cbeesa sticks, II. 5254 
Cheese, II. 5254 
“ Cheese,” cider pomace, HI. 
1244 

Cheese ripening, II. 5204 ; V. 
594 

Cbeirantbin, II. 3874, 5274 
Cheiranthus cheiri, 1. 1996 ; 
II. 527c 

Cbeirinine, II. 5274 
Cheirolin, II. 527c 
Chekiang, V. 330a 
Chelate groups, III. 32Sc 
Cheler3rl3irine, II. 5284 
Chelidonine, II. 5274, .5286 
Chelidonium majns, alkaloifh, 
II. 5274 

, borberine horn, I. 0206 


CheUak, II. .5294 
Ghellol, II, 5294 
— -glucoside, II. 5294 ; 1 1. 804 
Cbemawinite, I. 302c 
Chemical allinity, II. 530rt 

“ rThiaTirT5r»?,1 < lioTTrinmcter.’ 


241c 

Chemical warfare. III. 76 

defence. III, 18n 

Cbemick in cotton J)lc.achinc. 
II. 34 

Chemicking, II. Oa 

— plant, II. Sa „r 

Cbemilununescence, JU. 
Chemisorption in aniinen! > 

syntlifc-i'', VI. 2074 

— in cafalvsi"', II. -1224 ; 

37S6, 3S0c 

— on charcoal, VI. 21 16 


VI. 
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Chenodeoxycholic acid, I, 
6896 

Chenopodium ambrosioides, I. 
501a ; III. 24c 

Chenopodium, essential oil, 

III. 24c 

Cherimoya, III. 24d! 

Cherry, III. 25a 

— kernel oil, III. 25c 

Laurel,, essential oil. III. 

26a 

leaves, III. 26a 

“ Cherry pie,” VI. 1916 
Chert, III. 26a 

Chessylite, I. 583d ; II. 2oc ; 

III. 26c 

Chesting, V. 188c 
Chestnut, III. 26d 

— extract. III. 276 
Chevreul’s salt, and solution, 

IV. 2036 

Chian turpentine. III. 286 
Chia seed oil, IV. 866 
Chiastolite, I. 3706 
•Chicago acid, IV. 217a 
Chick pea. III. 296 
Chicle, 1. 120a ; III. 306 
Chicory, III. 306, 256a 
Chile saltpetre, II. 2346 ; III' 
31c 

“ Chili nitre ” for glassmaking, 

V. 560c 

ChiUies, 11. 2736 
“ Chilling ” of collodion, II. 
408d 

China clay, III. 195d 
in plastics, II. 4766 

— grass, III. 316 
Chinaphenin, III. 33a 
China-stone, III. 326 

— , mild purple, III. 32c 

— -wood oil, I. 1986 ; III. 33a ; 

IV. 82c 

, hydrogenation, VI. 

1856 


, prepn. for varnishes, 

IV. 896 

“ Chineonal,” III. 33a 
Chinese cabbage, II. 1826 
— vegetable taSow, III. 33a 
“ Chiniofon,” HI. 33d 
“ Chinoform," III. 33d 
“ Chinosol,” III. 33d 
“ Chinotropin,” III. 33d 
Chinovin, sugars, II. 287c 
Chinovose, II. 287c ; IV. 321a 
Chinquapins, III. 26d 
Chiolite, I. 264c, 2866 ; III. 

33d 


C^os turpentine resin, IH. 34 
Chirata, B.P., Chiratin, III. 34 
Cauretta, III. 34a 
Chitenine, III. 34a 
Chitin, III. 34a ; IV. 3146 ; V 
21c 

Ghitinase, III. 346 ; IV. 314i 
Chitobiose, III. 346 
Chitodextrin, III. 346 
Chitosamine, III. 34c 
^totriose, III. 346 
Chives, III. 34c 
Chloanthite, I. 469a ; III. 34c 
2146 


Chloral, III. 34d 
^oralamide. III. 35c, 36 
^oral hydrate, I. 1956 
^oralose, III. 35c 
tJhloramin, chloramine-T 
140a ; III. 36a 
Chloranil, HI. 366 


Chlorargyrite, II. 481c 
Chlorates, III. 666 
— , detn., gravimetric, II. 609d 
— ■■, qualitative reactions, II. 
576d 

Chlorazene, III. 366 
” Chlorbutol,” 1. 70c, 371c ; III. 
36c 

Chlorene, I. 86a ; III. 366 
“ Chhretone," I. 70c, 371c ; III. 
36c 

Chlorhydric ether, IV. 3586 
Chloride, bromide and iodide, 
qualitative separation (see 
also Halogens), II. 565a 

— of lime (see also Bleaclung 

powder ; Disinfectants), 
III. 60a 

Chlorides, qualitative re- 
actions, II. 5766 
Chlorination, Deacon’s re- 
action in, II. 354c 
Ghlorin-e, III. 826 
Chlorine (see also Halidas ; 
Halogens), III. 36c 

— as trace element, I. 505d 

— , bromine and iodine, sepn. 

and detn., II. 608a, 659c 
— , detection of gaseous, II. 
5766, 683a 

— , detn., gravimetric, II. 606d 
— , — in hydrogenation analysis, 

VI. 3626 

— , — of gaseous, 11. 683a 
— , — , volumetric, II. 657c 

— eth oxide, IV. 363d 

— in flour, II. 81a 
warfare. III. 9a 

— , reaction with carbon disul- 
phide, II. 353a 

— , — ^ monoxide, II. 350d 

Chlorisol, III. 776 
Chlorite and hypochlorite, 
detn., volumetric, II. 009d 
— , mineral, III. 5716 
Chlorites, qualitative re- 
actions, II. 576c 
Chloroazide, I. 5816 
“ Chlorocalcite,” I. 585d 
Chlorocruorin, III. 776 ; VI. 
108c 

— in worms, II. 20a 
Chloroform, III. 776 
— , ansesthetic, I. 367c 
Chloroformaldoxime, V. 3836 
Chloroform, chemiliuninescent 

reaction -with hydrogen, 
III. 236 

Chlorogenic acid, II. 190d, 
1986 ; III. 79c, 254d 
Ghlorogenine, I. 263c 
Chloropnycese, pigments, I. 200d 
Chlorophyll, III. 80a 
Chlorophyllase, III. 81c, 85a ; 
VI. 3986 

-Chlorophyll derivs. in mineral 
oils, VI. 165a 
Ghlorophyllides, III. 81c 
:soChlorophyllin-a, III. 826 
Chlorophyll, Ulolisch test. III. 
84d 

— , relation to blood pigments, 
II. 20c 

Chloropicrin, III. 11a, 856 

— fumigation, V. 3976 

— in warfare. III- 86, 10c, 136 

'• Chloroprene, historv, I. 746, 

I 87c 

— production, I. 89a ; II. 1 55d 

— polymer, II. 153d ; IV. 93c 


Chloroquinol, III. 86a 
Chlororuhine in chav root, 
II. 523d 

Chlorosis of rice, H. 502a 
Chlorosulphonic acid in war- 
fare, III. 11a 

, prepn., II. 350a 

“ Chloroxyl," IIi: 85a 
Chloroxylonine, III. 85a 
“ Chlorylen," III. 86a 
“ Ghochitzapotl,” II. 417d 
Chocolate, III. 86a 

— fats, IH. 886 
Chocolite, V. 430a 
Choke-damp (after-damp), II. 

323d, 344c 
Cholam, II. 482c 
Cholanic acid. III. 906 

, tetrahydroxy-, I. 690a 

al/oCholanic acid, II, 383a 
Cholanthrene, carcinogenic 
activity, II. 380a 
Cholelyse, III. 88d 
Cholestandione, HI. 90c 
pseudoCholestane, III. 91c 
Gholestanedione, HI, 89d 
90c 

Cholestanol, III. 896 
Cholestanonediol, III. 89d 
Cholestanonol, HI. 89d, 90c 
Cholestantriol, III. 89d 
Cholestene, HI. 916 
Cholestenone, III. 8Dd, 90a 
Cholesterilene sulphonic acid, 
II. 203a 

Cholesterol, I. 690a ; II. 201d ; 
HI. 88d 

— deficit in pellagra, II. 4886 

— derivs., altered nomencla- 

ture, III, 91c 

— in raw wool, II. 12c 
— , ring .structure, II, 906 

— , structure of side chain, III. 
90a 

al/oCholesterol, HI. 91c 
rsoCholesterol, HI. 92c 

— in raw wool, H. 12c 
Cholesterophm, III. 92d 
Cholic acid, I. 6896 

, dehydrogenation. III. DQd 

in cancers, H. 380a 

Choline, acetyl-, IH. 03c 
— , — , bromide, I. 736 
— , — , chloride, I. 736 
— , — , hydrolysis, H. 2006 
— , — , in ergot, IV. 331d 

— and related substances, HI. 

92d 

— -esterase, III. 93d, 946 
, inhibition of, II. 2006 

— in cabbage, II. 182d 

Diciammts albus, III. 002c 

Cholum, II. 482c 
Chondodendrine (chondro- 
dendrine), IH. 94d 
Chondodrine (cbondrodrine), 
HI, 94d 

Chondrin, IH. 94c ; V. 509d ; 
VI. 25d 

Chondrodendron iommilosum, 
HI. 459d 

Chondroitin, III, 94d 
Chondrosamine, HI. 94d 
Chondrus crispus, I. 1996 ; H, 
403c 

Chopin extensimeter, II. 786 
Chopping nut, II. 198d 
“ Ghorogi,” I. 497a 
Chromammonium com- 
pounds, HI. 1146 
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Ghromanone, 3-}iomoverairyl- 
7-mol/lioxy-, II. lid 
Chromate, detn,, see Cliromium, 
dein. 

Chromates and dicliromates, 
HI. 1105 

— , qualitative reactions, 

II. 5G4c, 575e, 5805 ; IV. 
1735 

' — , iJi’oduction, III. 103a 
Chromatographic analysis, II. 
028a 

of carotenoids, II. 3085 ; 

III. 80d 

dyeings, IV. 17 4c 

Chrome alum, III. lOOd 

— ammonit explosive, IV. 554d 

— -iron-ore. III. 94d 

— spinel, I. 204c 

— steel, III. 105c 
Chromic acid, III. lOld 
, detn. and reactions, see 

under Chromates ; Chro- 
mium. 

, electrolysis, III. 975 

, electrolytic regeneration 

from chromium salts, IT. 
250d: 

— anhydride, sec Chromic acid. 

— hydroxide, III. 1085 

— salts, see under Chromium. 
Chroming, definition, IV. 128c- 
Chromite, III. 94d, 965 
Chromium (see also under 

Chrome ; Chromic ; Chrom- 
ous ; Chroinyl), III. 96a 
— , active and passive. III. 98c 
--alloys, HI. 103d 

— -aluminium alloys, HI. 103d 

— and aluminium, analytical 

separation, VI. 2995 

— as trace element, I. 605d 

— azide. III. 109d 

— borides, IT. 44o ; HI. 1105 

— carbide, H. 281a ; HI. 104d 

— -carbon alloys, HI. 104d 

— carbonyls, H. 3575 ; HI. 99d 

— chlorate, III. 101c 

— chloride and Grignard re- 

agent, H. 357c ; HI. 99d 
its hydrates, HI. 108c 

— chromate, III. lOld 

— -cobalt alloys, HI. 104c, 217a 

— -copi^er alloys, HI. 104c 
— , detn., assay, I. 522d 

— , — by electrodeposition or 
electrolysis, H. 701a 
— , — , colorimetric, II. 670d 
■ — , — , gravimetric, H. G05a 
— , — in chrome steel, H. 655d 
— , — , potentiomctric, IT. 706a 
— , — , volumetric, II. 655c 
— , — , — , Mn present, II. 002c 

— dioxide, III. lOld ' 

— , drop reaction, IT. 5805 ; HI. 
90c 

— , electrodeposition, IV. 2675 

— fluoride, HI. 109c 

— hydride, HI. 99d 
iron alloys, HI. 1055 

• — lakes in dyeing, IV. 1415 

— -molybdenum alloy, HI. 

104d 

— -nickol alloy. III. 1 045 

— nitrate, HI. 110a 

— nitride, HI. 109c 

— oxalates, III. 1155 

— oxide, III. 1005 

— phosphate, HI. 100a 
platinum alloy, HI, 1 04a 


Chromium, qualitative re- 
actions (see also Chro- 
mates), H. 552a, 5765 
— , , rare metals present, 

H. 554a, 556d 

— silicofluoride, HI. 109c 

— steel, see Chrome steel. 

— sulphate and its hydrates, 

HI. 1005 

— .-zinc alloy, HI. 103d 
oxide catalyst in methanol 

production, II. 350a, 425c 

— paraffin produc- 

tion, H. 3505 
Chromoform, HI. 115c 
Chromogen, HI. 308c 
Chromone, HI. 115c 
Chromophores, HI. 3085 
Chromosphere, VI. 3095 
Chromotrope, HI. 115d . 
Chromotropic acid, HI. 115d ; 

IV. 20.5d 

Chromous bromide, HI. 1095 

— chloride, III. I07d 

— iodide. III. 1095 

— oxide, m. 1065 - 
Chromyl chloride or chromyl 

dichloride, HI. 102c, 109a 
Chrysaniline, I. 131a, 133a 
Chrysanthemin, HI. 115d ; 
IV. 260a 

Chrysarobin, HI. 1165 
— , triacetyl-, IV. 402a 
Ghrysatropic acid, HI. 117d 
Ghr 3 rsazin, I. 212d, 2225 
— , diamino-, I. 205c 

— -2:7-disu]phonic acid and Na 

salt, I. 3905, 392d 
— , liydrqxy-, I. 212d, 225d 
Chrysazins, dihydroxy-, I. 
227a 

Chrysazin, 2:4 .•5:7-tetranitro-, 

I. 2285 

— -2:4:5:7-tetrasulphonic acid, 

1.3905 

Chrysene, HI. 118a 
Chrysin, HI. 118d ; VI. 975 
Chrysoheryl, I. 2G4c, 085a ; 

HI. Il9a ; VI. 13c 
Chrysocolla, HI. 1195, 341c, 
355d 

Chrysoeriol, IV. 333d, 3345 
Chrysogep, I. 384d, 385a ; HI. 

119c 

Chrysogenin, V. 54d 
Chrysolite, HI. 119d 
Chrysonaphthazine, I. 568a 
Chrysophenic acid, I. 433a ; 
III. Il6c 

in Cascara sagrada, II. 

410d 

Chrysophanol, III. 116c 
Chrysoprase, IT. 517c 
Chrysoqaiinone, III. llSd 
Chrysotile, I. 409d 
Chrysotoluazine, I. 568a 
Chufa, HI, 119d 
Churchite, HI. 120a 
“ Churi butter,” I. 654a 
Chymase, HI. 120a 
Chyme, I. 6905 
Chymotrypsin, HI. 120a ; IV. 

* 311d 

Ciba electrolytic cell, II. 545, 
67o 

“ Cibacet ” dyes, I. 42a 
“ Cibanone ” dyes, HI. 1205 
Cichorigenin, III. 1205 
Cichoriin, III. 1205 
Gichorin, HI, 413a 


Cichorium endiva, IV. 308a 
■ — • inlyhus, III. 305 
Cicutoxin, HI. 1205 
Cider, HI. 120c 
— , blackening, HI. 1275 
— siclcness, HI. 127a 
C.I.E., colorimetric standards, 
HI. 299c, 301a 

“ Cignolin,” I. 433a ; HI. 117c, 
120c, 127d 

Cimicifuga raccniosa, I. 137a 
“ Cincaine,” III. 127d 
Cinchamidine, III, 128a, 152a, 
1625 

Cinchene, HI. 1385, 158c 
Cincholoipon, HI. 1405, 164c 
homoCincholoipon, synthesis, 
HI. 144c 


— ester, N-benzoyl-, III. 146a 
Cincholoiponic acid, HI. 138a, 

1405, 141c, 159d - 

Cinchomeronic acid, HI, 127d 
Cinchona aUialoids, III. 127d 
, extraction and estima- 
tion, HI. 130a, 1315 

— — , structural formulce. III. 

137c 


, totaquina detn., B.P. 

■ method, HI. 1325 

, , Committee method; 

HI. 133a 

— bark, analyses and methods, 
HI. 129a, 1315 

, history, III. 127d 

, variety, 11. 2345 

” Cinchona febrifuge,” HI- 
169a 

Cinchonamine, III. 128a, 162a 
Cinchona, Senegal, H. 1985 
Cinchonhydrine, a- and j3* 
HI. 157c 

Cinchonicine, see Cincho- 
toxine. 

K - iso-i/r - Cinchonicine, III. 
166c 

Cinchonidine, acetyl -, HI. 
1535 

Cinchonidine and quinine tar- 
trates, polarimetry, HI- 
133c 

— , derivs. and salts. III. 1526 
— , reaction -with mineral acids, 
HI. 150a 


— , separation from quinine, 
HI. 1315 

- or y-Cinchonidine, HI. 153c 
poGinchonidine, HI. 153c 
soCinchonidine, HI. 153c 
linchonigine, HI. 156d 
linchonilene, HI. 1565 
linchoninal, HI. 140a, 158«! 
linchonine, HI. 128a, 1546 
— , acetyl-, HI. lS5d 
— , benzoyl-. III. 155d 
— , reaction with mineral acids, 
HI. 150a 

— , structural formula, HI. 142a 
7/oCinchonine, HI. 157a 
i-isoCinchonine, HI. 1566 
-tsoCinchonine, HI. 156c 
-Cinchonine, HI. 167c 
iseudoCinchonine, HI. 
linchoninic acid, HI. 138a, 
141c, 159a , 

Cinchonino,” HI. 127 d, l ‘26 

T -• TTT 1QS;> 


. J, 

Cinchophen (see also mio- , 
pJian”), I. 539c; IH. 
85b, 178d 
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Cinchotenidine, III. 139(1, 
1546 

— from cinclionidine. III. 152(1 
Ginchotenine, III. 139(1, 159o 
Cinchoticine, III. 163c 
Cinchotine, HI. 162d! 
Cinchotinetoxine, III. 163e 
Cinchotoxine, III. 128a, 142(1, 

157(1 

a-Cinenic acid, III. 179c 
Cineole from cajuputol, II. 
198c 

Cineole in cardamoms’, II. 381a 

essential oils, II. 2496, 

269c ; III. 1796, 198(1 

— from Eucalyptus spp., II. 

256 ; IV. 3906 
l:4-Gmeole, III. 179a 
l:8-Gineole, III. 1796 
Gineolic acid. III. 1796 
Cinnabar, III. 179(1 
— , Austrian, I. 550a 
Cinnaxnaldehyde, III. 180a 

— in cassia oil, II. 418(1 

cinnamon. III. 1836 

Ginnamein, I. 616c 
Cinnamic acid, I. 196a ; III. 

180c 

, detection in butter, II. 

167(1 

, food, V. 3016 

, detn.. III. 181a 

, 3:4-dihydroxy-, II. 196(1 

in condensation re- 
actions, III. 181c 

, o-nitro-. III. 181(1 

, polymerisation, photo- 

effect, III. 1816 

, prepn., II. 364(1 

aZ/oGinnamic acid. III. 1816 
Cinnamic acids, cis-, and 
trans-, III. 1816 
alcohol, III. 181(1 
Cinnamomum camphora, II. 
240(1 ; IV. 46 

— cassia, I. lid 

— spp., eugenol from, IV. 394c 
, — methyl ether from, 

IV. 394d 

Cinnamon, III. 182a 
• — bark, essential oil. III. 183a 
— , cinnamaldehyde in. III. 180a- 

— leaf, essential oil. III. 1836 

stone. III. 183c 

Ginnamyl alcohol. III. ISOc, 

181d 

— esters. III. 181d 
Ginobufagin, II. 38Sa 
Gmobufotoxin, TI. 3886 
Cinogenic acid. III. 1796 
“ Cisalfa,” V. 113d 

“ Citobaryum," HI. 183c 
Gitraconic anhydride, HI. 
185d 

Citral in citron oO, HI. 191a 
— , reduction, H. 426d 
Citrals, III. 183c 
cycZoCitrals, III. 1846 
Citraptene in citron oil, HI. 
191a 

Citrates, qualitative reactions, 
II. 5706 

Citraurin, II. 4016 ; HI. 184d 
Citric acid, HI. 185a* 

, qualitative reactions, II. 
5706 

Citrinin, V. 54d 
Citromycetin, V. 53d 
Citron, III. 190c 

— (cedrat) oil. III. 190d 
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Citronella,- essential oil, HI. 

191a 

Citronellal, HI. 1846, 191c 
— , hydroxy-, VI. 401d 
Citronellic acid in citronella 
oil, HI. 1916 

Citronellol, HI. 1846, 1926 

— in camphor oil, H. 2496 

— production, H. 426d 
Gitronellyl esters, HI. 1936 
Citronin, VI. 86d 
Gitrulline, I. 3186 ; HI. 1936 
CitruUus colocynthis, HI. 294a 
Citrus, VI. 90a 

— auraniium, I. 683 ; III. 184d 

— decumana, VI. 926, 120a 
Citrus juice, HI. 186d 
Civet, H. 174d ; HI. 193c 
Givetone, HI. 1946 
Glaisen condensation with 

boron trifluoride catalyst, 
VI. 259d 

— reaction, II. 365d 
Glarain, V. 351a 
Claret, Caledon, R, I. 4276 
Claricepsin, IV. 331d 
Clarifoil, III. 1946 
Clarit, HI. 1946 

Claude synthetic ammonia pro- 
cess, I. 337c 

Glaudetite, I.- 469a, 4706 
Claus and Volz, o-acid of, I. 
658c 

Glausnizer and Wollney ex- 
tractor, IV. 581d 
Clausthalite, HI. 1946 
Claviceps purpurea, IV. 326d 
Glavicepsin, HI. 1946 ; IV. 
331d 

Clay, HI. 1946 

— , blue, diamond-bearing, II. 
3096 

— , chemical analysis. III. 2006 
^og bricks, H. 360d 

— -iron-stone, II. 519d 
Clayite, HI. 196a ; 2046 
Clay products in building, H. 

123c 

slate, VI. 126c 

Cleansing in brewing, H. 100c 
Glematine, I. 577a 
Cleveite, II. 106a ; HI. 204c 
Cleveland slag, II. 145a 
Cleve’s acids. III. 204c 
Cliftonite, H. 315a ; HI. 574c 
Climbing film evaporator, IV. 
4106 

Clouds, particle sizes in, IV. 95a 
Clove, III. 204c 
Clovene, clovenic acid, IT. 410c 
isoGlovene, II. 410c 
Clove oil, IV. 394c 

, caryophyllene in, II. 

408d 

Clover, HI. 205c 
— , crimson, glycoside in, VI. 
906 

— flowers. HI. 206a 

— meal, IV. 5966 

Cloves, essential oil, HI. 2076 
Clupanodonic acid, IV. 856 

, reduction, VI. 225a 

Clupeine, I. 459c ; III. 207c 
Cnicin, IT. 480c 
Coacervation, HI. 291 a 
Coagels, III. 291o 
Coagulation of blood, II. 22c 

hydrophilic sols, HI. 2866 

hvdrophobic sols. III. 
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Coal, Admiralty steam, V. 3436 

— analysis, rapid methods, I. 

531c 

— ash, V. 350a 

, composition, V. 449c 

— , benzene extraction, V. 354a 
— , blind, 11. 19a 
— , bright, V. 350(Z 

— briquettes, V. 3606 

— , caking index, V. 3476, f.-n. 
— , cannel, V. 3476, 437c 

— carbonisation (see also Car 

bonisation ; Coal, deslruc 
tive distillation of ; Coke 
manufactm’e ; Fuel ; Gas, 
coal ; Gas, water), V. 351c 

, chemical changes in, V. 

4496 

, continuous, in vertical 

retorts, V. 443(Z 

, high temperature equili- 
bria, V. 451(Z 

, high temperature pro- 
ducts, V. 4526 

in coke ovens. III. 200d ; 

V. 446c 

inclined retorts, V. 

443a 

, intermittent, in vertical 

retorts, V. 4436 

, producer gas heating in, 

V. 439d 

, primary decomposition 

in, V. 449c 

retorts, horizontal, V. 

439a 

, secondary decomposition 

in, V. 451a 

to active charcoal, H. 

316a 

— , chemical, composition, V. 
335c, 3496 

' — classification, V. 340c 
— , composition and constitu- 
tion, V. 3496, 350a 
— , critical temijerature, V. 352c 
— , decomposition point, V. 352c 

products, nitrogen in, V. 

353a 

, sulphur in, V. 3536 

— , destructive distillation of 
(sec also Coal carbonisa- 
tion ; Coke' manufacture ; 
Ifuel ; Gas, coal), H. Slid 
— , dull, V. 350d 

dust explosions, IV. 1086 

— , efficient combustion, V. 
359a 

— , extraction with solvents, V 
353c 

— , extrinsic mineral matter in, 
V. 349(Z 

fields, British, V. 8446 

of Germanv and Poland, 

V. 347c 

J_ of U.S.A., V. 347(3 

— flotation, V. 26Sa 

— formation, V. 333c, 3356 

— gas, see Gas, coal. 

— , gasification,' V. 351c, 307c, 
472(3 

— , geographical distribution, V. 
333(3,-3446 

— , hvdrogenation, H. 425(3 ; 

VI. 364c, 371c 

, Bergius plant for liquid 

phase, VI. 305(3 

catalysis, VI. 368a 

, vapour phase treatment 

of middle oil, VI. 305(3 
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Goal, intrinsic mineral matter 
in, V. 3i9d 

“ Coalite ” process, V. 365c 

, oils from. III. 423d ; V. 

305d 

Coal, liquid, fuels from, V. 37Sa 
— , “ mineral charcoal ” in, V. 
350d 

“ Goal, mother of,” V. 350d 
Goal, nitrogen content, I. 339a : 
V. 350c 

— , occluded gas in, V. 349c 
— , occurrence, V. 333 

oil mixtures as fuel, Y. 364a 

— “ oil point,” V. 351d 
— , parrot or cannel, V. 3476, 
437c 

— , ptdverised, V. 361a 
— , — , in Diesel engines, V. 
3636 

Goals, anthracitic, V. 340a 
— , bituminous and semi- 

bituminous, Y, 340a 
— , brown, V. 338c 
— , classifications, V. 340c, 437c 
Goal, spontaneous ignition, V. 
Sold 

Coals, steam, V. 437c 
— , sub-bituminous, V. 338c 
Goal storage and self-ignition, 
V. Sold 

— substance, degradation, Y. 

355c 

, thermal decomposition, 

V. 351c 

Goal tar. 111. 207c, 2626, 2646 

, analysis, III. 214a 

benzole for motor spirit, 

ni. 212c 

, inhibiting gum for- 
mation in, III. 212c, 267d 

, carcinogenic action, II. 

3786 

, constituents. III. 207c, 

208a 

, Dillamore tower, V. 447 

distillation, III. 209a 

fractions, anthracene oil, 

III. 2116 

, benzole. III. 2116 

, carbolic oil. III. 2116 

, creosote oil. III. 211d 

, light od, m. 2116 

, middle od, IH. 2116 

, naphthalene. III. 212d 

, phenols. III. 212d 

, pitch, III. 212d 

, resinoids. III. 212d 

in road construction, III. 

213a 

output from low tem- 

perafme carbonisation, V. 
365a 

in gas manufacture, 

V. 453a 

, pipe still. III. 210c, 

211a 

pitch, III. 2086, 212a 

, pot stdl. III. 209c 

— tars, hydrogenation, I.C.I. 

plant, VI. 371d 

— ulmins, V. 353a 

— , yaluation, V. 357a 
Goating compositions, emul- 
sions'for, IV. 302d 
Gobalt, III. 2146 

— adoys, m. 104c, 216c 

— aluminate, II. 256 
Gobaltammine salts, III. 

2216, 3300-3356 


Gobalt anamonium phosphate, 

III. 2106 

— antimonides. III. 220d 

— arsenate, hydrated. III. 2146 

— arsenides, IIL 220c 

— as trace element, I. 505d 
— , black earthy. III. 2146 

— bloom, I. 469a ; III. 2146, 

222c; IV. 335c 

— carbide, II. 281c 

— carbonyls, II. 357a ; III. 

220 d 

— catalyst in cracking pro- 

cesses, III. 217d 

— complexes with catechol, II. 

431a 

— , detn., assay, I. 523a 
— , — , colorimetric, II. 671a 

, electrodeposition method, 

II. 700d 

— , — , grayimetric, II. 612a 
— , — , yolumetric, II. 656a 

— driers. III. 222a 

— , drop reaction, II. 5806 
— , electrodeposition. III. 211 d; 

IV. 266d 

— extraction. III. 214c 216a 
glance, III. 2146, 222c 

— hydroxides. III. 218a 
Cobaltic oxide, III. 218a 
Gobalt in enamels. III. 220c 
Cobaltite, I. 469c ; HI. 2146, 

222 c 

Cobalt “ linoleate,” m. 2226 

— matte. III. 214d 

— nitrate, dry reactions, II. 

548a 


— nitrides, IH. 220d 
Cobalto-cobaltic oxide Co.O., 

III. 218a 

Cobalt ores. III. 214c 
Cobaltosic oxide, lU. 218c 
Cobaltous oxide, III. 218c 
Gobalt oxide catalyst for oxi- 
dation of carbon monoxide, 
II. 347a 

in motor fuel produc- 

tionfrom water gas, II. 425d 
production of ole- 
fins, II. 350d 

in ceramics. III. 220a 

glassmaking, II. 558c, 

561c, 585a 

- pigments. III. 218c 
-, properties, III. 216a 

— pyrites. III. 2146 
qualitatiye reactions, II. 

548c, o52d, 553a. 578a 

— , .raremetals present, IT. 

554a, 556d 

- resinate, prepn.. III. 222a 

— salts, ni. 2216 

- silicides. III. 220d! 

— smelting. III. 214d 

— speiss. III. 214d, 219d 

- sulpharsenide. III. 2146, 222c 

- sulphates. III. 221c 

- sulphides. III. 220c 

— stannate, II. 25c 

— “ tungate,” III. 222a 
Cobb’s process, I. 341a 
“ Co6/ac,” II. 480c 
Cocaine and alkaloids of Ery- 
throxylum species, I. 369a ; 
ni. 222d, 224a 

— , y- and 8-isatropyl-, HI* 222d 

— borate, II. 50c 

— , cinnamoyl-, III. _222tf, 224c 

— group, physiolo^cal action, 

m. 2266 


Cocaines, constitution, HI 
225a 

— , synth^es. III. 2256 
Coca leayes, analyses. III. 2234 

, export. III. 223c 

, extraction, HI. 2236 

Gocamine, fsococamine, III, 
224c 

Co-carboxylase, V. 18c 
Coccerdc acid and coccerinic 
acid. III. 2306 
Goccerin, III. 2306 
Gocceryl alcohol, III, 2306 
a-Coccinic acid. III. 2286 
Coccinin, coccinone. III. 2284 
Cocculin, I. 370a 
Cocculus indieus, C. spp . , 1, 370a ; 

ni. 230c, 4606 ; IV. 524 
Coccus cacti, III. 226c 
Cochenillic acid. III. 2286 
Cochin China wax, IV. 4a 
Cocklearia armomda, VI. 96a, 
2804 

” Cochin on,” ID. 2396 
Cochineal, III. 226c ; 17.1266 
— , dyeing properties. III, 230a 

— fat and wax. III. 2306 

— indicator, II, 6394 
Cocinic acid. III, 230c 
Coclaurine, HI. 230c . 

I Cocoa (cacao). III. 2304 

— albuminoids. III. 2354 

— alkaloids, II, 197a 

— Broiyn, III. 236a 

— butter, II, 159c. 1834 ; III. 

2336 

, adulteration analysis, 

III, 234a 

— fermentation, III. 231c, 232o 
— , mineral matter in, III. 

236c 

Cocoanut, see Coconut. 

Cocoa plum, VI. 410c 

— Red, III. 236a 

— , roasted nib. III. 233c 

— sheU, III. 236c 
Cocoas, soluble, HI. 2324 
Cocoa starch, III. 236a 

— tannin. III. 236a 
Coconut, III, 237a 

— butter, II. 159c 

— oil as adulterant in cacao 

butter, II. 18Ta 

— . — group, HI. 238a 

in chocolate. III. 88c 

press cake. III. 2406 

— oUs, analyses. III. 240a 

— on, wax horn. III. 2404 

— olein, in. 2426 

— parings oil, IH. 241a 

“ Coconut poonac,” III. 2396 
Coconut .stearin. III. 212a 

as adidterant in cacao 

butter, n. 181a 

in candles, II. 2646 

Gocositol, III. 2446 ; VI. 49o4 
Cocos nucifera, C. spp., IH* 
237a, 238c, 2446 
Codamine, III. 2446 
Go-dehydrogenase, I and H, 
V. 154, IGa 
Codeine, III. 244c 
— , acetyl-, 1. 12c 
^ — methylbromide. IV . 3926 
Codeinone, dihydroxy-, hydro- 
chloride. H. 4006 
” Codeonal,” 111. 244c 
Cod-liver oh. 111. 244c 

as feeding stuff, 1' • 

591b 
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Cod-liver oil, emulsification, 

II. 403c 

— oil, see Cod-liver oil. 
Gcelestine, III. 250c 
Coelin-blau, II. 25a 
Co-enzyme factor, V. 346 
Co-enzymes, III. 250c ; V. 

156 ; VI. V56 

of alcoholic fermenta- 
tion, V. 156 ; VI. 74a ' 
Coerulein, I. 229c 

— B and S, I. 229d: 
Cceruleum, II. 25a 
Ccerulignone, II. 440d 
Coffea arabica, C. paniculafa, 

III. 2516, c 
Coffee, III. 2516 

— , adulteration. III. 255c 
— , alkaloids, II. 197a 

— bean oil and u’.ax. III. 257c 
— , decaffeinised. III. 257a 

— , detection of chicory in. III. 
250a 


— substitutes. III. 2576 
Coffey still, I. ITOd 
Cognac, II. 036 

“ Cognac oil,” II. 636 
Cogon grass, II. 407c 
‘‘ Cogwheel-ore,” II. 53d! 
Cohenite, II. 280c, 480c 
Cohosh, Black, 1. 137a 
Cohune nut. III. 257d 

oil. III. 243d! 

Coir, III. 239a, 258a ; V. 15Sd 
Coke manufacture and the 
recovery of by-prod\icts 
(see also Carbonisation ; 
Coal carbonisation ; Fuel ; 
Gas, coal ; Gas, water), 
III. 258c 

— oven gas iitilisation, I. 335a : 

III. 208d 

— ovens and by-prodiict re- 

covery, III. 258c 
— , semi-, V. 304d, 367a 
■ — , vertical retort, dense, V. 
443c, 4466 

Cola-catechin, II. 438d 
Colamine, III. Ola 
Colburn and Libbey-Owens 
window-glass drawing ma- 
chine, V. 5936 
Colchicelne, III. 277c 
Colchicinic acid, III. 278a 
Colchicum and colchicine, III. 
2766 

— , Liliaccw snp. containing, 
ni.276c 

— , physiological action. III. 
2786 

Colcothar (sec also Caput inor- 
hium), III. 278c 
Golemanite, borax manufac- 
ture from, II. 40a, 46d', 496 
— , boron mineral, II. 30c, 356, 
48c; 111.278c 

Collagen, II. 276 ; V. 5016 ; 
VI. 216 


“ Collargol," III. 278d, 2SSa 
Collectors (flotation proces 
y. 263f?, 207a 

Collidine from acetylene a 
ammonia, I. 84c 
Collidines, III. 278rf ; IV. 37 
Collin, III. 278d 
"Colliron," III. 278f7 
Collision number in a gas, 1 
2276 


the liquid phase, VI. 

220d 


Collodion, II. 4466, 4686 
— , coating on photographic 
film, II. 450a 

— cotton (sec also Nitrocellu- 

lose), II. 467(1 ; IV. 5106 
— , flexible, II. 261a 

— lacquers, II. 468<i 
Gollodium, see Collodion. 
Colloidal fuel, V. 364a 

— particles, size and shape, I. 

160o ; III. 288d!, 289a 
Colloid dispersion by solubility 
reduction, HI. 2Sla 

solvent change. III. 

281a 

— dispersions. III. 279d 

— equivalent. III. 284d 

— formation by chemical re- 

action, III. 2816 
simultaneous conden- 
sation, III. 2816 

— mills. III. 280d ; IV. 298a 

— stability. III. 2S4d 
Colloids, III. 278d 
— , caseinate, II. 414c 

— , electrical properties, III. 
2836 

— , gold numbers. III. 2876 
— , hydrophilic, HI. 279(7, 2806, 
291d 

, antoprotection. III. 292(7 

, effect on solubility, cry- 
stallisation and chemical 
reaction, HI. 292(7 
— , hydrophobic. III. 279(7, 
2846, 2856 

— , lyoplulic, III. 279d! 

— , lyophobic, HI. 270(1 
— , mechanical dispersion, III. 

280(7 ; IV. 298a 
— , osmotic pressure, HI. 288a 
— , peptisation, HI. 28 la 
— , prepn., HI. 280(7 
— , purification by dialysis, HI, 
2Slc 

Collophanite, HI. 294o 
” CoUoresin,” H. 480a 
“ CoUoresin DK," IV. 178c 

in calico printing, IV. 

180(7 

Golocynth {colocynlhis). III. 
294a 

Cologne earth, HI. 456a 
Colophony, I. 2a ; III. 2946 
" Coloran B7 ” HI. 295(7 
Colorimeters and colour com- 
parators, HI. 295(7 
— , Autenrieth - Kdnigsberger, 
III. 3046 

— , Donaldson, HI. 2986 
— , Duboscq, III. 303(7 
— , Eastman, HI. 3036 
— , Guild, III. 297(7 
— , Lovifaond, HI. 3026 
— , Nutting, III. 301c 
— , Ostwald, HI. 301c 
• — , Patterson, III. 303(7 
— , Prest, III. 301c 
— , Pulfrich or Stupho, HI. 
304d 

— , Bichter, HI. 298(7 
— , Schreiner, HI. 303(7 
— , Van den Bergh-Grotepass, 
III. 304c- 

— , Wright, III. 298(7 
Colorimetric analysis, II. 6696 
Colorimetry, photoelectric 
cells in. III. 300c, 305c 
— , trichromatic coefficients, 

III. 296(7 
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Colour and chemical constitu- 
tion, HI. 3066 

quality. III. 296(7 

Columbamine, II. 2356 
Colxrmbin, II. 2356 
Columbite, III. 309c 
Golumbium (niobium). III. 
309(7 

Combustion, effect of water 
vapour, V. 237a 
— , photo - sensitisation, IV. 
4186 

— , pre-flame, IV. 4176 
— , slow, IV. 417c 
— , — , of simpler hydrocarbons 
IV. 418c, 4196 
Comenic acid, V. 48c 
Comfrey, HI. 313c 
Commelina communis, I. 500c ; 

III. 554c 

Commiphora spp. gum resin, I. 
658c 

Composition exploding, IV. 
485a 

“ Compound ” (lard), IV. 2536 
Compound cakes and meals, 

IV. 595(7 

“ Compral,” HI. 313c 
Gonaraebin, I. 454c 
Conchairamidine, III, 128a, 
160a 

Conchairamine, III. 128a, 
1006 

Concrete, II. 147a 
Concusconine, HI. 12Sa, 100c 
Condensation, types of. III. 
321a 

Condensers, III. 313(7 
— for metal vapours, HI. 320a 
— , history, III. 313(7 
— , jet, large-scale. 111. 319c 
— , laboratory, double surface, 
III. 310(7 

— , — types, HI. 310a 
— , reflux, III. 3186, 3216 
— , surface, large - scale. III. 
319a 

— , theory, III. 320c 
Condruango, condurungin, 
III. 321c 

Gonduransterin, HI. 321d 
Conduritol, III. 321c 
Condmrrite, IV. 55c 
Condy’s fluid, III. 321(7 
Conessidine, III. 322c, 3236 
Conessimine, tsoconessimine, 
III. 322a, 6, (7, 323n 
Conessine, III. 321(7 
apoConessine, 111. 324a 
Conglutin, III. 3246 
Conhydrine, HI. 3246, (7, 3256, 
pseudoGonhydrine, III. 325a, 
320a 

Coniceines, III. 324(7, 325c 
Coniferin, III. 3246 
Coniine, cl- and 7-, III. 325a 
Coniinum purum. III. 324(7 
Conimine, III. 322(7, 3236 
Conixun alkaloids, III. 324c 
Conium maculainm, III. 32'jc 
Conkurchine, III. 3236 
Connellite, III. 3266 
— , relation to buttgcnbachite, 
II. 108(7 

Conquinmnine, HI. 12Sa, 100c 
Conquinine, III. 1096 
Conrady method of weighing, 
I. G13c 

Constantan, III. 326c 
“ Constructal,” 1. 277a 
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Contact angles, V. 264a ; VI. 
506^ 

Continuous phase, III. 2795 
“ Contramine,” III, 326c 
Convallamarin, II. 387a ; III. 
326c 

Convallaria majalis, glycosides 
II, 387a ; III. 326c 
Convallarin, II. 387a ; III. 
326c 

Convallatoxigenin, II, 3876 
Convallatoxin, II. 3876 
Convergence temperature, III. 
4436 

Convicine, III. 326c ; VI. 8Qd 
Convolamine, III, 327a 
Convolvicine, III. 3276 
Convolvidine, III. 3276 
Convolvine, III. 327a 
Convolvulin, III. 326c ; VI. 
87a 

Convolvulus batatas, I. 655«Z 

— orizabensis, VI. 90c 

— pseicdocantabricus, alkaloids 

of. III. 326cZ 
Conyrine, III. 325c ^ 
Cooking fats, IV. 253a 
Cook's alloy. III. 327c 
Cool flames, IV, 422c 
Cooperite, minerals and alloy, 

II. 327c 

Cooppal's powder, IV. 519a 
Co - ordination compounds, 

III. 327c 

in chemical analysis, 

III. 335a 

, isomorphism, III. 

334d 

, mordant dyes. III. 

3356 

, octahedral struc- 
ture, III, 3306 

, planar structure, 

III. 332a 

, polynuclear. III, 

3336 

, tetrahedral struc- 
ture, III, 331a 

covalency. III. 3346 ; 

IV. 2736 

, electronic interpreta- 
tion, III. 333d 

in physiology, chloro- 
phyll, III. 336d 
, hgemin. III, 336c 

— , haemocyanine. III. 

336c 

, turacin, III. 336d 

number, 3, 5, 7, III. 333d 

, 4, 6, III. 330a 

,8, III. 333c 

of hydrogen, supposed, 

IV. 274c 

manifold associating 

groups. III. 3286 
, stereochemical demon- 
stration, III. 330a 
Copaene, III. 337a 
Copaiba, III. 3376 
— , essential oil. III, 3386 
Copaifera spp. products, ‘ oils 
and resins. III. 337-340 
Copaivic acid, III. 337d 
Copal, III. 338£Z 
— , Accra, I. 12c 
Copalin, III. 340d 
Copal, New Zealand, III. 340a 
Copals in order of hardness, 
III. 340c 

Co-pigments, III. 340d 


Copper, III. 341c 

— acetoarsenite, I. 478a 

— acetylides, I. 82a : II. 2816 ; 

III. 3566 

— -aluminium, equilibrium dia- 

gram, VI. 282a 

— anmionium lactate, absorp- 

tion of carbon monoxide 
by, II, 3516 

— and its alloys, uses. III. 353a 
— ,, antimonial, I. 439d 

— , antimony as impurity in, 
III. 352d 

— , — with arsenic as impurities 
in, III. 352c 

— , arsenic as impurity in. III. 
351d 

— , — and arsenic as impurities 
in. III. 352a 

— arsenides. III. 355c 

— as chlorine carrier, II. 3546 

— — trace element, I. 500a 
— , bismuth as impmity in, III. 

3526 

— , black oxide. III. 3546 
— , blast-furnace smelting. III. 
344c 

— carbonate, mineral. III, 26c 

— catalyst in oxidation of s\il- 

phites, VI. 260d 
Tiemann-Reimer re- 
action, II. 364c 
chromimn alloy. III. 104a 

— compoimds, see also Cupric 

and cuprous compounds. 

— cyanide. III. 485d 
— , detn., assay, I. 523a 

— , — by electrodeposition, II. 
700d 

— , — , colorimetric, II. 6716 
— , — , gravimetric, II. 5866 
— , — , — , micro, II. 033c 
— , — in food, V. 292d 
• — , — , potentiometric, II. 7076 
— , — , spectroscopic, II. 692a 
— , — , volumetric, II. 656c 
— , drop reactions, II. 580c 

— electrodeposition and plat- 

ing, IV. 2626 

— extraction, dry methods. III. 

342a, c 

, wet methods, III. 3496 

— , formation of carbonyls 

catalysed by, II. 3576 

glance, II. 517c 

, artificial. III. 355a 

, ore, II. 517c ; III. 341c 

— hydroxide as pigment, II. 25c 

— in Reformatsky reaction, II. 

3666 

rice, II. 4966 

— , iron as impmity in. III. 3526 

— matte, crude copper from, 

III. 346d 

— monoxide. III. 3546 
— , native. III. 341c 

— number of cellulose, see Cot- 

ton, copper number. 

— , occurrence. III. 341c 

— ore, azme, I. 583d 

, peacock, II. 517c 

, pitchy. III. 1196 

— oxide catalyst for olefin pro- 

duction, II. 350d 
hydrogen produc- 
tion from water gas, ITf 
3496 

iu respirators. III. 196 

, oxidation of carbon mon- 
oxide by, II. 347a, 351c 


Copper oxides. III. 3o3c 
— oxychloride as pigment, II. 
1196 


— , oxygen as impmity in, HI. 
351d 

' — peroxide. III. 353d 
— , phosphorus as impurity in. 

III. 352d 

pyrites, II. 5l7c ; III. 341c 

— , pyritic smelting. III. 345a 
— , qualitative dry reactions, II. 
547c, 548a 

— , — .reactions, II. 551c, 5665 

— , , rare metals present, 

II. 554c, 556d 
— , red oxide. III. 353o! 

— refining. III. 3486, d 
, electrolytic. III. 3484; 

IV. 2646 


— , reverberatory-furnace smelt- 
ing, III. 345c 

— salts, ammoniacal, for ab- 

sorption of carbon mon- 
oxide, II. 3496 

as disinfectants, W. 244 

pigments, II. 86a 

— silicate, artificial. III. 1195 
, mineral, III. 35oc 

— silicide. III. 355c 

— smelting, Bessemer process, 

III. 347c 

for matte. III. 3424 

— suboxide. III. 3534 

— sulphantimonite, II. 534 

— sulpharsenate, IV. 3074 

— sulphate (see also Copper 

vitriol). III. 3576 ; VI. 298a 
— • — , agricultmal. III. 357c, 
3586 

as algicide, I. 2016 

fungicide, II. 304 

, basic, mineral, II. 106a 

in respirators, III. 20c 

, native, II. 517a 

tin aUoys, IV. 2704 

— moporphyrin, VI. 164c 

— vessels in methanol syn- 

thesis, II. 3506 

— vitriol (see also Cupric sul- 

phate), II. 517a ; III. 341c 
zinc, equilibrium diagram. 


VI. 2814 

Copra, copra oil. III. 23/5, 
239c, 243a 

Coprolites for superphosphate 

manufactme. III. 359a ; 
V. 69a 

Copromesobiliviolin, I. 692a 
Copronigrin, I. 692a 
Goproporpbyxin, VI. 162a 
Coprosma spp., III. 3596 
□oprostanol. III. 896 
□oprostanone, III, 91c 
Goprostenone, III. 91c 
Goprosterol, III. 896, 91c 
Goptisine, III. 3596 
Hoptis japonica, III. 3596 
Goracan, II. 4884 
Goral, III. 360c 
Goral-ore, III. 180a 
Goralydine, I. 35a 
‘ Coramine ” (Ciba), III. 3616 
Zorchorus spp., V. 1636 
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Cordials, IIL 3616 
Cordite, III. 3614 ; IV. 5186 
— , analvsis. III. 363c 
— R.D.B., III. 364a 
Cordylite, III. 364a_ 
Coreopsine pom cuir, I. 1336 
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Coriander, III. 3646 
— , essential oil, III. 364fZ' 
Goriandrol, III. 364(7 
Coriandrum sativum. III. 3646 
Gori ester, V. 36c ; VI. 77(7 

catalysis by magnesium 

ions, VI. 77(7 
Corindite, III. 365a 
Corintli EK, I. 420o 
Corioflavines, I. 133d 
Coriphosphin O and EG, I. 
1326 

Cork, III. 3656 

— dust in plastics, II. 476o 

— in casein glues, II. 4156 
Corning lamp-bulb machine, V. 

58Sa 

Gornisli stone. III. 326 
Corn oil, II. 4S2a 

— parsley, VI. 262c 
Cornuite, III. 1196 
Coronilla sco)~pioides, C. varia, 

■ III. 366c 

Coronillin, H. 387(7 ; III. 366c 
Gorozo, III. 366c 
Corrosion, agent in preven- 
tion, VI. 300o 

— fatigue. III. 379d 

— of immersed metals. III. 

375a 

and electrode po- 
tential, III. 3756, 386a, 
396c - 

metals. III. 366c 

, anodic oxidation 

against, I. 2546 ; III. 3926 

, atmospheric. III. 368a 

, bituminous coatings 

for prevention. III. 395(7 
by carbon tetra- 
chloride, II. 355(7 

sea water. III. 381a 

soils. III. 3846 

, cementation processes 

for prevention, III. 397a 

, differential aeration 

principle. III. 379a 
, effect of oxygen sup- 
ply on. III. 3786 
, electrochemical con- 
trol, III. 387(7 

, electrodeposited coat- 
ings for prevention. III. 
3976 

, grease coatings and 

slushing compounds for 
prevention. III. 394d 
, hot-dipping for pre- 
vention, III. 3966 
in refrigerating sys- 
tems, III. 387d 

the open ah’. III. 

372(7 

, inhibitors for prevent- 

tion. III. 386a 

, lacquers and varnishes 

for prevention, II. 467(7 ; 
III. 394(7 

, metal-cladding for 

prevention. III. 3966 
, — coatings for pre- 
vention, III. 396a 

, spray processes 

for prevention. III. 397a 
7 — , paint and allied coat- 
ings for prevention. III. 
3936 

, protection by control 

of external factors. III. 
385c 

VoL. VI.— 35 


Corrosion of metals, protec- 
tion of ships’ hulls against, 
III. 382a 

. , protective ineasm’es. 

III. 385c 

, “ rolled-on coatings ” 

for prevention. III. 3966 

, season-cracking in. III. 

380(7 

— , terne plate for pre- 

vention, III. 396(7 

, testing protective 

metallic coatings. III. 398a 

resistant alloys, alumirdum 

bronzes, III. 390a 

, magnesium, I. 

250a, 254a ; III. 3906 

, brass. III. 389d 

, bronze. III. 390a 

, copper-rich. III. 

389c 

, h’on-rich. III. 3886 

— - — ■ — , nickel-rich, III. 3S9a 
Corrosive sublimate. III. 3986 
Corsite, IV. 86 
Corticinic acid, III» 3666 
Corticosterone, VI. 2776, c 
Cortin activity, VI. 2776, 278c 
“ Corubin,” I. 46 ; III. 399c 
Corundum, abrasive, I. 4a ; 

II. 359a ; III. 3996 

— , artificial. III. 399c ; V. 512(7 
— , — , for gems. III. 3996 
— , mineral, I. 264c ; III. 3986 
Corybulbine and isocorlbul- 
bine. III. 401c 
Gorycavamine, III. 402c 
Corycavidine, III. 402c 
Gorycavine, III. 4026 
pseu(7oCorycavine, III. 402d 
Corydaldme formation, II. 

236a ; III: 4016 
Corydaline, III. 400d 
Corydalis sr>p., alkaloids, III. 
399(7 

Corydalis inberosa, VI. la 
Corydine and isocorydine. III. 
403a, 6 

Corylin, V. 180c 
Corylus spp., V. 1806 ; VI. 189d! 
Corynantbmo, III. 403(7 
Corypalmine, II. 2366 ; III. 
4026 

Corytuberine, III. 403o 
Costenes, a- and jS-, III. 403(7 
Costol, III. 403(7 
Costus, essential oil. III. 404a 
Gotarnine, III. 404a 
Goto bark. III. 404a 
Cotoin, III. 404a 
— , di-, hydro-, methylhydro-, 
methylproto-, and proto-, 

III. 404a 

Cotton (see also Bleaching ; 
Cellulose ; Dyeing ; Ex- 
plosives), V. l35o 
— , acetylated to resist sub- 
stantive dyes, V. 1916 

— anthracnose, V. 139a 

— ash, composition, V. 142(7 

— bleaching, II. 3c 

, hvpoclilorite, II. 3a, 5o, 

10a' 

, i)eroxide, II. 10c 

— blowing room, V. 144(7 

— carding', V. 1466 

— cellulose (see also Cotton ), II. 

46, 4626 ; V. 1416 

, chain length, II. 301(7, 

45Sa 


Cotton cloth, see under Bleach- 
ing ; ihnishing textile 
fabrics ; Fabrics. 

— combing and drawing, V. 

149o 

— , copper number, II. 463a ; 

IV. 507c ; V. I43a 
— , Devil’s, I. 4c 

— fibres, Y. 135a 

— floweis. III. 405a 

— ginning and pressing, V. 

143(7 

— grey, composition, II. 3d 

— growing, diseases, pests, 

yield, V. 13Sa 
■ — • lint ban’s, V. 139c 

— opening and cleaning, V. 

144c 

— , properties of non-cellulose 
constituents, II. 4c 
— , proteins, V. 1426 

— quahty, tests, V. 1406 

rayon cloth, effect of alkali- 

boil, V. 184a 

— rovings, V. 149(7 

— , scorning end cheniicking, 
continuous systems, II. Od 
Cottonseed cake, I. 455a ; III. 
409d 

— , colouring matter. III. 4076 

— oil. III. 408(7 

, analytical limits, III. 

410(7 

, hardening, II. 426(7 ; VI. 

183c 

, hydrogenated. III. 410c ; 

VI. 183c 

Cotton singles, V. 151c 

— sliver, V. 149a 

— spinning, V. 144a, 150a 

— thread, Y. 151c 

— warp beam, V. 152(7 

— wax, V. 141(7 

— weft, V. 152a 

— , white Egyptian, I. Ic 
' — wilt, V. 138(7 

— yarn preparation, V. 1516 

— yarns, count, V. 144a 
Coucb grass, 1. 171(7 ; III. 411(7 
Couepia grandiflora, IV. 84a, 

258a 

Couepic acid, IV. 258a 
o-Coumaraldebyde methyl 
ether in cassia oil, TI. 418(7 
Coinnaran, III. 411(7 
Coumarin, III. 412a 

— glycosides, III. 412(7 

— in cassia oil, II. 418(7 
Gomnarone, III. 413a 

— resins. III. 4136 
Coupling components. III. 

5836 ; W. 195(7, 196(7, 236d 
Go\irt plaster, V. 5086 
Govalency, III. 334a ; IV. 
273a 

CoveUine or covellite. III. 31 Ic, . 
3556, 413(7 

Cowberry, III. 414(7 
Cow pea, III. 413(7 

tree, II. 119o 

“ Coxpyria,” I. 517(7 
Co-zymase, II. 99d ; III. 
250c ; V. lob ; VI. 78c 

, constitution, Y. 17a 

, enzvmic reciuction, V. 

16(7 

, function, V. 32(7 

properties, V. 176 

, reduction by hyposul- 
phite, V. 10c 
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“ Grab's eye,” I, 4c 
Grabwood oil, II. 2776 
Gracklirxgs, Yl. 135a 
Gr anb erry, III. 4146 
— , American, VI. Q2d 
Cratsegus spp., VI. 1896 
Grazing (pottery), VI. 126 
Greaming of linen, II. lid 
Gream of Tartar, III. 415a 
Grease-resistant cloth, V. 
191c 

— -resisting effects, V. 198c 
Greatine, III. 415a 

— and creatinine, VI. 144c 
— , colour reaction. III. 4166 
— , detn.. III. 4166 

— , homologues. III. 4166 

— phosphoric acid in mu.scle 

extract, VI. 756 
Greatinine, III. 416d 
— , detection. III. 417d 
— , detn., Folin’s method. III. 
4186 

Grenilabrine, I. 459c 
Greoline, III. 419a 
Greosol, III. 419a 
“ Creosotal,’’ III. 419a 
Greosote, III. 4196 

— as benzole wash-oil, III. 422d 
— , hlast-fumace, III. 424a 

— brick oil. III. 423c 
— , coal-tar. III. 4206 

— , , specifications, III. 

421c 

— , Diesel oil, III. 423d 

— disinfectants and sheep dips, 

III. 422a, 424a 

— for preserving timber, III. 

4210 

— fuel oil for furnaces, III. 

422a 

internal combus- 
tion engines, III. 4226, 
423d 

— greases. III. 4236 

— in flotation processes. III. 

4236 

— , low temperature tar. III. 
423c 

— oUs, hydrogenation, II. 4266 ; 

III. 423a 

— timber-preserving oil, specifi- 

cation, III. 423d 
— , water-gas tar. III. 424a 
— , wood-tar. III. 419c 

— , , pharmaceutical. III. 

420a 

Gresatin, III. 4246 
Gresogol, IV. 257c 
Gresol compounds in per- 
fumery, HI. 4Md 

— disinfectants. III. 425c 

— in cascarilla oil, II. 411a 
m-Gresol in cresylic acid. 111. 

4276 

— , 2:4:0-trinitro-, III. 428a 
Gresols, III. 4246, 427a, 6 

— from coal, II. 304a 
Gresolsailpbonate, nitro-, ex- 
plosives, IV. 483d 

Gresotic acid, III. 425d 
Gresotinic acid (Kresotin- 
saure). III. 425d 
Gresyl ether, III. 426a 
Gresybc acid, II. 304a ; III- 
4266 

, recovery, II. 3046 

, specifications, analysis, 

ITT. 426c. d 

GresyUte, III. 425c. 428a 


o-Gresyl phosphate. III. 425c 
Grin vegetal, I. 161a ; V. 1686 
“ Crisalbine" III. 428a 
Grismer test of butter, IT. 
166d 

Gristobalite, III. 4286 
Gritb, III. 428c 
Groceic acid, I. 658c 
Grocein acid, I. 658c ; III. 

428c; IV. 206d 
Grocetin, II. 398d, 4016 

— and crocin. III. 428c 

— , identity with nyctanthin. 

II. 440a 

Grocidolite, I. 499c ; III. 429d 
Grocin, III. 428c 
a-Grocin, gentiohiose in, II. 
2996 

Grocoite or Crocoisite, II. 966 ; 

III. 430a 

Grocus of Ajitimony, I. 4476 
Crocus spp., III. 428c ; VI- 93d 
Gronstedtite, III. 4306 
Grookesite, III. 4306 
Grops, III. 4306 
— , grass. III. 4316 
— , legiunes. III- 432c 
— , root. III. 432a 
Crossater paposus, I. 5326 

, asteric acid in, I. 5326 

Grotine, III. 4346 
Grotondlburam, III. 4346 
Grotonaldebyde, I. 26c, 27a 

— ethylacetal, I. 366 
— , formation, II. 4236 
— , reduction, II. 426d 
Grotonbetaine, I. 450d ; II. 

391d 

Grotoncbloral hydrate, II. 
1796 

Grotonglobulin, III. 4346 
Grotonitrile, I. 2586 
Groton “ Xaturgiftstoff,” III. 
434c 

Groton oil. III. 434a 
“ Grotonoleic acid,” III. 434d 
Grotonoside, III. 4346 
Groton resin. III. 434c 
Croton iiglium, III. 434a 
Grotonylene, I. 119c 
Grotopborbolone, IH. 434d, 
foot-note 

Grotyl alcohol, conversion into 
butadiene, II. 1.546 
Growberry, III. 435c 
Crucibles, III. 435c 
— , alumina. III. 439a 
— , carbonaceous. III. 4376 
— , “ Carborundum,” III. 4396 
— , clay. III. 436d 
— , Colorado, I. 520c 
— , Cornish, HI. 437a 
— , French, HI. 4376 
— , graphite, HI. 437c 
— , Hessian, HI. 4376 
— , lime, HI. 439d 
— , London, HL 437a 
— , magnesia, HI. 439d 
— , silica, HI. 4376 
— , white fluxing pots, HI. 437a 
Cimde fibre in feeding stuffs, 
rV'. 593a, 602c 
Crusbed .steel, I. 3d 
“ Cryogenine,” HI. 4406 
Cryolite, artificial, I. 2866 

— in opal glass, V. 561c 
— , mineral, IH. 4406 
— , ore, I. 264c 

Cryolitbionite, I. 2866 ; IH. 
441a 


Gryoscopy, III. 4416 
— , Beckmann, IH. 442a 
— , micro-Hast, HI. 443c 
— , precision methods. III. 4446 
— , values of K, IH. 441c 
Gryptal, HI. 445c 
Cryptolite, H. 5126 
Ci^topine, III. 445c 
aZloGryptopine, a- and II. 
528a, 529a 

Gryptopyrrole, I. 691d 

— carboxylic acid, I. 691d 
Gryptotaenene, HI. 445c 
Cryptotaenia japonica. III. 

445d 

Cr 3 rptoxanthin, see Frypto- 
xanthin. 

Crystal growth, HI. 446a, 4546 

, velocity, HI. 4546 

CrystalUsation, IH. 445d 

— by cooling, IH. 4486 
Crystalliser, cooling, IH. 4486 
— , — , Howard, HI. 451a 

— , — , pan or tank, HI. 4486 
— , — , Passburg, III. 449a 
— , — , Swenson-Walker, HI. 

450a 


— , — , Wulff-Bock, HI. 4506 
— . evaporator. HI. 451c 
— , — , Borske Saltverker, HI. 
4526 

— , — , Jeremiassen or Oslo, HI. 
452d 


— , — , pan or tank. III. 451c 
— , — , salting, III. 451d 
— , vacuum. III. 4536 
— , — , rocker type, III. 453d 
Crystallisers, crystallisation 
in. III. 4536 

Crystallizing' plants, III. 448a 
Crystalloids, HI. 279a 
Crystalloluminescence, HI- 
22d, 23d 

Crystals of marketable sizes, 
HI. 448a 

“ Crystolon," I. 4a ; II. 3616 
Cubanite, IH. 455a 
Cubebol, HI. 4556 
Gubebs, essential oil, II. 188d 
HI. 455c 

Cuckoo-pint, I. 497d 
Cucumber. HI. 455c 
Cucumis sativus, HI. 455c 


Cudbear, HI. 456a 
Cullen earth, HI. 456a 
CuUet, V. 573d 
C'uUinan diamond, HI. 578a 
Culmorin, V. 56d 
Cumar resin in lacquers, It 
4726 

nc/3rr//nf'!nTnA'ne* T. 466d ! lit* 


457a 

Cumenes, HI. 456a 
C'uroidine or 4 -isopropylani- 
line, HI. 457d 

o-Cumidine, HI. 457d ^ _ 

pseudoCumidine or 2:4:5-tri- 
methylaniline, HI* 458a 
Cumidines, HI. 457d 
Cuminol in camphor oil, 11 ^ 2 49c 
CTxmmin or cumin, HI. 4586 


— oil, HI.458d' 

Cupferron, analvtical reagent, 
H. .5836; IH. 3356, 459a 
— , prepn., VI. 4046 
Cuprammonia silk, see Cu- 
prammonium rayon. 
Guprammonium rayon, H- 
4636 ; HI. 355a ; V. Il3a, 
116a 
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Cuprammonitim silk, see 
Cuprammonimn rayon. 

“ Cuprase,” III. 459a 
Guprea bark. III. I60(Z 
j8-isoCupreidine, III. I70£Z 
Cupreine, III. 128a, IQQd 
isoGupreine, a- and B-, III. 
1766, d 

Guprene, I. 80a, 87a 

— in respirators. III. lOd 
“ Cupretenine,” III. 1786 
Cupri-adeptol, III. 459a 
Gupric bromide. III. 357a 

— chloride. III. 356d 

— compounds, see also Copper 

compbrmds. 

— ferrocyanide. III. 470d 

— fluoride. III. 3576 

— hydroxide. III. 354c 

— nitrate. III. 358d 

— nitrite. III. 358c 

— oxide. III. 3546 

— phosphate. III. 359a 

— phosphide. III. 355c 

— salts. III. 3o6d 

, qualitative reactions, II. 

551c, 566d! 

— — , , rare metals present, 

II. 554a!, 556d 

— sulphate (see also Copper 

sulphate ; Copper vitriol), 

III. 3576 ; VI. 298a 
, native, II. 517a ; III. 

341c 

— sulphide. III. 3556 
Cuprite, II. 518a ; III. 341c, 

459a 

Cuprodescloizite, III. 5606 
“ Cuprol," III. 459a 
Cupron, II. 605d ; III. 4596 
Cuprosilicon, III. 335o 
Cuprous acetylide, II. 2806! 

— bromide. III. 356c 

— chloride, III. 356a 

— compounds. III. 356a 

— cyanide, III. 356d 

— ferrocyanide. III. 4716 

— fluoride. III. 356c 

— Iiydroxide, III. 354a 

— iodide. III. 356c 

— lactate, ammoniacal, absor- 

bent of carbon monoxide, 
II. 3456 

— oxide. III. 353d 
, native, II. 518a 

— phosphide. III. 3556 

— salts. III. 356a 

, ammoniacal, absorption 

of carbon monoxide in, II. 
3456 

, qualitative reactions, II. 

566c 

— sulphate. III. 356d 

— sulphide, III. 355a 
, native. III. 517d 

— sulphite. III. 336d 

— thiocyanate. III. 356d 
Cuprum lazureuni, I. 583d 
Curacit-soda, III. 4596 
Curare, III. 4596 

— , calabash or gourd. III. 460a 
— , para. III. 459d 
— , pot. III. 4606 
— , tubo-. III. 459d 
Curarine, III. 460a 
Gurcas oil, III. 460c 
Curcme, III. 4616 
Curcinoleic acid. III. 461a 
Curcubita pcpo, I. 4596 
Curcuma aromaiica. III. 4616 


Curcumenes, III. 4616 
Ctircumin and Curcuma spp., 
III. 461c 
Curd, II. 160d 
Curine, III. 459d 
Curite, III. 461c ; VI. 155a 
Currant, black, red and wHte, 
III. 461c 

Cmrying, III. 5516 
Cinrtius degradation of azides, 
I. 308d ; II. 375a 
Cuscamidine, III. 1286, 161c 
Cuscamine, III. 1286, 161c 
Cusco barkj III. 161c 
Guscohygrine, III. 226a 
Cusconidine, 111. 1286, 161d 
Cusconine, III. 128a, 161d 
Guspareine, III. 462d 
Gusparia bark, cusparine, gali- 
pine and minor alkaloids, 
III. 4626 
Gusso, III. 463c 
Cutch, I. 11c ; II. 4336 
Cutocellulose, II. 467a 
Cutting oils, IV. 303d 
Gyam elide. III. 506d 
Gyanamide and its detn.. III. 
505a, 511a 

Gyananthrene, I. 424a 
Gyananthrol, I. 2326 
— B (B, 1900), I. 406a 
Gyanase, IV. 282d 
Cyanate, detn., volumetric, II. 

654c ; III. 5116 
Cyanates, prepn.. III. 5066, 
507o 


— , qualitative reactions, II. 

5696 ; III. 5106 
Gyanenin, III. 5146 
Cyanhydrins, I. 1956 
Cyanic acid. III. 506d 
“ Cyanicides,” VI. 104d 
Cyanidation or cyanide pro- 
cess of gold extraction, see 
Gold extraction, cyanide 
process. 

Cyanides, III. 463c 

alkali, analysis. III. 5106 
— , from ammonia and 
alkali carbonates. III. 479a 

— , , alkali metals and 

carbon. III. 479d 
— , — fertocyanides. III. 

478c 

— , — hydrocyanic acid, 
III. 480d 

— , — nitrogen, alkali metals 
and carbon. III. 483c 

— , and alkali metal 

carbonates. III. 481d 
— , — thiocyanates. III. 
480c 

alkaline earth, from carbides 
and m'trogen. III. 487d 
, — cai-bonates, car- 
bon and nitrogen. III. 490a 

, — cyanamide and 

carbon. III. 48Sc 

, — hvdrocyanic acid, 

III. 4916 
fsoCyanides, alkyl, I. 309a ; 
IV 359d 

Cyanides, complex iron. III. 
465a 

— , detn., potentiometric, II. 
706a 

— , — , volumetric, II. 654d ; 
in. 5106 

; — , drop reaction, ll. 582a 
— , heavy metal, III. 485tZ 


Cyanides, history. III. 403c 
— , qualitative reactions, II. 

5696, 582a, 683c ; III. 509c 
Cyanide solutions from noble 
metal extraction, analysis, 

I. 531d 

Gyanidin, I. 381c ; III. 5126 

— chloride, colour base and 

pseudo-base. III. 512c, d 

— glucosides. III. 115d, 5i2c 

— pigments, flowers containing, 

III. 5126, 513d 

— , reduction to dl-epicatechin, 

II. 437c 

— relation to callistephin. II. 
234d 

periGyanilic acid, V. 386c 
Gyanin, I. 3816 ; ni. 513d 
Cyanine dyes. III. 514c 

— quaternary bases, III. 523a 
Cyanines, 2:1'- and 4:1'-, III. 

520d 

— , 2:2'-, 2:4'- and 4:4'-, III. 515a 
gpoCyanines, III. 529a 
isoCyanines, III. 515a 
neoCyanines, III. 529c 
i/i-Cyanines, III. 515a, 516c 
Cyanines, definition. III. 530d 
— , indotricarbo-. III. 5276 
— , nomenclature. III. 530d 
— , oxacarbo-, oxa-2'-, and oxa- 
4-, III. 5206 
— , selena-1'-. III. 520d 

— substituted in the chain. III. 

524c 

— , thia-1'-. III. 520d 

— thiathiazolo-, thiazolocarbo-, 

thiazolo-, thiazoIo-1'-, thia- 
zlolo-2'-, and thiazolo-4'-, 

III. 5216 

— thiazolinocarbo-, thiazolino- 

2'-, and thiazolino-4'-. III. 
521d 

Gyanite, I. 264d, 3706 
Gyanoacetic ester, condensa- 
tion with aldehydes, II. 
360a 

Cyanoaurate, potassium, III. 

486a, VI. 115d 
Cyanocamphor, II. 241c 
Cyanocarvomenthone, II. 408c 
Cyano-compounds, synthesis, 

II. 361d, 369c 
Cyanogen, III. 5036 

— bromide and chloride. III. 

116, 504c 

in warfare, III. 10c 

— , detection of gaseous, II. 
569a, 683c 

— , detn. of gaseous, II. 083c ; 

III. 504a 

Cyanoguanidine, III. 602d 
Gyanomaclurin, I. 497d ; III. 
5316 

Cyanophoric glycosides (see 
also Amygdalin ; Emulsin), 
III. 5316 

Cyanuric acid and ethyl ester, 
III. 506d ; IV. 360d 
tsoCyanuric acid and ethyl 
ester, V. 385d ; IV. 301o 
Cyanuric triazide, I. 563c 
Cyclamen europmum, III. 531c ; 
VI. 87a 

Cyclamin, III. 531c, 554c 
Cyclamiretin, III. 531c 
apoCyclene, III. 531c 
Gyclenes (cyclic olefins). III. 
532a 

— , mono-oleflnic, III. 532a 
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Cyclic dienes, conjugated, III. 
5346 

— polyenes, conjugated, III. 

5346 

“ Cycloform," I. 3696 ; III. 
535d 

Gyclonite, III. 535{Z 
cyclo Paraffins in petroleuna, 
III. 5376 

cyc/opentadiene, III. 533c 
Gyclopterine, I. 450c 
“ Cycloran E," III. 537d 
Cyder, see Cider. 

Gygnine, III. 537«7 
Cylindrite, III. 537d 
Gymarin, II. 3856 ; III. 538a 
a//oGymarin, II. 381c, 385ci! 
C 3 ranarin, enzymic isomerisa- 
tion, III. 381c 

Cymarose, II. 3006 ; 381cZ ; 

III. 5386 

Cymbopogon mar Uni, V. 517a, 
5186, 536a 

Cymene, dihydroxy-, II. 404c 

— in essential oils, II. 411a ; 

III. 24d, 1836 

p-Gyxnene from camphor, II. 
242c 

cedrene, II. 4406 

Gymenes, III. 5386 
Gymols, III. 5386 
Gymophane, III. 119a 
Cynips gallw iinciorioa, V. 425a 
Gynodontin, V. 55a • 
Cynthiaxanthin, II. 401d ,* III. 
539c 

Gyperene, cyperol and 
cyperone. III. 120a, 539c 
Cypress camphor, II. 441a 
Cyprian vitriol (see also Cop- 
per vitriol), III. 3576, 539d! 
Csrrtolite, III. 539d 
Gystamine, I. 320a 
“ Cystazol," III. 540a 
Gysteic acid. III. 5416 
Cysteine, III. 540c, 541a 

— and cystine, detn., III. 541c 
Cystine, III. 540a 
Cystogen, 1. 326a 

“ Cystopurin," III. 5426 
Cytase, II. 87d ; III. 5426 
Gytidine, VI. 87a 
Cytisine, I. 619c ; III. 542c, 
544a 

Cytisolidine, III. 543a 
C 3 rtisoline, III. 543a 
Gyiochrome, III. 544a ; IV. 

8116 ; VI. 165a 
Cytosine, III. 545c 
Gytromycetin, V. 53d 


D 

S-Acid (delta acid), III. 5576 
Dasmonorops propinquus, IV. 
55d 

Dahlia, co-pigmentation in. III 
3416 

Dahl’s acids, III. 5456 
Daidzein, V. 259c 
Daidzin, V. 259c ; VI. 876, 88c 
Dalton’s law of partial pres- 
sures, IV. 35a, 486 
Damascenine, III. 5456 
Danahonitol, III. 546a 
Dambose, VI. 495a 
Dammar in lacquers, II. 469d 
— resin. III. 546a 
Danaite, III. 547a 


Danalite, III. 547a 
Dandelion, III. 547a 
Daniella thurifera, III. 3386 
Dant in coal, y. 350d 
Daphnandra spp. and alkaloids, 
III. 5476 

Daphnandrine, III. 5476 
Daphne spp.. III. 547d 
Daphnetin and daphnetinic 
acid, III. 547d 

Daphnin, III. 413a, 547d, 5486 
Daphnoline, III. 547c 
Darak, II. 498c 
D’Arcet’s alloy, I. 698c 
“ Darco," I. 153a 
Dari, II. 482c 

Darwinite, III. 548c ; IV. 556 
Date, III. M8c 
Datile, III. 549a 
Datisca cannabina, I. 499a : 

III. 549a 

Datiscetin and datiscin. III. 
549a, c 

Datiscin, rutinose in, II. 300c 
Datolite, II. 229d ; III. 549d 
Datura stramonium and datu- 
rine, III. 550a 
Daucol, II. 4046 
Daucusin, II. '4046 
Dauerhefe, V. 15a 
Dauricine, III. 550a 
Dautriche test of explosives, 

IV. 550d 

“ Davitamon," III. 5506 
Dawsonite, I. 264d 
Deacon chambers in bleaching 
powder production, III. 
61a 

— process, II. 428c ; III. 416, 

486 

Dead dipping of brasswork, IIL 
5506 

Deadly nightshade, I. 6636 
Dead oil from shale. III. 550c 
Debye-Hiickel limiting law, 
VI. 246a 

Decacyclene, III. 550c 
Decaethylene glycol, IV. 3796 
Decahydronapbthalene, see 
Decalin. 

DecEihydroretene carboxylic 
acid, dinitro-, I. 36 
Decalin (decaline), II. 426d ; 
VI. 352c 

DecEilols, a- and j3-, VI. 3546 
Decamethylene dicarboxylic 
acid. III. SSOd 
Deccan grass, II. 482d 
Decenylenic acid, II. 272c 
Dechenite, III. 551a 
" DechoUn," III. 551a 
n-Decoic acid, II. 2716 
Decyl acetate. III. 5516 

— alcohol. III. 5516 

— aldehyde. III. 5516 
De-emulsification, IV. 3006 
Defibrination of blood, II. 246 
Deficiency diseases, see Ash ; 

Calcium gluconate ; Ferti- 
liser, borax, remedial. 

" Degalol," III. 5516 
Degras, III. 5516, 551 d, foot- 
note ; VI. 135c 

Degrasbildner, degras-former, 
III. 6526 

Deguelin, III. 559c 
Degmnming benzol with silica 
gel. III. 267d 

— silk, II. 176 ; IV. 143d 
Debumidification, VI. 280d 


Debydracetic acid, I. 63fl 
Debydrase, III. 553a 
Dehydrating agents in organic 
prepns., IV. 3506 
Dehydration (see also Drying), 
IV. 58a 

— , azeotropic distillation 
method (see also Distilla- 
tion, laboratory), I. 103ft 
178c 


— , catalytic, II. 428a 
trans - Debydroandrosterone, 
VI, 275a 

Debydrocarveole, dehydrocar- 
vone, II. 2786 

7-Debydrocholesterol, II. 
203a 

Dehydrocinchonine, III. 139c 
Dehydrocorticosterone, VI. 
2776 

Debydrocorydaline, III, 401a 
Dehydrodieugenol, IV. 3906 
Dehydrodi-isoeugenol, IV. 
399c 


1 :5-Dehydro-5:5'-dihydantyl, 
VI. 289d 

Dehydrogenases, III. 553o ; 
IV. 3156 

— in muscle extract, VI. 78c 
Dehydroindigotin, VI, 452d 
Dehydronorcaryophyllenic 

acid, II. 409d 

Dehydronorcholene, carcino- 
genic compound from, II. 
379d 

Dehydroquinine, III. 139c 
7-Dehydrositosterol, II, 203c 
Dehydrothio-m-xylidine, IIL 

553c 

Dehydrotriacetonamine, I. 
68d 

Dekahorane, II. 40d 
Dekol, III. 553d 
“ Dekrysil," HI. 553d 
Delatynite, I. 302d 
Delcosine, III. 557a 
Delphin, III, 553d 
Delphinidin, I. 381c ; IIL 
553d, 554c . 

— , relation to callistephin, II. 

234d . 

Delphinin (glucoside), ID- 
555c 

Delphinine (alkaloid), 

556c, 657a 

Delphinium eonsolida. 111- 
555c, d 

— spp., alkaloids, III. 556c 

— zalil, D. spp., dyeing proper- 

ties, I. 499a ; III. 555d 
Delphinoidine, III. 5576 
Delphisine, HI, 557a 
Delphocurarine, HI. 550c 
Delsoline, HI. 557a 
Delta acid (S-acid), III. 5576 
Delustring processes, V. 202a 
Demantoid, V, 429c 
Demargarinated oil, HI. 410a 
Denatixrants, III. 557a 
Dendrites, I. 164a 
Denier count of , rayon, I' > 
125a ; V. 112d, foot-note. 
Densimeter, HI. 558c 
Dentifrices, perborates in, H- 
52a 

Deodorants, perborates in, 11. 
52a 

De-oiling processes for emul- 
sions, IV. 3006 
Deoxyadenosine, VI. 87c 
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-Deoxyalizarin, I. 219c 
Deoxyamalic acid, VI. 407c 
Deoxycholic acid, I. 6896 

, carcinogenic compound 

from, II. 379d 

compound with camphor, 

II. 188c 

Deoxycorticosterone, VI. 2786 
Deoxycytidine, VI. 87c 
Deoxyguanosine, VI. 870 
Deoxysantalin, I. 650c 
Deoxyisosantalin, II. 2606! 

— , acetyl-, II. 260d 
Deoxyuridine, VI. 87c 
Dephlegmator, III. o58(Z 
Depressants (flotation pro- 
cess), V. 263cZ, 266a 
“ Dericinoel," II. 4226 
“ Dermatol,” I. 700d ; III. 558d 
“ Dermogene," III. 559a 
“ Dermol,” I. 701a ; III. 117d, 
559a 

Derris and D. resin, III. 559a, c 
“ Desalgin,” III. 560a 
Descloizite, III. 5606 
Desiccation, see Drying. 

" Desichtol," III. 5606 
Desoxycinchonidine, III. 
147d!, 153d 

Desoxycinchonine, III. 147a, 
158c 

Desoxyhydrocinclionidine, 

III. 162d 

Desoxyhydrocinclionine, III. 
164o 

Desoxyhydroquinidine, HI. 
166c, 1676 

Desoxyquinidine, III. 172a 
Desoxyquinine, III. 177d 
“ Despyrin," III. 5606 
Dessoulavy compound, VI. 
460c 

Destearinated oil. III. 410d 
Desyl chloride, I. 140d 
Detergents, II. 427c ; VI. 609d 

— from petroleum. III. 560c 
• — , perborates in, II. 62a 
Detonating fuze. III. 3616 
Detonation (see also Ex- 
plosions, gaseous), IV. 454c 

— by “ influence,” sensitivity 

of explosives to, IV. 550a 

— in gaseous explosions, IV. 

434c, 436a 

— of electrolytic gas, effect of 

diluents, IV. 439d 

explosives, velocity, IV. 

550c 

, spin in, IV. 436d 

— pressures and velocities in 

gaseous explosions, IV. 
440a 

— , sensitivity of explosives to, 

IV. 5496 

— velocity, Dautriche detn., IV. 

550d 

Detonators, IV. 535c, 544c 
— , lead plate and nail tests, IV. 
545a 

Detonit, Wetter, B, IV. 556a 
“ Dettol," III. 560c 
Deuterimn (heavv hydrogen), 
III. 560d 

as indicator in biology. III. 
5666 

— compounds, III. 565o 
— , detn., III. 560a 

■ — , deuterium hydride and 
hydrogen, properties com- 
pared, III. 563a 


Deuterium, heterogeneous in- 
terchange reactions. III. 
5666 

— ■, homogeneous interchange 

reactions. III. oQSd 
— , interchange reactions. III. 
565d 

— oxide (heavy water). III. 

561a 

and water, properties 

compared. III. 5646 

, electrolytic concentration, 

III. 561d 

, reactions in. III. 563c 

— , separation from hydrogen, 
III. 5026 

— , spectroscopic data. III. 566c 
Deuteroporphyrin, VI. 162d, 
163d 

— in synthesis of liBemin, II. 

20c 

Deutsche Leg., 2L5, I. 277c 
Devarda’s alloy, II. 598d, 604a; 
III. 5676 

Developer O, IV. 149c 
Devil liquor, I. 348c 
Devil’s cotton, I. 4c 
“ Devils Dung,” I. 498a 
Dewaxing of oils by trichloro- 
ethylene, I. 103c 
Dextrcin, III. 567c 
Dextrin formation. II. 442d 
Dextrins, II. 2826 ; III. 567c 
— , limit-, I and n, HI. 5686' 

“ Dextrins, stable,” III. 569c 
“ Dextroform,” III. 571a 
Dextrose (glucose, d-glucose), 
II. 2826, 284a, 280a 
— , relation, to cellulose, II. 
457a 

Dhak, II. 157d 
Dhurrin, II. 483d ; III. 571a 
Diabase, II. 3146 ; III. 571a 
Diabetes mellittis,'Vl. 144a, 496d 
“ Diabetin,” III. 5716 
Diacetamide, I. 606 
Diacetin, I. 606 

— as plasticiser, II. 448c 
Diacetonamine, I. 68d 
Diacetone alcohol, I. 66d 
, catalvsed decomposition, 

VI. 2526 

in film dopes, II. 448c 

lacquers, II. 4706 

, specification, II. 4726 

cyanohydrin, I. 68d 

Diacetyl, I. 196 ; HI. 5716 
Diacetyldioxime (see also Di- 
methylglyoxime), IV. 5d 
Diacetyl in butter, II. 103c ; 

V. 306a 

food, II. 80c, 1986 

Diacetylenes, III. 5716 
Diacridines, I. 1306 
5:5-Diacridyl, I. 1306 
Diacridyl dimethonitrate, I. 
130c 

“ Dial,” I. 623a ; III. 573a 
Diallage, III. 573a 
DiaUyl, H. 150d 
Diallylaniline, I. 257c 
Diallylbarbituric acid, 5:5-di- 
bromo-, I. 623a 

5:5-Diallylbarbituric acid, I. 
023a 

Dialimic acid and dcrivs., I. 
025a 

isoDialuric acid and dcrivs.. 
I. 620a, 6 

Diamine dyes, IV, 2196 


Diamines, aliphatic, I. 314c 
— , aromatic, I. 315c 
Diamond, H. 309a ; HI. 573a 

— as abrasive, I. 3d ; HI. 5786 
“ Diamonds, Marmorosch,” 

and “ Matura,” V. 514a . 

Diamorpbine hydrochloride, 
I. 65d 

o-Dianisidine, HI. 578c ; IV. 
12d . 

Dianthracene, I. 384d 
Dianthranol, I. 4326 
Dianthranyl, I. 4326 
— , 2:2-dihydroxy-, I. 2156 
1 :2 '-Dianthr aquinonylamine , 
I. 2066 

DianthraqT^onyls, I. 41 Id 
Dianthrimides, I. 420a 
Dianthrone, I. 4326 
Diapjiorase, V. 33a, 346 
“ Diarsenol," HI. 578d 
“ Diaspirin,” HI. 578d 
Diaspore, I. 264c ; H. 25c ; 

III. 579a : VI. 1016 
Diasporite, III. 579a 
Diastase (see also Amylase ; 

Brewing), II. 706, 298d 
Diatomaceous earth, dia- 
tomite, HI. 579a ; IV. 
2396 

1:4-Diazine, I. 5646, d 
Diazoacetate, ethyl, HI. 599a 
Diazoacetic ester, catalytic 
decomposition, VI. 251c 
Diazoacetone, HI. 0006 
Diazoamines, aliphatic - aro- 
matic, HI. 590c 
— , aromatic, HI. 595d 
Diazoaminobenzene, HI. 505d 
Diazoamino-compounds, HI. 
580c 

Diazoaminomethane, HI. 
596d 

Diazoamino-p-toluene, HI. 
596c ■ 

Diazo-anbydrides, HI. 597d 

anthranilic acid, HI. 593a 

Diazobenzene, sec also under 
Diazo-compounds ; Diazo- 
niinn compounds. 

— hydrate or hydroxide. III. 

590c 

Diazobenzeneimide, I. 581c 
Diazobenzenesulphonic acid, 
302d ; III. 592d 
Diazocamphor, H. 2456 
Diazo-components, HI. 5836, 
5876 ; IV. 159d 

compounds (see also under 

Diazobenzene ; Diazo- 
nium). III. 5806 ; IV. 191d 

— - — , anti- and sjyn-, HI. 591a 

, aliphatic. 111. 598d 

, cyclic. III, 592d 

, light-sensitive, H. 452c ; 

III. 589d 

, metallic derivs., HI. 

597a, 6006 

, prepn., II. 429a 

, stable, solid or paste, 

III. 5896 ; IV. 231c 
, stabilised, in photo- 
graphy, III. 58Sd 

, stereochemistry, HI. 

.591a 

— -coupling process, IV. 1 OSd 
Diazocyanides, HI. 580c. 597d, 

598a 

Diazodinitropbenol, III. 600c 
Di^oethane, HI. COOq 
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Diazo-group, misceUaneoas 
substitutions, III. 586fZ 

, reduction, III. 584d 

replacement by hydro- 
gen, II. oSid 

, sulphur or sul- 
phur-containing radicals. 
III. 586a. 

, the cyanate or 

cyanide radical, or by halo- 
gen, II. 4:29a ; III. 585a 

nitro- or 

nitroso-radical. III. 5866 

hydrates. III. 5806 

Diazoliyciroxides, III. 5806 
Diazoic acids, aromatic. III. 
597d 

p-Diazoimides, III. 594c 
Diazoimines, cyclic. III. 5936 
• — from 0 -, p- an^ peri- 
diamines, III. 580c. 5936 
p-Diazoimiaobenzene and 
derivs.. III. 594c 
Diazometliane, III. 5996 
Diazometlmiedisulplioiiic 
acid. III. 6006 

Diazonium arvlsulphinates, 
m. 581c 

— aurichlorides, III. 5816 

— azides. III. 5816 

— borofluorides. III. 581c 

— carbonates, III. 5816 

— chromates, III. 5816 

— compounds, see also under 

Diazobenzene ; Diazo-com- 
pounds. 

. aromatic, constitution, 

III. 5906 

, reactions. III. 5836, 5S7a 

, coloured. III. 591c 

. coupling. III. 5876 

, electrolytic prepn.. III. 

583a 

from hydrazines, III. 

5S3a 

. interchange of groups in. 

III. 588a 

, internal. III. 592<7 

non-aromatic. III. 591d 

. isooxazole series, II. 

5926 

— — , pyrazole series. III. 592a 

— ferricyanides. III. 5816 

— fluorides. III. 5816 
nitrites. III. 5816 

— nitro prussides. III. 5816 

— perchlorates. III. 5816 

— phosphomolvbdates. III. 

.5Slc 

— phosphotungstates. III. 581c 

— picrates. III. 5816 

— platinichlorides. III. 5816 

— plumbichlorides. III. 582c 

— salts. III. .5806, 582c 

— stannichlorides. ill. 5816 

— sulphonates. III. 592d 

— thioacetates. III. 5Slc 

— thiosulphates. III. 5816 

— tungstates. III. oSlc 

— zincichlorides. III. 581c 
Diazo— oxides. III. 5806 

, aromatic. III. 594a 

, binuclear. III. 597a 

2-Diazoplienol, 4:6-dinitro-, 

III. 600c 

Diazo-iA-seraicarbazines, III. 
596d 

Diazosulphides, III. 580c 
Diazosulphonates, III. 5S0c 
— . syn- and anti-, III. 59Sc 


Diazosulphonic acids, see 
Diazonium sulphonates. 

, potassium salts syn- and 

' a7iti-. III. 598d 
Diazotates, syn- and a}iii-, III. 
5806, 591c 

Diazotisation, UI. 580c 
— , special methods, n'. 237c 
— , velocity. III. 582c 
Diazotising agents. III. 582c 
“ Diazotype ” photographic 
paper. III. 590a 
Diazouracil, reaction with 
sucrose, II. 3006 
DibarMturyialkylainuies, I. 
2496 

Dibenzanthracene, carcino- 
genic action, II. 378d 
Dibenzan thrones, I. 414a, 
424a 

isoDibenzanthrone, I. 414a 
Dibenzanthrone vat dyes, I. 
206a 

oo'-Dibenzil, III. 600d 
Dibenzopyrenequinones, I. 
4266 

Diborane, II. 40d 
Diborate, sodium, see Borax. 

“ Dibromin:’ I. 623a ; III. 600d 
Dibromoethane, see Ethylene 
dibromide. 

Di-isobutaldehyde, II. 1576 
Di-zsobutylacetoacetic acid, 
ethyl ester, I. 64d 
Dibutylamines, II. 1766 
y-Di-n-butylaminopropyl p- 
aminobenzoate, II. 1796 
Diz'sobutylnitrosamine, II. 
176c 

NzN'-Dizsobutyloxamide, II. 
175d 

Dibutyl phthalate, specifica- 
tion, II. 472c 
Dibutyraldine, II. 157a 
Dibut3zryl peroxide. II. 180a 
Dicarbazyls, II. 279a 
Dicarbocyanines, s- and as-, 
III. 526a 

Dicarboxylic acids. III. 600d 
a-Dicarvelone, IT. 4076 
Dicentra spp.. III. 6016 ; YT. la 
Dicentrine, III. 6016 
Dichloramine T, III. 366, 601d 
2:5-Dichloroaniline, III. 601d 
Dichloroethylene, I. 104a 
aa'-Dichlorohydrin, VI. 67 d 
DicMorohydriii in lacquers. 
II. 478(Z 

Dichroite, III. 602a 
Dichromates, reactions and 
detn., see Chromates ; 
Chromium. 

Dichromated gelatin, see Gela- 
tin, bichromated. 
Dicinchonicine, III. 161d 
Dicinchonine. III. 128a, 161d 
Diapocinchonine, III. 162a 
Dicitronelloxide. III. 191a 
“ Di-citurin,” III. 602a 
Dicldlte, III. 196a, 602a 
Diconquinine. III. 1286. 162a 
Dicresylin in lacquers, II. 478d 
Dicrotyi, II. 156d_ 

Diz’socrotyl. II. 156d 
Dictamnine, III. 6026 
Dictamnolactone. III. 602c 
Dicyanine. III. 517d 
^4-Dicyanines. III. .516r7 
Dicyanodiamide, III. 602d 
Dicymene, III. 539a 


" Didial," III. 603c 
Didy m i u m in cerite, 11. .507a 
Diechmann reaction, II. 3661 
Diels-Alder reaction, II. 152d 
Dielectric constant, 11. 7095 
Diene reaction of fattv oils, IV. 
826 


— synthesis, I. 208a 
“ Dienol," IV. 87a 
Diesel oil, III. 423(Z 

— fuel production, II. 4254 
Diethylacetic acid, II. 271c 
Diethylaniline, III. 6034 
Diethylacetoacetic acid, ethyl 

ester, I. 64d 

Diethylamine, IV. 355a 
— , ^j3'-diamino-, IV. 3764 

— from acetylene, I. 84c 
Diethyl-m-mninophenol. III. 

6034 

Diethylcarbinol, I. 3594 
Diethyl carbonate in lacquers, 
II. 4706 


— catechol ether, II. 4316 
Diethylchloroamine, IV. 3555 
Diethyl compounds, see also 

under Ether ; Ethyl. 

— cyanurate, IV. 361a 

— faocyanurate, IV. 3616 
Diethylcyanuric acid, IV. 36Io 
Diethylz'socyanuric acid, TV. 

3616 

Diethyldiphenylimea, II. 4S0c 
Diethylene' bromohydrin, IV. 
379a 

— chlorohydrin, IV. 3784 
Diethylenediamine, IV. 376c 
Diethylene dinitrate, IV. 379a 

— dioxide, JV. 3S0c 

— disulphide, IV. 3804 

— glycol, rV. 3784 

^ monoethyl ether, II. 282a 

“Diethylene ' triamine,” D^ 
3764 , 

Diethyl ether, jSjS'-dihydroxy-, 
IV''. 3784 

as-Diethylhydrazine, IV . 3626 
s— Diethylhydrazine. IV. 362c 
Diethylhydroxylamine, ciB- 
and IV. 363a 
Diethylidene hydrazine, 1 * • 

VT 

Diethylmethylacetic acid, » r. 
205c 

’^iethylnitroamine, IV. 3o^ 


IV. 

IV. 


rv. 


•iethylz'sonitroamine 
3ooc 

liethylnitrosoamine, 

355c 

dethyl orthophosphate, 

366c 

- peroxide. IV. 3666 

- phosphite. IV 367a 
iethylphosphoric acid, 

366c 

iethyl phthalate, specifica- 
tion. II. 472c 

- pyrophosphate, IV. 3664 

iethylpyrophosphorous 

acid, IV. 3676 
iethyl selenate, IV. 367c 

- selenite, rv 3674 
Diethylstilbcestrol,” I 

2726 

iethyl sulphate, IV. 3684 

- sulphide. IV. 370a 

. )S8-dichloro-, in gas war- 
fare, III. 8c, 116 _ 

, — prepn., defection and 

detn.. rv 371a 



Diethyl sulpliine oxide, IV. ’ 
3706 

— sulphite, IV, 3696 
Dietzeite, III. 604a 
Di-isoeugenol, IV. 399c 
Difference figure of m.p. of 

fats and fatty acids, II. 1856 
Diffraction method of deter- 
mining interatomic dis- 
tances, VI. 602c 
Diffusion, III. 6046 
— , anomalous, III. 6076 

— batteries, IV. 6666 

— coefficients in mol. wt. detn., 

— III. 6066! 

— of gases through metals. III. 

6056 ; VI. 3346! 

liquids and solutes. III. 

606a 

solids. III. 607c 

Diffusivity, thermal, V. 5456 
Diflavone, V. 2586 
Diflavonol, V. 262a 
Digalacturonic acid in apple 
pectin, II. 29Sa 

m-Digallic acid, IV. la ; V. 
424d 

p-Digallic acid, IV. la 
Digermane, V. 522a 
Digesters, VI. 24a 
Digilanides A, B and C, II. 
385a 

Diginin, II. 3S4a 
Digitalin, II. 3S4d 
Digitaline cristalisde (Digi- 
toxin), II. 384a 
Digitalis glycosides, II. 383d 
Digitalis vurpurea, D. spp., II. 

3816, 3S5a ; VI. 88d, 97a 
Digitalose, II. 288d, 381d ; IV. 
la 

Digitogenin, VI. 87d 
Digitonin, II. 384a ; VI. 87c 

— test for sterols in butter, II. 

166d 

Digitoxigenin, II. 382a, 3846 
Digitoxin, II. 384a 
Digitoxose, II. 2886, 381c, 3846 ; 
IV. 16 

Diglycerin, VI. 70c 
Diglyceryl ether, VI, 70c 
Digoxigenin, IT. 382a 
Digoxin, II. 3S5a 
Diheptylacetoacetic acid, 
ethyl ester, I. 04d 
Dihydroacridine, I. 125d 
Dihydroanthranol, I. 432a 
Dihydrobrazilinic acid, II. 
70a 

Dihydrocarveol, II. 405c, 4076, 
IV. 16 

— , reduction, II. 405c 
neoDihydrocarveol, IV. 2a 
Dihydrocarvone, IV. 2a 
Dihydrocarvylamine, IV. Ic 
Dihydrocedrene, II. 440d 
Dihydrocholesterol, III. 896 
Dihydro cinchonidine. III. 

1626 

Dihydrocinchonine, III. 162d 
— , a-chloro-. III. 155d 
Dihydrocinchotoxine, III. 
163c 

Dihydrocitronellal, III. 191d 
Dihydrocodeinone, hydroxy-, 
hydrochloride, IV. 3926 
Dffiydroconessine, III. 321a 
D&ydrodianthrone, I. 1326 
Dihydroeremophilone, hy- 
droxy-, IV. 324a 
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Dihydroergosterol, 22i23-, II. 
203a 

Dihydroeserethole, II. 199d 
Dihydro eucarveol, IV. 301c 
Dihydroeucarvone. IV. 391d 
Dihydroeugenol, IV. 3966 
Dihydroflavone, II. 519a 
Dihydroguaiol, VI. 1426 
Dihydrohexaborane, I. 40d 
Dihydrohumulene, amino-, II. 
409a 

Dihydroionone, III. 192a 
Dihydropseudoionone, III. 
192a 

a|3-Dihydroionone, IV. 591a 
Dihydromorphinone hydro- 
chloride, IV. 4c 

Dihydropentaborane, II. 40d 
Dihydrositosterol in bran, II. 
606 

rice, II. 493d 

Dihydro-a-terpineol, IV. 3a 
Dihydrotetraborane, II. 40d 
Dihydrothujaketone, IV. 3266 
2:6-Di-iodophenol, VI. 267c 
“ Dika bread,” IV. 4a 
p-Diketocamphane, II. 242c, 
2476 

— reduction, II. 246a 
ad-Diketohydrindene, VI. 

3066 

ay-Diketohydrindene, VI. 
306c 

Diketopiperazines, I, 3216 ; 
VI. 73a 

Dilatometer, IV. 46 
“ Dilaudid," IV. 4c 
“ Dihcto," IV. 4c 
Dilituric acid, I. 627a 

, methyl-, and dimethyl-, 

I. 627d, 62Sa 
Dill, IV. 4c 

— oil, I. 371c ; IV. 5a 
, carvone in, II. 4066 

“ Dimedon,” I. ISla ; IV. 5a ; 
V. 298a 

Dimethyl (see also Eihane), IV. 
3636 

Dimethylacetoacetic acid, 
ethyl ester, I. Old 
3:4 - Dimethylacetophenone 
from camphor, II. 242d 
3:7 - Dimethylacridine, 2:8 - 
dianiino-, hydrochloride, I. 
131c 

Dimethylacridine, dihydroxy-, 
I. 125a 

2:8 - Dimethylacridinium 

chloride (proflavine), I. 
134a 

Dimethylacridiniimi nitrate, 
luminescence. III. 23d 
as-Dimethylallene, I. 240c 
s-Dimethylallene, I. 240c 
Dimethyl - m - aminocresol, 
Capri Blue from, II. 2716 
Dimethylaniline, IV. 56 
— , p-niti-oso-, II. 2716 
Dimethylanthraquinones , 
1:2-, 1;.3-, 1:4-, and 2:3-, 
syntheses, I. 402c 
3:3'-I)imethylbenzidine, IV. 
12d 

Dimethylbenzylcarbinol, IV. 
5c 

Dimethylbutadiene, II. 155a 
aiS-Dimetbylbutyric acid, II. 
271d 

Dimethyldiacetonamine, I. 
09a 
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NN'-Dimethyldiacridyliinn 
salts, I. 130c 

5:5 - Dimethyldihydroresor- 
cinol, see “ Dimedon.” 
Dimethyldilretopiperazine, I. 
174a 

3:3' - Dimethyldiphenylme' - 
thane, 4:4' - dimethyldi - 
amino-, rf. 5d 

Dimethyldiphenylurea, II. 
4S0d 

Dimethylethylacetic acid, II. 
271d 

1:2- Dimethyl - 4 - ethylben- 
zene from camphor, II. 
242d 

as-Dimethylethylene, II. 177c 
s-Dimethylethylene, II. 1776 • 
Dimethylethylenedi amine, 

II. 1786 

s-Dimethylethylene oxide, II. 
1796 

Dimethylglyoxime, IV. 5d 

— reagent for nickel, II. 5786, 

012c, 0726 ; IV. 06 

other metals, IV. 06 

5:5-Dimethylhydantoin, VI.- 
292c 

Dimethylhydroquinone, IV. 
6d 

1 :3-Dimethylindole, 5-hy- 

droxy-, II. 199c 
Dimethyl ketone, I. 65d 
Dimethylmethoxyphenol, TV. 
7a 

Dimethylparabanic acid. III. 
92d 

3:7 - Dimethyl - 5 - phenyl - 
acridine hydrochloride, 
2:8-diamino, I. 1326 
Dimethylphenylpyrazolone 
mercury sulphaminate, I. 
405d 

aa-Dimethylpropionic acid, 
11. 271d 

Dimethylstibine bromide and 
chloride, 1., 434d 

— cyanide, I. 434d 

— oxide, I. 434d 
Dimethylstibinic acid, I. 434d 
Dimethyl succinonitrile, II., 

1786 

— sulphate in chemical war- 

fare, III. 10c 

, prepn.. III. 11c 

Dimethyltriazene, III. 590d 
Dimethylxanthine, 1:3- and 
3:7-, TI. 197d, c 
“ Dimol," IV. 7a 
Dinaphthazines, I. 567c 
Dinitroanthraquinones, I. 
391a 

Dinitrobenzenes, 1. 073a, 

Dinitrochlorohydrin, IV. 7a, 
242c 

Dinitroglycerin, IV. 4nia 
Dinitroglycol, IV. 379d, 489d 
“ Diocaine,” IV. 76 
Dioctylacetoacetate, ethyl, I. 
05a 

“ Dioform,” IV. 76 
“ Diogen," IV. 7c 
“ Diogenat,” IV. 7c 
Diolefines from acetylene, I. 
856 

“ Dionin,” IV. 7c 
Diopside, III. 573a ; IV. 7c 
Dioptase, III. 311c, 355d ; IV. 
7c 
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Diorite, 11. 3146 ; III. 571a ; 
IV. Id 

Dioscorine, IV. 86 
Diosmetin, IV. Sc 
Diosmin, IV. 8c ; VI. 876 
Diosphenol, II. 120c ; IV. 8c 
— , formation, II. 40d(Z . 

Dioxan, IV. 380c 

— in lacquers, II. 478cZ 
Dioxine, IV. 10a 
Dioxorea spp., IV. 10a 
Dioxyconessine, III. 324a 
Dipentene by-product, II. 

250c 

— from carene, II. 388d 
— , occurrence. III. 183c 
— ;, nitroso-, II. 4076 
Dipeptidase in brewing, II. 

88c 

“ Diphenal,” IV. 10a 
Diphenanthrazine, I. 5G5d 
Diphenazine, I. 5C4d, 5G5d, 
567a 

Diplienols from • phenol, II. 

305a, 307a 
Diphenyl, IV. 10a 
Diphenylamine, IV. 13a 
— , p-amino-, IV. 14o! 

— arsenious chloride, III. 11c 

— as stabiliser, IV. 520c 

— chloroarsine, in warfare. III. 

9a 

— , colour reactions, IV. 146 
• — , detn., IV. 533a 
— , 2:4-dinitro-4'-hydroxy-, IV. 
76 

— from phenol, II. 307c 

— hexanilro- (s-hexanitro-), T. 

549c; IV. Id d, 489a 
— , 1- and 4-nitro-, IV. 14c 
— , pyrolysis, II. 278c 

— sulphonic acid, Ba salt, as 

indicator, VI. 4306 
D phenyl, amino-derivs., IV. 
11c 

— , 2-amino-, pyrolysis, II. 278c 

— as heat transfer agent, 

II. 3056 

bisdiazonimn chloride, III. 

582a 

Diphenylchloroarsine, II. 
,256 ; III. 11c 

— in warfare. III. 8c, 11c 

Diphenylcyanoarsine in ' 

chemical warfare. III. 9d 
— , prepn.. III. 11c 
Diphenyl, 2:2'-diamino-, car- 
bazole from, II. 278c 
— , diaminohydroxy-, IV. 10a 
Diphenyldimethylolid group, 
IV. 14d! 

Diphenylenemethane, IV. 
156 

Diphenyl ether from phenol, 
II. 305a 

Diphenylhydrazine, VI. 301c 
Diphenyl, hydroxy-, from 
phenol, II. 3056 
Diphenylmethane, IV. 156 
— , 4:4'-dimethyldiamino - 3:3' - 
■ dimethyl-, IV. 5d 
Diphenylmethanedimethyl - 
dihydrazine, II. 293c 
Diphenylmethane perfume, V. 
519a 

Diphenylmethylolid, penta- 
hydroxy-, IV. 277d 
Diphenyl, octahydroxy-, II. 
195a 

Diphenyl oxide, IV. 16c 


Diphenyl oxide, as heat trans- 
fer agent, II. 3056 

, perfume, V. 519a 

■ — phthalate in lacquers, II. 
472c 

Diphenylpolyenes, II, 3986 
Diphenyls, chloro-, as heat 
transfer agents, IV. 10c, 11a 
Diphenylstibine chloride, I. 
433c 

Diphenyl sulphide, hexanitro- 
IV. 484c 

Diphenylsulphone, hexanitro-, 
IV. 484d 

as-Diphenylurea, I. 172a ; IV. 
14d 

Diphosgene in chemical war- 
fare, III, 86 

1 :3-Diphosphoglyceric acid, 
VI. 78a 

“ Diplosal," IV. 16c 
Dippel’s oil, I. 327d ; II. 29c 
“ Dipropassin" IV, 18d 
Di-isopropenyl, II. 155c 
Dipropylacetal, IV. 382d 
Dipropylacetoacetic acid, 
ethyl ester, I. 64d 
Dipropyl ketone, II. 181d 
Dipterocarpus spp., VI. 156c 
Dipy, III. 328c 
Diquinicine, III. 162a 
Diquinine carbonate, 1.4666 
Disaccharides (sec also Gly- 
cosides), II. 2986 
Disacryl, I. 1366 
“ Disalol,” IV. 16d 
Disazo-acid-Avool dyes, IV. 208a 

— “ benzidine ” dyes, IV. 216d 

— dyes from stilbene, IV. 221a 

— mordant azo-wool dyes, IV. 

213a 

Discharge styles in textile 
printing, IV. 184(7 
Discrasite, I. 4466 ; IV. 16(7 
Disinfectant action of metals, 
IV. 24(7 

— , bromidine, IV. 226 
— , Burnett’s fluid-, IV. 24a 
— , “ Campliorlar," IV. 30a 
— , " Caiadyn;’’ IV. 24(7 
— , chloralum, IV. 246 
— , chloride of lime (see also 
Bleaching powder), IV. 20c 
— , “ Chloros.r IV. 20(7 
— , “ De-Chlor," IV. 216 
— , “ Electrozone," IV. 216 
— , “ Oxychloride,” IV. 20(7 
— , pinol, IV. 31a 
Disinfectants (see also Anti- 
septics ; Pood preserva- 
tives), IV. 16(7 
— , acids, IV. 236 
— , alcohols, IV. 266 
— , aluminium chloride, IV. 246 
— , arsenic compounds, IV. 24c 
— , black, IV. 33(7 
— , boric acid, IV. 20a 
— , bromine, IV. 206, 226 
— , carbolic acid, II. 308c ; IV, 
296, 32a 

— , carbon dioxide, IV. 23a 
— , — disulphide, IV. 20a 
— , Chick-Martin test, IV. 32c 
— , chlorinated phenol, IV. 34a 
— , chlorine, IV. 206 
— , — peroxide, IV. 226 
— , chromic acid, IV, 24c 
— , coal-tar, IV. 296 
— , cyanogen, IV. 236 
— , fluorine, IV, 22(7 


Disinfectants , formalin (see aUo 
Formaldehyde), II. 297c 
3066 ; IV. 26c ; V. 297c! 
3226 

— , halogen, IV. 20a ■ 

— -, hydrocyanic acid, IV. 236 
— , hydrogen peroxide, IV. 19(t ; 

VI. 346(7 

— , hypochlorites, IV. 206 
— , hypochlorous acid, IV. 21(7 
— , iodine, IV, 22c 
— , lime, IV. 24a 
— , manganates, IV. 246 
— , mercury compounds, IV. 
25c 

— , nitric acid, IV. 196 
— , nitro-aromatic compounds, 
rV. 30c 

— , nitrogen oxides, IV. 106 
— , ozone, IV. 18c 
— , paraform, paraformalde- 

hyde, IV. 26(7 
, permanganates, IV. 246 
— , persulphates, IV. 20a 
— , iflienol, see Disinfectants, 
carbolic acid, 

— , Eideal - Walker test, IV. 
31(7 

— , silver nitrate, IV. 26a 
— , sodium hydrogen sulphate, 
IV. 20a 

— , substituted diphenyl com- 
pounds, IV. 34a 
— , sulphur, IV, 196 
— , sulphuric acid, IV. 19(7 
— , testing, IV, 31c 
~, white, IV. 33(7 
Disinfection, mechanism, IV. 
17a 

“ Dispargen,” IV. 34a 
Disperse phase. III. 2796 

rule. III. 2926 

Dispersing agents, II. 391a, 
427c ; III. 280(7 
Dispersion of cellulose. In 
4596 

" Dispersal," 1. iOd 
Dissociation, electrolytic, II. 
536c 

— of molecules, II. 531Cj 537c 
“ Dissociations ” in acid-base 

reactions, VI. 248c 
“ Dissolving Salt B,” IV. 130c 
Distempers, II. 4156 ; IV. 
303a 

— , borax in, II. 50(7 
— , casein in, II. 4146 
Distibonic acids, I. 4376 
Distillation, IV, 346 

— and relative 'volatility, IV. 

43c . , 

— , binary mixtm’es, IV. 41((> 

— , Coffey still for spirit, 1. 1 ' 0“ 
—, flash, IV. 346 
— , fractional, IV. 396, 486 
— , laboratory, IV. 346 

— of acetone-chloroform mix- 

tures, IV. 40c . 

alcohol-water mixtures, 

IV. 396 , 

azeotropes, IV. 38c, 40a, a, 

46c 

under reduced pres- 
sure, IV. 416 _ 

benzene-toluene mixtures, 

IV. 436, 49(7 ,, 

water mixtures, -i ' • 

37a Aifi 

binary mixtures, IV. 41“ 
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Distillation of completely 
miscible liquids, IV. 39(Z 

conjugate solutions, IV. 

37c 

■ ether-water mixtures, W. 

36a, 46(i 

liquid oxygen - nitrogen 

mixtures, IV. 42c 

partlv miscible liquids, 

IV. 38c 

— , partial, IV. oOa 

— with partial condensation, 

IV. 49c, 51a 

Distribution number of antbo- 
cyanins, III. 3416 
Distwenes, IV. 51c ' 

“ Disulphamin,” IV. 526 
Dita bark, I. 263a 
Ditaine, I. 2636 
Ditamine, I. 263a 
Di-n-tetradecyl ketone, II. 
183a 

1 :3-Ditetrazolyltricizene, VI. 
I49(Z 

1:4-Ditbian, IV. 380d 
Ditbian methiodide, IV. 371c 
Ditbiol for tin detn., II. 673a ; 
IV. 526 

Ditbionic acid, detn., volu- 
metric, II. 6676 
Diufortan, see Diiu’etin. 

“ Diuretin,” IV. 52c 
“ Divers' bends,” helium in 
treatment, VI. 199c 
Diversine, IV. 52c 
Divi-divi, W. 52d, 276d 
Divinyl, II. 1546 

— acetylene, I. 87c 
s-Divinyletbylene glycol, II. 

1566 

Dixantbogens, V. 2676 

Djav6 fat, I. 655a 

D.N.T. (dinitrotoluene), IV. 

466c, 4686 
Dobby, V. 1566 
Docimasy, IV. 53a 
Dodder oil, II. 237a 
Dodecylene, II. 177d 
Doelterite, I. 656d 
Doffer web, V. 147c 
Dog-tootb spar, II. 203c 
Dolerite, -III. 571a ; IV. 53o ' 

Dolomite, II. 204a ; IV. 536 
— , decomposition, II. 324c 

— for glassmaking, V. 560c 
rock, IV. 54a 

spar, IV. 53c 

Dolomitisation, III. 361a ; IV. 
546 

Domesticine, IV. 55a 
isoDomesticine, IV. 55a 
Domestine, IV. 55a 
Domeykite, IV. 556 
Donaxine, VI. 125c, 463c 
Donnan's membrane - equili- 
bria, III. 288c 

Dopa, equilibria (l-3:4-dihydr- 
oxyphenylalanine), 1. 3174! ; 
TV. 55c 

Dop brandy, II. 63c 
Dorema ammoniacwn, I. 336c 
Doremol, IV. 35c 
Doremone, IV. 55c 
“ Dormigene," IV. 55c 
“ Dormiol." IV. 555 
Dorr agitator and thickener, 
IV. 572a. c 

— bowl classifier, VI. lOStZ 
"Doryir ni. 94a 
Doss, IV. 55d 


Dossetin, TV. 33d 
Double layer of colloid par- 
ticles, III. 284a 

Doubling and twisting, V. 151a 
Doubly-refracting-spar, II. 
203c 

“ Dotxcil” VI. I44c 
Douglas powder, IV. 3566 
Dowmetal, I. 255d 
Downs electrolytic cell. III. 
old 

Dracaenic acid, IV. 56a 
Draconic acid, IV. 56a 
Dracorubin, IV. 56a 
Dracyl, IV. 55d 
” Draff,” II. 95c 
DragendorS's reagent, I. 235c 
Dragon's Blood, IV. 55d 
Drawing of candles, II. 265c 
Drecbsel’s extractor, IV. 577c 
Driers, IV. 916 
— , cerium in, II. 511a 

— for gases, IV. 79d 
“ Drikold,” SX. 56a 
Drop glim, IV. 56a 

— reactions (see also -under 

elements and radicals), II. 
579c 

, bibliography, II. 582c 

— reagents, VI. 423d 
Drosera wMttakeri, IV. 566 
Droserone, IV. 56c 

— , hydroxy-, IV. 56c 
Druggist’s bark (cinchona), 
III. 128d 

Drumine, r\^. 56d 

Dry cleaning, IV. 57a ; IV. 68a 

, carbon tetrachloride in, 

n. 356a ; IV. 576 

solvents, tests, IV. 57d 

^with trichloroethylene, I. 

1036 ; IV. 576 

Dryer, revolving plate, IV. 69c 
— , — rabble, IV. 69c 
Dryers, agitator, IV. 736 
— , band, IV. 776 
— , compartment, IV. 62a 
— , double shell rotary, IV. 66c 
— , drum, rv. 74c 

— for materials in lengths, IV. 

70d 

Dryer, single cylinder paper. 
TV. 726 

— , — shell rotary, IV. 66a 
Dryers, rotary, IV. 65c 
— , spray, IV. 73d 
— , tumbler, IV. 68a 
— , tunnel, W. 62a 
— , turbo, IV. 72d 
— , vacuum, IV. 62c 
— , vertical, IV. 686 
Dryer, vacuum band, IV. 78a 
— , — pan, rv. 73c 
Dry gases, reactivity. IV. 806 
“ Dry ice ” (see also "Drikold ”), 
II. 324d, 326d 

Drying (sec also Dehydration), 
rv. 58a 

— apparatus in analysis, II. 

5426 

— by drainage and settlement, 

rv. 58c 

evaporation, IV. OOd 

pressure, TV. 59a 

— , intensive. IV. 79c 

— of fattv oUs, reactions in, IV. 

926 

— oils, see OUs, drying. 

— on tentering machines, IV. 

72a 


353 

Dry liquids, boiling points, IV, 
81a 

Dryopbantin, V. 426a ; VI. 
876 

Dry substances, melting points, 

rv. 816 

, retarded combustion, IV. 

806 

, vapour densities, IV. 80d 

Ducbn, n. 488a 
“ Dudu-Dudu,” II. 3236 
Dufaycolor film, II. 453a 
Duff producer, V. 369d 
“ Dulcin,” rv. 93a 
Dulcitol, II. 2856, 296d ; IV. 
93a 

Dulse, I. 1996 
Dumasin, IV. 936 
Dumortierite, I. 370c 
Dumoulin’s liquid glue, V. 
506a 

Dung salt or dunging salt, I. 

478d; IV. 936 
Duodecyl alcohol, IT*. 936 

— aldehyde, IV. 93c 

“ Duotal," IV. 93c ; VI. 141o 
Du Pont powder, IV. 518a 
Duprene, definition, IV. 93c 
— , history, I. 746. 87c ; IV. 876 
— , prepn., I. 896 ; II. 153d 
Durain, V. 351a 
Duralumin, I. 251d, 277a 
Durangite, I. 264d 
“ Durangus,” IV. 93d 
“ Duranol ” dyes, I. 416, 205c 
Durene, III. 5396 
isoDurene, I. 66d ; III. 3396 
Durenol, IV. 93d 
“ Durez,” IV. 93d 
“ Durite,” IV. 93d 
” Durocaine," I. 369d ; IV. 93d 
“ Duron," TV. 93d 
Duroprene, see Duprene. 
Durrba, II. 482c 
Durum wheat, II. 76c 
Dust, adsorptive properties, IV. 
95d 

— clouds, stabUity, IV. 97a 
— , electrical ignition. IV. OOd 
— , — properties, IT’'. 96a 

— explosions, 1. 160a ; TT. 94a, 

97a, 1016 

, precautions against, IV. 

1036, 118d 

— respirators, IV. 106d 

— separation by filtration, IV. 

996 

various methods, IV. 

98c 

Dusts, ignition temperatures, 
IV. 100a 

— , industrial, I. 160a ; W. 94a 
— . particle sizes in, I. 160a ; 
IV. Old, 98a 

— , physiological effects, IV, 
lO'od 

“ Duxite." IV. 1206 
Duyk, IV. 2 Id 
Dyeing, IV. 120c 

— cellulose acetate and viscose 

rayon mixtures, IV, 14.5a 
rayon, IV. 138d 

— cotton, after-treatment. IV. 

1316 

and viscose rayon, IV. 

1456 

— with basic dyes, IV. 132a 

direct dyes. IV. 131a 

— cub'Jtantive dvcs, IV. 

131a 
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Edulcoration, IV. 253c - 
Edwarsite, II. 512& 
Efilorescence, IV. 253d 

— of masonry, II; 128& 

Egg fruit,' IV. 257a 

— , hen’s, IV. 253d 
“ Egoh,” IV. 257c 
“ Ehof,” V. 266c 
Ehrlich 418 and 914, I. 4916, 
492a 

Eicosoic acid, I. 4546 
“ Eikonogen,” IV. 257d 
Edoart's extractor, IV. 589a 
Einstein’s equation for vis- 
cosity of sols. III. 290c 
Eka-boron, II. 511d 
Eka-silicon, 'V. 520c 
Ekkain, IV. 250d 
Eksantalal, IV. 257d 
“ Ektogan,” IV. 258a 
Eleeis guineensis, III. 238c, 
243a 

Elaeomargaric acid, IV. 258a 
Elaeoptene, IV. 258a 
Elaeostearic acid, a- and IV. 
25Sa 

6-Elaeostearin, oxidation, IV. 
926 

Elaidic acid, IV. 258d ; VI. 
184c 

derivs., IV. 2596 

Elaidin reaction, IV. 258d 
“ Elarson," IV. 259c 
Elastins, VI. 216 
Elaterin, IV. 259c 
Elateriuna, IV. 259c 
Elderberry, IV. 259d 
Elecaimpane, 1. 1756 
“ Electrargol," IV. 260c 
Electricad endosmose. III. 283d 
Eleotrodeposition (see also 
under Analysis), IV. 260c 
Eleotrodeposits, testing, IV. 
270d 

Electrodes, carbon, manu- 
facture,- I. 268d ; II. . 
■ 313c 

Electrodispersion, III. 281a 
Electrogalvanising iron, IV. 
267d 

Electro-kinetic potential. III. 
283d 

Electrolysis, Faraday’s laws, 
IV. 261a 

Electrolytic extraction of 
metals, IV. 260d 
Electron compounds in alloys, 
VI. 2826 

— concentrations in alloys, VI. 

2836 

Electronic theory in inorganic 
chemistry, IV. 272c 
organic chemistry, IV. 

274d 

Electron, positive, I. 542d 
Electrons, I. 541a 
Electro-osmosis, III. 283d 
Electroplating, IV. 260c 
— , boron in, II. 51a 

— with cadmimn, II. 193a 
Electrovalency, III. 334a ; IV. 

272c 

“ Elektron:’ I. 255d 
Elemene, and tetr.ahydroele- 
mene, IV. 276a 
Elemi, 275a 
Elemicin, IV. 275d 
Elemi in lacquers, II. 409d 
Elemol, and tetrahvdroelcmol, 
IV. 276a 


Eleusinin, II. 48Sd 
Eliasite, VI. 154d 
Eliquation, IV. 276d 
Elixir vita:, II. 520c 
Ellagic acid, II. 195a, 439a ; 

IV. 15a, 276d 
Elm-seed oil, IV. 278c 
“ Eloxyl ” protection of metals, 

III. 392c 

Elutriation, IV. 278d 
Emanimn, I. 1376 
“ Embarin,” IV. 278d 
Embden ester, V. 22a, 366 
Embden’s scheme of lactic acid 
formation in muscle, VI. 
766 

Embelia ribcs, IV. 279a 
Embelic acid or embelin, IV. 
279a 

Embolite, II. 107d, 481c, 516d ; 

IV. 279a 

Embossing, V. 189a 
Emerald, I. 6856 ; IV. 279a 
“ Emerald, Brazilian,” V. 513d 
Emerald, chromium in. III. 
966 

— -copper. III. 355d ; IV. 7d 
Emeraldine, VI. 419c 

“ Emerald, litliia,” V. 513d 
“ Emerald, Oriental,” HI. 
398d ; V. 513d 

“ Emerald, Bralian,” V. 513d 
Emery, I. 4a ; III. 398d ; IV. 
279d 

— paper, T. 46 
Emetamine, IV. 280d 
Emetine, IV. 280d 

— bismuthous iodide, IV. 282a 
— , occurrence, IT. 480d 
Emicymsirin, VI. 87d 
Emmenin, VI. 2696 
Emmens' acid, IV. 483d 
Emmensite, IV. 483d 
Emodin, HI. 116c 
Emodinanthranol, II. 120c 
Emodin, w-hydroxy-, V. 55c 

— in buckthorn, II. 120c 

cascara sagrada, II. 410d 

Eknpire powder, IV. 518a 

" Empirin," I. 517d ; IV. 282c 
Empressite, IV. 282c 
” Emulgaior 157," IV. 286c 
Emulsification, IV. 284a 
Emulsifying agents, II. 427c ; 
IV. 284c 

, complex nitrogen derivs. 

as, IV. 286c 

from polyhydric alcohols, 

IV. 286c 

, mixed, IV. 286d 

• , patents summarised, IV. 

287-290 

, solid, IV. 280d 

, Turkey-red oils in, II. 

421d 

Emulsin, II. 299d, 442c ; IV. 
282d 

— , action on cellobiose, II. 
442d 

Emulsions, IV. 284a ; VI. 500d 
— , aged, IV. 2926 
— , biologic,al,-IV. 301a 
— , casein in, II. 4146 
— , chromatic, IV. 293c 
— , concentration of disperse 
phase in, IV. 2906 
— , cosmetic, IV. .303c 
— , creaming, IV. 291« 

— , determination of type, IV. 
291c 
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Emulsions for leather, IV. 
302d 

, — , homogenisers for, IV. 205c 
— , oil in water, IV. 284a 
— , optical properties, IV. 2936 
— , pharmaceutical, IV. 303c 
— , phase inversion, IV. 293d 
— , photographic, II. 4506 
— , prepn.. III. 292d; IV. 294c 
— , size-frequency analysis, IV. 
2916 

— , stability, IV. 2926 
— , Stoke’s law for, IV. 291a 
— , viscosity, IV. 292c 
— , water in oil, IV. 294a 
En, HI. 329c 

Enamel, boron in, II. Sla 
Enamelling furnaces, IV. 300d 
— , iron suitable for, IV. 304c 
Enamels (see also Glass), IV. 

303d, 307a ; VI. 12d 
— , fritting and milling, IV. 
306a 

— , under-glaze colours, VI. 13a 
Enantiotropic, definition, line 

I, I. 242c 

Enargite, HI. 341c ; IV. 307d 
Endive, IV. 308a 
Endocamphene, II. 238a 
Endoiminotriazoles, VI. 150a 
Enfleurage, II. 1866 
English powder, I. 2016 
Engobe, VI. 11a 
Enhydros, II. 5176 
Enolase, V. 27c ; VI. 77a 
Ensilage, IV. 3086 

— losses, IV. 310c 
Enstatite, IV. 311a 
Ehterokinase, IV. 311a 
Enzyme action, conditions in- 
fluencing, IV. 312c 

— activators and inhibitors, 

IV. 312d 

— reaction kinetics, IV. 313c 
Enzymes (see also Fermenta- 
tion, alcoholic ; F., bac- 
terial ; F., mould), I. 303c ; 

II. 99d; IV. 311a; VI. 
395a 

— , amylolytic, in cotton bleach- 
ing, II. 56 

— , dehydrogenases, IV. 3156 
— , glycosidic, VI. 390c 

— in bryony root, II. 119c 
degumming of silk, II. 

186 

industry, IV. 3156 

— of yeast, II. 99d 

— , oxidising, 3156 

— , proteoclastic, in dough, IT. 
766 

— , purification, IV. 313a 
— , syntheses effected by, V. 

48d, 57d; VI. 3966 
Eosin, IV. 316a, 6 

— -Methylene Blue stain for 

starches, II. 502d 
Ephedine, IV. 3176 
Ephedra spp., 816c 

Ephedrine, IV. 316c 
lA-Ephedrine and related bases 
IV. 316c 

“ Ephetonal," TV. 317c 
“ Ephetonin," IV. 317c 
Epibomcol and epi-isoborncol, 
IV. 318a 

Epicamphor, 318c 
— , hydroxy-, II. 31c, 215d 
— , fsonitroso-, II. 247a 
“ Epicarin,” IV. 319a 
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Epicatechin, II. 4356 
/-Epicatechin, I. 116 
EpicMtosaraiiie, II. 295c 
Epicliitose, II. 295c 
Epichloroliydrins, a- and B-, 
IV. 319a, 3206 
Epicliolestariol, III. 896 
Epicinclioiiidine, III. 153fZ 
Epicinchonine, III. 158a 
Epicoprostanol, III. 896 
Epididymite, IV. 3946 
Epidiorite, IV. 320c 
Epidosite, IV. 320d 
Epidote, IV. 320c 

— -schist, IV. 320d 
Epifucose, II. 287c 
Epiguanine, VI. 206d 
Epihydriii. alcohol, VI. 71c 
Epiliydrocmcliomdine, III. 

102c 

Epihydrocinclioniiie, III. 
163d 

Epiliydroquinidine, III. 1056 
Epihydroqpiniiie, III. 166(7 
Epimerism of sugars, II. 2896 
Epinephrina (U.S.P.), I. 145c 
Epinephriiie, I. 145c, 147(7 
“ Epinine,” I. 147d ; IV. 321a 
Epiosine, IV. 321a 
Epiphase of carotenoids, II. 
398(7 

Epiphasic esters, I. 1376, foot- 
note. 

Epicjuinidiae, III. 128a, 171(7 
Epiquinine, III. 128a, 1776 
“ Epirenan,’’ I. 147(7 
Epirharmiose, TI. 287c ; IV. 
321a 

“ Eponit," 1. 153a 
Epsomite, IV. 3216 
Epsom salts, IV. 3216 
Equilenin, VI. 209a, c 
— , synthesis, VI. 271a 
EqTiilibrium, chemical, II. 
o33c ; IV. 338c 

— constant, II. 633c ; IV. 338c 

— ester of fermentation, V. 22a 
E(piilin, VI. 269a, c 

Erbia, IV. 322c 
Erbium, IV. 3216 

— acetate, IV. 323d 

— boride, IV. 323d 

— bromate, IV. 323a 

— bromide, TV, 322d 

— carbonate, IV. 323c 

— chlorate, IV. 322(7 

— hydroxide, IV. 322c 

— iodate and iodide, IV. 323a 
— ' nitrate and nitride, IV. 323c 

— oxide, IV. 322c 

— oxychloride, IV. 322(7 

— perchlorate, IV. 322(7 

— periodate, IV. 323a 

— phosphates, IV. 323c 

— platinocyanide, IV. 323d 

— selenates, selenides and 

selenites, IV. 3236 

— sidphate, IV. 323a 

— sulphide, IV. 323a 

— trichloride, IV. 322d 

— trifluoride, IV. 322d 
Erdin, V. 586 
Erectbidis oil, IV. 323d 
Eremite, II. 5126 
Eremopbilone, IV. 324a 
— , hydroxy-, IV. 324a 
Erepsin, IV. 325a 

— in cabbage, II. 182d 
Ergine, IV. 328a 
^gobasjne, IV, 330d 


Ergochrysin, IV. 332d 
Ergoclavine, IV. 327d 
Ergocristine, IV. 327c, 328d, 
3306 

Ergocristinine, IV. 327c, 328d, 
3306 

Ergoflavin, IV. 332d 
Ergoline, IV. 3296 
Ergometrine, IV. 327c, 328c, 
d, 330c 

Ergometrinine, IV. 327c, 
328c, 330c 

Ergonovine, IV. 330d 
Ergosine, IV. 327c, 328c, d, 
330c 

Ergosinine, IV. 327c, 328c, d, 
330c 

Ergostanes, a- and alio-, IV. 
320a 

Ergosterol, IV. 325c 

— from moulds, V. 57a 

— in ergot, IV. 331c 
rice, II. 4946 

— , irradiation, II. 201c 
Ergostetrine, IV. 330d 
Ergotamine, IV. 327d, 32Sd, 
3306 

Ergotaminine, IV. 327c, 328d, 
3306 

Ergot, assay, IV. 330d 
— , detection, in flour and bread, 
IV. 332d 

Ergothioneine, IV. 3326 
Ergotinine, IV. 3276, 328a, 
330a 

Ergotocine, IV. 330d 
Ergot of rye, ergoia. IV. 326d 
Ergotoxine, W. 327c, 3286, c, 
3296, d 

Ergot, sugar in. II. 300c 
Ericaces^ spp., I. 457c ; II. 

234d ; VI. 9.36, 190a 
" Ericin;' IV. 3336 
Ericolin, IV. 3336 
Erigeron canadensis, IV. 333c 
Erigeron oil, IV. 333c 
“ Erinoid,” IV. 333d 
Eriococcus coriaceus, IV. 333d 
Eriodictyol, IV. 333d 
Eriodictyon ghdinosum, IV. 
333d 

Eriodonol, IV. 333d 
Eriodyctionon, IV. 333d 
Erioglaucine, IV. 334c7 
Erubescite, JI. 32d ; III. 341c 
Erucic acid, II. 06d ; IV. 334c 

derivs. and salts, IV. 

3356 

in cameline oil, II. 2376 

, oxidation, II. 676 

— anhydride, IV. 3356 
Erucin, IV. 3356 

“ Ervasin," IV. 335c 
Erytbrene, II. 1546 
Er^bric acid, I. 243d 
Ersrthrin, IV. 335c 
Erjrtbrite, I. 469a ; III. 2146 ; 
IV. 335c 

Erytbritol, I. 501c ; II. 2966 

— formins, V. 3276 

— from moulds, II. 2966; V. 51c 
— , reaction with hydrogen 

iodide, II. 173d 

Erytbroapocyanine, III. 529a 
Erythrocytes of blood, II. 19d 
Erytbroglaucin, y. 54d 
Er 3 rtbrophleme, II. 3816 
Erythropbloeic acid, W. 336a 
Erythrophlceum spp., alkaloids, 
IV. 335d 


Erythroquin reaction, III 
136c 

Erythro-resinotannol, I. 6186 
Erythrosin, IV. 316c, 3366 
Erythroxyanthraquinone, I 

206a, 212d, 216a 

2:4-disulphonic acid, I. 3906 

2-monosulphonic acid, I. 

3906 

Erythroxylum coca, E. spp., III. 
222d 


Erythrozyme, IV. 3376 
“ Esbit,” 1. 153a 
Eseramine, II. 200a 
Esere nut, II. 198d 
Eserethole, II. 199d 
Eseridine, II. 2006 
Eserine, II. 198(7 
Eseroline, II. 1996 
Esop test, IV. 5506 
Esparto, I. 199a 

— cellulose, xylan in, II. 303c 

— paper, II. 402a 

“ Essence of pearl,” V. 605(7 
Essigsprit, I. 446 
Esterases, IV. 314a, 347(7; 

VI. 3956, 390d 
“ Ester gum,” I. 3a 

in lacquers, II. 4C9a, 

4726 

Esterification, IV. 3376, 347a 

— by enzymes, IV. 347d 

— , catalytic (see also Catalysis), 
II. 4286 ; TV. 337c, 338(7 ; 
VI. 222c, 257(7 

— , — , constitutional relation- 
sliips, IV. 340c 

— , — , effect of structure of 
alcohols, W. 343d 
— , — , practical applications, 
IV. 343c, 372a 

— , — , with aliphatic acids, con- 
stitutional effects, IV. 340(7 
— , ■ — , — aromatic acids, con- 
stitutional effects, W. 342a 
— , — , — dibasic acids, con- 
stitutional effects, IV. 341c 
— , — , — ketonic acids, con- 
stitutional effects, IV. 341(7 
— , direct, IV. 3446 
— , — , velocity constant, I' • 
3456 

— , effect of neutral solvents, 
IV. 340a 

— , water, IV. 339d 

— of dibasic acids, IV. 3466 

sulphonic acids, IV. 34 /d 

— , steric hindrance, 340(7 


— , theories, IV. 348a 
— , vapour phase, IV. 3406 , 34 (c 
— , velocity constant, IV. 33 (C, 
339c, 3436, 3496 
Esters of polyhydric alcol^s 
as emulsifying agents, 1' • 


— , prepn., II. 372a ; IV. 347a 
— , reaction with alcohols, ' 


397c 

— , reduction, II. 374c 
— , sulphonic, as 


II. 448c 

“ Eston,” IV. 349d 
“ Estoral,” IV. 349d 
Estrichgips, II. 1306, 131a ; 
IV. 349d 


Eta acid, c-acid, IV. 349d 
Etain de glace, I. 694 
Etard’s reaction, I. 194^^ 
Etching solutions, V. 000(7 
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“ Etelen ” I.G., IV. 350« 
Ethane, IV. 3036 
— , 2-bromo-l-iodo-, IV. 373d! 
— , cliloropentabi'omo-, II. 320tZ 
— , defcn., (see Methane, detn.), 
II. 6S4a' 

— , s-dibromo-, IV. 373c 
— , dibroinotetrafluoro-, II. 
3236 

— , s-dichloro-, I. 19c; IV. 374a 
— , aa - dichloro - - tetra - 

bromo-, II. 321a 
1 :2-Ethanediol, IV. 3776 
1 :l-Ethanediol diethyl ether, 

I. 34c 

l:2-Ethanedithiol, IV. 3816 
Ethane, hexabromo-, II. 320c 
— , hexachloro-, I. 97d, 105a ; 

II. 173c, 323c, 354a 

— , hexafluoro-, II. 3236,; IV. 
361c 

— , pentabromo-, IV. 35Sa 
— , pentachloro-, I. 97d, lOOd, 
104d; IV. 359c 

Ethanes, as- and s-tetrachloro-, 

I. 98a ; IV. 359c 

— , trichloro-, I. 98a ; IV. 

359c 

EthanesuJphonic acid, IV. 
370d 

Ethane, tetrabromo-, IV. 357c 
— , s-tetrachloro-, I. Q7d, 98a 
— , tetrachlorodibromo-, II. 

321a 

Ethanethiol, IV. 369c 
Ethane, tribromo-, IV. 357c 
— , aaS-tribromo-afifi-trichloro-, 

II. 321a 

— , aa/S-trichloro-, I. 98a 
Ethanol, sec Alcohol ; Ethyl 
alcohol. 

Ethenyl trichloride, IV. 359c 
Ether (sec also Anaesthetic 
ether ; Ethers), IV. 384a 
Etherates, IV. 385a 
Ether, autoxidation, IV. 3876 
— detn., II. 683a 

— explosions, prevention, IV. 

388a 

— , luminescent oxidation. III. 
236 

— manufacture, IV. 385c 
— - peroxides, IV. 351, 388a 
Ethers, IV. 350a 

— , action of heat and light, IV. 
352a 

— , addition compounds, W. 
351d 

— , polyhydric, as emulsifying 
agents, IV. 286c 
‘ Ethobrome,” I. 559fZ 
Ethocaine (see also “ ^tho- 
caine ”), II. 346 
Ethoxide, )3-hydroxy-, sodium, 
IV. 377d 
Ethyl, IV. 353c 
Ethylacetal, I. 34c 
Ethyl acetate, I. 28a, 51a ; IV. 
383d! 

, /S-broino-, IV. 373c 

— ■ — , catalytic production, II. 
535d 

■ , formation, II. 4236 

from Penicilliitm digita- 
ium, V. 616 

, /3-hydroxy-, IV. 373a 

■ production, I. 50r7 

■ , specification, II. 4726 

— acetoacetate, I. 62a 
> a-bromo-, I. G3c 


Ethyl acetoacetate, aa-di- 
bromo-, I. 63c 
semicarbazone, I. 63d 

— alcohol (see also Alcohol), II. 

426d 

, /3-amino-, III. 94a 

, /S-bromo-, IV. 3736 

, /3-chloro-, IV. 3756 . 

, detn., in vapours, II. 683a 

from moulds, V. 51a 

, jS-nitro-, IV, 379d 

, specifications, II. 4726 

, /3;8/3-tribromo-, I. 559d 

, vapom pressme, I. 180a 

, viscosity, I. 1806 

Ethylallene, I. 240c 
Ethylamine, IV. 353c 

— from acetylene, I. 84d 
— , tri-/3-hydroxy-, I. 307a 
Ethyl ammonium selenite, IV. 

367d 

Ethylfsoamylmalonylurea, I. 
365d 

Ethylaniline, IV. 383c 
— , a-hydroxy-, VI. 402a 
Ethyl anthranilate, IV. 3S3d 

— antimonite, IV. 356c 

— arsenate, IV. 356c 

— arsenite, IV. 356c 

— benzoate, I. 680d ; IV. 383d 

— borate, IV. 356c 

— boride, ‘IV. 356d 

— ■ borosalicylate, II. 53c 

— bromide, IV. 356d 

a - Ethyl - a - bromohutyryl - 
carbamide, I. 141a 
Ethyl butyrate, II. 181c ; IV. 
3S3d 

— fsobutyrate, II. 181c ‘ 
Ethylbutyric acid, a- and B-, 

II. 271c, d 

a-Ethylbutyrolactone acetic 
acid, VI. 262c 

Ethylcarbazole in chemical 
warfare. III. 10c 
— , production. III. lid 
Ethyl carbimide, IV. 850d 

— carbonate, II. 322a ; IV. 

358a 

— carbylamine, IV. 360c 

— cerotate, II. 516c 
Ethylchloramine, IV. 354d 
Ethyl chloride, IV. 3586 

— chlorocarbonate, II. 322a 

— cinnamate. III. 181c ; IV. 

384a 

— compounds, sec also itnder 

Diethyl and Ethane. 
Ethylcupreine, III. 1616 
Ethyl isocyanate, IV. 359d 

— cyanide, IV. 360o 

— isocyanide, IV. 360c 

■ — Cyanine T, III. 5156 

— cyanurate, IV. 360d 

— isocyanurate, IV. 301a 

— diazoacetate. III. 599a 
, reaction with camphene, 

II. 238a 

Ethyldibromoamine, IV. 354d 
Ethyldibromoarsine produc- 
tion, ni. lid 

Ethyldichloramine, IV. 354d 
Ethyldichloroarsine produc- 
tion, III. lid 

Ethyldi-iodoamine, IV. 354d 
Ethyldi-iodostibine, I. 433d 
Ethyldimethylcarbinol, II. 
359d 

Ethyl diselenide, IV. 307c 

— disulphide, IV. 370c 


Ethyl ditelluride, IV. 372a 
Ethylene, IV. 3726 
1:2-Ethylene acetals, I. 37a 
Ethylene bromohydrin, IV. 
3736 

— bromoiodide, IV. 373d 
— , bromotrichloro-, II. 320d 

— chlorohydrin, IV. 3756 

— chlorobromide, IV. 375c 

— chloroiodide, IV. 375d 

— , chlorotribromo-, II. 32 Od 

— isocyanate, IV. 375d 

— cyanide, IV. 376a 

— cyanohydrin, IV. 373d 
— , detn., II. 683a 

— diacetate, IV. 3736 
Ethylenediamine, IV. 376a 

— reagent for dyes, IV. 149c, 

157d 

Ethylene dibromide, IV. 373c 

, bromo-, IV. 357c 

, prepn., II. 1106 

— dichloride, IV. 374a 

, as insecticide, II. 356d 

— , as-dichloro-, IV. 374c 

— , s-dichloro-, I. 104a ; IV. 7b, 
374c 

— , cis- - and frans-dichloro-, I. 
87d, 976 

— , aa-dichloro-S/3-dibromo-, II. 
320d 

Ethylene diethylamine, IV. 

376c 

Ethylene-as-diethyldiamine, 

IV. 376c 

— diethyl sulphide, IV. 381c 

— di-iodide, IV. 379c 

— dimethyl sulphide, IV. 381c 
Ethylenedinitramine, IV. 

489c 

Ethylene dinitrate, IV. 379d 

— dithiocarbonate, IV. 381c 
— , dithiocyano-, IV. 381d 

— , exchange reaction with deu- 
terium, VI. 374d 

— from acetylene, I. 79c 

— glycol (see also Glycol), I. 

19c ; IV. 3776 

dinitrate, IV. 489d 

monoacetate, IV. 373a 

, mono- and di-formin, V. 

326a 

n-butyl ether, II, 1796 

— — monoethers, II. 443a 

in lacquers, II. 470a 

— , hydrogenation, VI. 374c 
Ethylenemiine, IV, 379c 
Ethylene mercaptan, IV. 3816 

— monoacctate, IV. 3736 
— , monochloro-, IV. 374c 
— , nitro-, IV. 370c 

— oxide, IV. 379d! 

as fumigant, II. 301c ; 

V. 3956 

, bromo-, IV. 3806 

, chloro-, IV. 3806 

, detn., II. 0836 

— , oxido-, o^-dicarboxylic acid, 
from Monilia, V. 51d 

— ozonide, IV. 3806 

— , perchlor- (see also Ethylene, 
tetrachloro-), I. 076, 906, 
1046 

— production, II. 4286 

— selenocyanate, IV. 380d 

— sulpliido, IV. 381c' 

— , tetrabromo-, II. 320c 

— , tetrachloro- (sec also Ethyl- 
ene, perchlor-), I, 104’6 ; 
rv. 3756 
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Ethylene, t-elraRuoro-, II. 3236 
— , tetraiodo-, II. 2816 

— thiocarbamido liydrocblorido, 

IV. 381d 

— , triclilor-, sec Btliyleno, tri- 
cliloro-. 

— , trichloro-, antinouralgic, III. 
86a 

— , — , as solvent, I. 1026 ; II. 
35G6 

— , — , prepn., I. 09c ; II, d28fZ 
— , — , properties, I, 97(Z ; 1006 ; 
IV, 37-ifZ 

— trithiocarbonate, IV. 381c 
Ethyl ester number, III, 235a 

— esters as perfumes, IV. 383d 

— ether (see also Ether), IV. 

384a 

, detn., in vapours, II. 

C)83a 

, a^-dichloro-, I. 21c 

, ^^'-dichloro-, IV. 389a 

, ethyl ajS-dichloro, I. 21c 

production, II. 4286 

— ethylene, II. 177a 

— ethylsulphonate, IV. 371a 

— ferrocyanide, IV. 3016 

— fluoride, IV. 3016 
Ethylformal, 1. 346 
Ethyl formate, IV. 301c 

, )3-chloro-, IV. 375c 

aa-dichloro-, IV. 302a 

Ethylglyoxaline, 4-fl-amino-, 

IV. 331cZ 

Ethylhydrazine, TV. 302a 

— sulphonate, potassium, IV. 

3026 

Ethylhydrocuprein, III. 137a, 
1016, 107c 

Ethyl hydrogen i)eroxide, IV. 
3006 

Ethylhydroxylamine, a- and 
P-, IV. 362(Z 

Ethyl hypochlorite, IV. 303cZ 

— hyponitrite, IV. 3046 
Ethylidene acetamide, IV. 

381cZ 

— alkyl ethers, IV. 382cZ 

— biuret, IV. 382a 

— “ bromoiodlde, IV. 3826 

— chlorobromide, IV. 3S2c 

— chloroiodide, IV. 382c 

— chlorosulphonic acid, IV. 

383c 

— diacetate, I. 37(Z, Old ; IV. 

381d 

— dibromide, IV. 3826 

— dibutyrate, I. 37d 

— dichloride, IV. 382c 

— diethyl ether, I. 34c 

— di-iodide, IV. 383a 

— dipropionate, I. 37d 

— dipropyl ether, IV. 382d 

— disulphonic acid, IV. 383c 

— ethoxyacetate, IV. 3836 

— ethylene oxide, IV. 3836 

— ethyl propyl ether, IV. 382d 

— glycol, I. 21a 

hydroxysulphonic acid, IV. 

3836 

Ethylideneimine, IV. 383a 
Ethylidene methyl propyl 
ether, IV. 382d 

sulphonic acids, IV. 3836 

N-Ethylindole, I. 84c 
Ethyl iodide, IV. 3046 

— iodoacetate in warfare. III. 

8c 

, prepn.. III. lid 

— lactate in lacquers, II. 4706 


Ethyl laurate, IV. 884a 

— mercaptan, IV. 309c 

— metapJiosphate, IV. 300d 

— methyldiphenylurea, II. 480c 
Ethylmorphine hydrochloride, 

IV. 7c 

Ethyl nitrate, IV. 304d 

— nitrate, S-iodo-, IV. 3056 

— nitrite, IV. 3056 
Ethylnitroamine, IV. 354d 
Ethyl nitrogen chloride, IV. 

354d 

— nonylate, IV. 384a 

— orthocarbonate, IV. 358a 

— orthophosphate, mono-, IV. 

300c 

Ethylpelargonic acid, VI. 2046 
Ethyl pentasulphide, IV. 370d 
p-Ethylphenol in castor, II. 
419d 

Ethyl phenylacetate, IV. 384o 

— phosphates, IV. 300c 

— pho.sphite, mono-, IV. 307a 

— liho.sphites, IV. 300d 
Ethylphosphoric acid, mono-, 

IV. 30Cc 

Ethylphosphorous acid, IV. 
307a 

Ethylpiperazine, fi-amino-, IV. 
377a 

Ethylpropylacetic acid, VI. 
205c 

Ethylisopropylacetic acid, VI. 
205c 

N-Ethylquinaldine from ace- 
tylene, I. 84c 

Ethylquinuclidone oxime, III. 
104c 

Ethyl salicylate, IV. 384a 

— selenides, IV. 307c 
Ethylseleninic acid, IV. 3076 
Ethyl selenium compounds, 

IV. 3076 

— selenomercaptan, IV. 3076 

— sulphate, di-S-bromo-, IV. 

309a 

— sulphates, mono- and di-, IV. 

308a 

— sulphide, IV. 370a 
Ethylsulphinic acid, IV. 370c 
Ethyl sulphite, 8-chloro-, IV. 

3G9c 

, mono-, IV. 3096 

Ethylsulphonic acid, IV. 370d 
Ethyl sulphoxide, IV. 3706 
Ethylsulphuric acid, IV. 368a 

, a- and fi-bromo-, IV. 

308d 

, chloride, IV. 368c 

Ethyl sulphydrate, IV. 369c 

— telluride, IV. 372a 

— tetrasulphide, IV. 370d 

— thiocarbimide, IV. 371d 

— isothiocyanate, IV. 37 Id 

— titanate, IV. 372a 

— trisulphide, IV. 370d 
“ Etoscol” III. 558d 
Etu, III. 3336 

“ Eubornyl,” IV. 3896 
“ a-Eucaine" IV. 3896 
" B-Eucaine," 1. 3G9a, 6C7a; IV. 
3896 

— borate, II. 346 
Eucairite, IV. 389d 
Eucalyptol, see 1:8 Cineole, and 

under Cineole. 

Eucalyptus globulus, antimalarial 
properties, IV. 31a 

, globulol from, II. 256 ; 

VI. 136 


Eucalyptus macrorliynchcu lY. 

391a 

— spp., disinfectant, IV. 31a 
, essential oils, II. 256; 

IV. 389d 

Eucarvone, IV. 3916 

— from d-carvone, II. 408« 

“ Eucatr opine," IV. 401a 
Eucazulene, I. 119d 
Euchrysin 3R, I. 132a 
Euclase, I, 685a; IV. 392a; 

VI. 13c 

“ Eucodal,” IV. 3926 
“ Eucodeine," IV. 3926 
“ Eucol," II. 431d ; IV. 3926 
Eucryptite, IV. 3926 
“ Eucupin," III. 1086 ; IV. 
392c 

Eudalene, IV. 27Ca, 325a, 
392c, 393a 

Eudesmin, IV. 392c 
Eudesmol, IV. 393a 
Eudialyte, IV. 394a 
Eudidymite, IV. 3946 
“ Eudrenine,” IV. 3946 
“ EugalloU" IV. 3946 
Eugenia aromaiica, cloves from, 
III. 204c 

— caryophyllata, eugenol from, 

III. 2076 ; IV. 394c 
Eugenol, IV. 394c 
fsoEugenol, cis- and trans-, 

IV. 397d, 398c 

Eugenol, bromo-derivs., IV. 
390d 

tVoEugenol, bromo-derivs., IV. 
400a 

Eugenol from clove oil, IV. 
395a 

isoEugenol from eugenol, IV. 
397d 

Eugenolglucoside, IV. 897c 
Eugenol in essential oils (see 
also Eugenia spp.), II. 249c, 
269c, 411a ; III. 183c 

— a-naphthylurethane, IV. 397c 

, 5-nitro-, IV. 396c ' 

isoEugenol, 5-nitro-, IV. 400a 
Eugenol perfiunes, IV. 4006 

— phenylurethane, IV. 397c 
isoEugenol, IV. 397d 

— , acyl derivs., IV. 399c 
— , cis- and Zrans-isomers, IV. 
398c 

— phenylurethanes, cis- and 

irans-, IV. 399a 

— s-trinitrobenzene compound, 

IV. 399d 

— , vanillin from, IV. 399a 
Eugenyl acetate, I. 436 ; IV. 
396d 

isoEugenyl acetate, cis- and 
irans-, IV. 399d 
Eugenyl alcohol, IV. 397c 
ZsoEugenyl benzoate, cis- and 
irans-, IV. 399d 
Eugenyl carbonate, IV. 3976 
ZsoEugenyl carbonate, IV. 400a 
Eugenyl chlorocarbonate, I* • 
3976 

— methyl ether, IV. 394a, 

397a 

isoEugenyl methyl ether, Iv. 
307d, 400a 

Eugenylphosphoric acid, IV. 
397c 

Eugenyl sulphate, potassium, 
IV. 3976 . • 

Euglenarhodone, II. 400a, 
401a 



“ EukodaV’ IV. 3926, 4006 
“ Eulatin," IV. 4006 
Euler and Diels’ synthesis, I. 
401c 

Euonymin, II. 387d! ; IV. 400c 
Euonyznite, see Dulcitol. 
Euonymol, IV. 400c 
Euonymus, E. atropurpureus, 

IV. 400c 

Euonysterol, IV. 400c 
Eupad, IV. 21d, 400c 
Eupatheoscope, VI. 2886 
Euphorbia resinifera, E. spp., 
IV. 400c ; IV. 5Qd, 2776 
Euphorhic acid, euphorbol and 
euphorbone, IV. 400d 
Euphorbium, IV. 400c 
Euphotide, V. 4096 
“ Euphthalmin," IV. 401a 
•• Euphyllin,” I. 326a; IV. 401a 
Eupittone, eupittonic acid, IV. 
401a 

“ Eupnine vernade," IV. 401d 
" Euporphin,” II. 118c ; ' IV. 
401d: 

“ Euquinine," IV. 401d 
“ Euresol." IV. 401d 
Eurbodines, I. 56Sd, 568a 
Eurbodols, I. 563d, 568a, 569c 
'‘Eurobin," IV. 402a 
Europic carbonate, IV. 4046 

— chloride, IV. 403d 

— hydroxide, IV. 404a 
■ — iodate, IV. 404a 

— nitrate, IV. 4046 

— nitrite, IV. 404c 

— oxide, IV. 403d 

— phosphate, IV. 4046 

— platinocyanide, IV. 4046 

— sulphate, IV. 4046 
Europium, II. 511c ; IV. 402a 
— , organic salts, IV. 404c 

— , triple nitrite, IV. 404c 
Europous carbonate, IV. 404d 
— , chloride, iodide and sul- 
phate, IV. 404c 
“ Euscopol," IV. 405a 
Eusol, IV. 21d, 400c 
“ Eustenin,” IV. 405a 
Euterpene, IV. 392a 
Euxantbic acid, IV. 405a .VI. 
87d 

Euxantbone, VI. 424c 
Euxenite, II. 19c ; IV. 321c, 
405a ; VI. 169a 
Evaporation, IV. 405a 

— from a supersurfaco layer, 

m. 605a 

— in analysis, II. 543a 

high vacuum, IV. 414a 

multiple effect, IV. 406d 

steam boders, IV. 405d 

— of acid liquors, IV. 413c 

delicate liquors, IV. 414a 

— , rate, TIL 451c 

— , solar, of brine, IV. 411c 
— , special cases, IV. 414d 
— , spray, IV. 414c 

— imder reduced pressure, IV. 

406a 

Evaporator, salting type, IV. 
412a 

Evaporators, film, IV. 4096 
— , steam heated, IV. 400a 
Evaporator •n-ith forced cir- 
culation, IV. 412c 
Everitt’s salt. III. 471c 
^ernic acid, IV. 4156 
“ Evipan, evipan sodium," I. 
36Sc, 623o; IV. 4156 
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Evodia melicefolia, I. 6206 ; IV. 
4156 

Evodiamine, ’ fsoevodiamine, 
IV. 415c, d 

Evodia ruimcarpa, alkaloids, 
IV. 4156 

Evodine, IV. 415c 
Evonymin, II. 387d ; IV. 400c 
“ Exalgin," IV. 416d 
" ExaltoUde," IV. 416d 
“ Exalton," IV. 416d 
“ Exaltone," III. 6016 
Excoecarin, excoecarone, VI. 
1366 

Exhaustive methylation, I. 
Slid 

“ Exolon," I. 4a ; IV. 417a 
Expansion coefficients, mea- 
surement, IV. 4c 
Explosif P, IV. 464d 
Explosions, gaseous {see also 
Detonation), IV. 417a 
— , at high initial pressures, 
IV. 4476 

— , auto-ignition in, IV. 
430a 

— , detn. of dissociation 
constants, IV. 444d 

— , heat capacities, IV. 

444d 

— , effect of pressure on 
limits, IV. 428a 
— , excitation lag in, IV. 
4456 

— , heat losses in, IV. 441c 
— , ignition pressures and 
knock-ratings, TV. 449d 
— , nitrogen-activation in, 
IV. 446a 

— , peroxides in, IV. 449, 
452a 

— , pressures developed in, 
IV. 4406 

— , pressure-time data, IV. 
4426 

— , radiations from, IV. 
441a 

— , shock waves in, IV. 
435a, 439a 

— , stages in, IV. 4356, 440d 
— , time-lags and pressures, 
IV. 4516 
Explosion wave,” IV. 4346, 
438a 

Explosive D, IV. 483c 

— O 3 , IV. 545c 

— power tests, IV. 547d 
Explosives, II. 525a ; ly. 453d 

brisant, IV. 555d, 561a 
coal mine, IV. 552d 

, effect of sheathing, 

IV. 661a 

, flame from, IV. 552c, 

558a. 

, safe use, IV. 56Sa 

, substitutes for, IV. 

562c 

, testing galleries, IV. 

557a 

flame from, IV. 521d, 558a 
in firedamp, .effect of solid 
particles, IV. 559o 

, ignition by pressure 

wave from, IV. Soffd 
initiatory, IV. 535a 
-, as detonants, IV. 5506 
liquid air, IV. 545d 
— oxygen, IT''. 545d 
moisture tests, IV. 546c 
mortar test, IV. 5486 


Explosives, nitrobenzene, IV. 
465a 

— , nitrocellulose (see also Nitro- 
cellulose), II. 4646 ; IV. 
501c 

— , nitrohydrocarbon, IV. 405a 
— , permitted, see Permitted ex- 
plosives. 

— , secondary flame from, IV. 
559a 

— , sensitiveness to heat, IV. 
552a 

— , Sprengel, IV. 5456 
— , stability tests, IV. 487c, 
547a 

— , testing, IV. 546c 
Extensimeter, Chopin, IT. 786 
Extraction apparatus, indus- 
trial, IV. 562d 

, laboratory ty'pes, IV. 

5756 

— batteries, IV. 564c 

— -, counter-current, in labora- 
tory models, ly. 590c 

— grease, VI. 135a 

— in diffusion batteries, IV. 

5066 

micro - apparatus, IV. 

583d 

percolators, IV. 5756, 

5776 

— , large-scale apparatus, IV. 
5836 

— of fine material, IV. 571c 

liquids, IV. 574c 

, injection method, IV. 

584d, 588c 

, perpluviation method, 

IV. 584d, 585c 

with immiscible sol- 
vents, IV. 584a 

solids, classifier for, IV. 

569d 

— tanks, IV. 502a 

— with continuous infusion, 

IV. 570c 

distillation of the solvent, 

IV. 572d 

intermittent infusion, IV. 

580d 

non-aqueous solvents, IV. 

576a 

— without corks or joints, IV. 

578a 

Eykman’s formula, V. 5466 


F ■ 

Fabiatrin, I. 160c ; III. 413a 
Fabrics, see also Finishing 
textile fabrics. 

— , belt stretching jirocess, V. 
187d 

— , breakmg, conditioning or 
dampening, V. 187c 
— , calendering, V. 188a 
— , drying stiffened, V. 187a 
— , finishing pastes for, V. 189a 
— , firefiroofing, V. 210c 
— , woollen, milling, rai-sing, 
shearing, V. 200a 
— , — , pressing, raising, steam- 
ing, tentering, V. 200c 
— , — , scouring, V. 204d 
— , — , setting and shrinking 
processes, V. 205c 
Factice, Factis, IV. 590a 
Factor Z in fermentation, "V. 
116 
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Factory bark (cinchona), JIT, 
12M 

FaMerz, IV. 590a 
FaMore, IV. 590a 
Faktis, IV. 590a 
Famatinite, III. SIlc ; IV. 

■ 30Sa 

Fanal colours, IV. 591a 
“ Faraday’s gold,” III. 279d, 
289c ; VI. 1096 

Faraday’s laws of electrolrsls, 

IV. 261a ; VI. 2Zld 
Farinograph, Brabender, II. 
786 

Famesal, IV. 591a 
Famesene IV. 591c 
Famesenic acid, IV. 591a 
Famesol, II. 2616 ; IV. 591a 
“ Fast Bases (I.G.),” IV. 2316 
Fat, Balam, II. 326 
— , detn., in chocolate. III. 86d 

— in feeding stuffs, IV. 592d, 

601d 

— liquoring. III. 5516 ; IV. 

302d 

— production by moulds, V. 

576 

Fats and oils, edible, IV. 2516 
— , Dika, IV. 3d 
— , effect on concrete, 11. 1486 
— , emulsion in digestion, IV. 
301a 

Fat, Sengkawang-, II. 31c 
Fats, hardened or hydrogenated 
(see also Hydrogenation), 
II. 426d ; Yl. 1T76 
Fat, Shorea, II. 31c, d 
Fats, hydrolysis, VI. 41a 
— , saponification, VI. 40d, 388d 
Fat, soentai, II. 326, foot-note 
— , “ Teglam,” II. 32c 
— , Tengkawang-, II. 31c 
Fauser process, I. 337a 
Favas, I. 585c ; III. 575c 
Faversham Powder, IV. 553c 
Fayalite, IV. 591d 
Fayence, IV. 591d 
F.D .A. test of disinfectants, IV. 
32d 

Feather-alum, I. 289a ; rV”. 
591d 

Feathering of candles, II. 
266d 

Feather-ore, W. 591d 
Feculose, IV. 592a 
Feeding meat and bone meal, 

IV. 597c 

meal, IV. 597c 

— stuffs, IV. 592a 

, analysis, IV. 592a, 601d 

, ash constituents, 1. 503c ; 

IV. 593c, .597(7, 603c 

, energy equivalents, IV, 

600a 

, manurial value, I\'. 598a 

, mineral accessories, H’’. 

597(Z 

, mineral constituents in, 

I. 503c; II. 183c; IV. 
593c, 597(7, 603c 
Fehling’s solution, I. 648(7 
Feigl’s test, I. 471c 
Feldmann stUl, I. 3456 
Feldspar, see Felspar. 

Feld’s process, I. 340(7 
FeHte, II. 1416 
Fellic acid, I. 690a 
Felsite,- III. 32(7 
Felspar, I. 264c7, 291c ; II. 
137c ; VI. la ; VI, 126a 


Felting of wool, V, 206a 
“ Femergin," IV. 3306 
Fenchane, V. 4a 
cyc/oFenchene, 11. 254c ; V. 5(7 
Fenchenes, V. 46 
Fenchol, V. 6a 
isoFenchol, V. 66 
Fenchone, V. 6d 
— , separation from camphor, 
II. 2586 

isoFenchone, V. 7c 
Fenchyl alcohol, V- 6a 
tsoFenchyl alcohol, II. 2566 ; 

V. 6c 

Fenchyl chloride from pinene, 
II. 250c 

Fenchylene, see Fenchenes. 
tsoFenchyl esters, II. 255(7 
Fennel, V. 8a 
— , essential oU, V. 86 
“ Feran" I. 278(7 
Ferberite, V. 8c 
Ferganite, II. 3936 
Fergusonite, II. 512c ; V, 8c ; 

VI, 1690 

Fermenlactyl, V. 8(7 
Fermentable substances, V. 
96 

Fermentation, acetic, I. 44 a ; 

V. 46a 

— , acetone production, II. 169c, 
471(7; V. 45c 

— , alcoholic {see also Alcohol ; 
Brewing ; Fermentation, 
bacterial ; Fermentation, 
mould ; Glvcolysis ; Yeast), 

V. 8(7 

— , — , bacterial, V. 45c 
— , — , co-enzymes, V, 156 
— , — , Mg and 3In ions in, V. 
18c 

— , auto-, of yeast, glycogen 
formation, V. ISa 
— , bacterial {see also under 
Fermentation, alcoholic), I. 
176c ; II. 4296 ; V. 41a 
— . — , effects of conditions, V. 
45c 

— , — , hydrogen production,' II. 

169c ; V. 44c ; VI. 332(7 
— , — , of glycerol, V. 44(7 
— , butyl alcohol, II. 169c, 471(7 
— , butyric, II. 179c ; V. 45a 

— by diy yeast and yeast juice 

{see also Yeast, dried), V. 
loa 

yeast, equations, V. 276 

— , carbon dioxide from, II. 
324c 

— , coli-iypJiosiis group, V. 426 
— , enzymic equilibrium of 

hexose diphosphate, V. 266 
— , glycerol production, V. 23d ; 

VI. 416 

— , heat, V. 116 
— , hexosephosphates, V. 206 
— , hydrolysis of phosphoric 
esters, V. 22c 

— , lactic, bacterial, V. 41c 
— , — , of cabbage, II. 183c 
— , Monilia, V. 51(7 
— , mould {see also Fermenta- 
tion, alcoholic ; Fermenta- 
tionj bacterial), V. 486 
— , — , citric acid production, 
ni. 18Sa ; V. 496 
— — , oxalic acid production, 
V. 49a 

— of hexosediphosphoric ester, 

V. 216 


Fermentation of hexosemono- 
phosphate, V. 30d 
— , panary, II. 756 
— , phosphoric esters in {see aho 
Fenn entation, alcoholic ; 
Glycolysis), II. 295(7 
— , phosphorylated inter- 

mediate compounds, V. 246 
— , propionic, bacterial, V. 414 
— , pyruvic acid theory, V. 236 
— , rate of, by yeast, V. 10c, 14c 
— reactions of yeast in, V. 394 
— , succinic acid, bacterial, T. 
43a 


— , yeast, redistribution of 

phosphorus, V. 404 
— , yeasts in, 11. 97a 
Ferment, yellow respiratory, 
IV. 3114 

Femambuco wpod, II. 68a 
Femandinite, V. 60a 
Feronia gum, V. 60a 
Ferric and Ferrous compounds, 
see also Iron. 
Ferric-alumina, I. 290a 

— chloride, chlorination by, 11. 

4284 

— ferricyanide. III. 476c 
Ferricyanides, detn., volu- 
metric, II. 6544, 655a 

— from ferrocyanides. III. 465o 
— , prepn. by chemical oxida- 
tion, III. 465a 

— , electrolytic oxidation, 

ni. 475c, 4 

— , qualitative reactions, H- 
569c 

Ferrite, V. 60a 
Ferritungstite, V. 606 
Ferro-alloys, manufacture, 11. 
217c 

Ferroaxdnite, 1. 5604 
Ferrobrucite, II. 1196 
“ Ferrochlore,'’ IV. 21d 
Ferrochrome, III. 1054 
Ferrocyanides, analysis, III. 
5116 

detn., II. 655a, 707c 
prepn.. III. 465a 

— from coal gas. III. 466c 

cyanides, III. 469c _ 

nitrogenous organic 

matter. III. 4666 

spent oxide. III. 

thiocyanate, IH- 

469c 

— by dry process, IIL 467c 

wet process, IH. 46»o 

qualitative reactions, H. 

669c 

Ferrosilicon, manufacture, J-i- 
217c 

Ferrotungsten, V. 606 
Ferrous ammonium ferro- 
cyanide. III. 471c 

— hydroxide, action, on carbon 

tetrachloride, II. 3554 

— manganese tungstate, l-i- 

1984 

— phosphate, II. 256 

— potassimn ferrocyanide, IH' 

471c 

Ferruccite, V. 606 
Fersmanite, V. 60c 
Fertiliser analysis, preparation 
of samples, V. 85c 
— , ammonium nitrate, V. 6ac 
— , — sulphate, V. 65a 
— , borax, remedial, I. oOofl 
n. 35a ; V. 74a 



Fertiliser, carbon dioxide' as, 
II. 326b 

■ — ■, gypsum, V. 13d 
— , hoof and horn, V. 66& 

— , leather -waste, Y. 66c 
— , lime, V. 74a 
— , marl, V. 74a 
— , nitrate of soda, V. 656 
Fertilisers, meatmeal, V. 66c 
— , mixed or compound, Y. 736 

— or manures, V. 61a 

— , potassium salts, V. 74a 
— , relative value, V. 746 
Fertiliser, saltpetre, V. 656 
— , superphosphate, Y. 67<Z, 69d 
Ferulic acid, isoferulic acid, Y. 
60c, 61a 

Fervanite, Y. 61a 
“ Fesemco ’’ slate, lY. 117c 
Festbitumen, Y. 3546 
Fettbol, II. 26c 
Fiberloid, II. 4436, 480a 
Fibre, African, I. 161a ; Y. 
1686 

— , caroa, Y. 1686 
— , detn., lY. 593a, 602c 
— , flax (see also Flax), Y. 1596 
— , — , scutching, Y. 160d 
— , hemp (see also Ahaca fibre), 
Y. 162c 

— , indigestiblei lY. 593a, 602c 
— , kitul, Y. 1686 
— , Mexican, Y. 1686 
— , Palmyra, Y. 1686 
— , pineapple, I. 458d ; Y. 1686 
— , pita, Y. 1686 
Fibres, alginate, I. 202a ; Y. 
1246 

— , animal, sUk, Y. 86a 
— , artificial, or rayon, Y. 112a 

, electrical spinning, Y. 

1286 

— , hast or soft, Y. 158d, 1596 
— , casein, Y. 115c 
— , cellulose, see Cellulose ; Dye- 
ing ; Fibres, artificial, or 
rayon. 

— , cotton, Y. 135a 

— from seeds and fruits, Y. 158(Z 
— , gelatin, Y. 11 5d 

— . glass, Y. 114c, 5946 
— , leaf or hard,'V. 158d! 

— , nylon, Y. 126a 
— , protein, Y. 1156 
— , superpolyamide, Y. 1256 
— , superpolymer, V. 1256 
— , synthetic, Y. 1136, 124d 
— , vegetable, Y. 158c 
— , -vinyl acetate and chloride, 
Y. 1266 

■ — , -wool and related animal, Y. 
96a 

F^rin in blood, II. 19(7, 22c 
Fibrinogen in blood serum, 
II. 19(7, 22c 

Fibroin, II. 176 ; Y. 866, 90a 
FibroUte, I. 3706 ; Y. 169c 
“ Fibrolysin," Y. 169c 
Fichtelite, Y. 169c 
Pick's law of diffusion. III. 
600c, 607c 

Ficocerylic acid (see also Fig 
wax), Y. 170c 
Ficusin, see Fig. 

Ficus spp., see Fig : Fig wax. 
Fig, Y. 170c 
— 7 wax, Y. 171a 
Filament electric lamps, Y. 
171c 

— lamp design, Y. 172o 
Yon. YI. — 36 
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Filaments, carbon, Y. llld, 
1796 

— , — , flashing, Y. 179(7 

— for thermionic waives, Y. 

179(7 

— , lamp, coiling, Y. 176(7 
— , oxide-coated cathode, Y. 
' 180a 

— , trmgsten, Y. 1716, 178a, 
179a 

• — , — , “ offsetting,” Y. 178c 

, thoriated, V. 179(7 

Filbert, Y. 1806 
Filicic acid, Y. 181c 
F^cm, Y. 181c 
Filicinic acid butanone, Y. 
181c 

Filicitannic acid, Y. 181a 
Filitannio acid, Y. 181a 
Filite, Italian, lY. 519a 
Filix mas, Y. 180d 
Fillers in magnesium oxy- 
chloride cement, II. 136c 

plastics, II. 4766 

Filling fabrics, Y. 187a 
Filmarone, Y. 182o 
Filmcolor, II. 453a 
Film manufacture, dopes for, 
II. 448a 

— , photographic, II. 446a 
Filosine, II. 403c 
Filter paper, Y. 1826 
“ Filtrol," lY. 248c 
Finings, 11. 102a ; Y. 505a ; 
YI. 246 

Finishing cotton cloth by 
etherifjTug agents, Y. 193o 

with svnthetic resins, 

Y. 191c 

staple fibre cloths, Y. 184a 

— crepe fabrics, Y. 202(7 

— effects, “ permanent,” Y. 

190(7 

— fabrics with cellulose ethers, 

Y. 192c 

— rayon cloths, plant and pro- 

cesses, Y. 199c 

Finishings, cotton, classified, 
Y. 190a 

Finishing textile fabrics (see 
also Bleaching), Y. 183a ; 
YI. 509c 

— woollen and worsted fabrics, 

Y. 205a 

— yams, Y. 1836 
Finnemanite, Y. 207c 
Fire-clay,- Y. 207c 

damp, n. 323(7, 344c ; lY. 

441d, 552(7, 559(7 
, helium in, Y. 340(7 

— extinction and prevention, 

Y. 2086 

— extinguishers, carbon tetra- 

chloride in, II. 356a 

, chemical, Y. 2106 

, foam, Y. 208(7 

hose cloth, Y, 195(7 

Fireproofed timber, tests, Y. 
217c 

Fireproofers and glo-wproofers, 
Y. 213c 

Fireproofing of fabrics, Y. 
210c 

timber, Y. 215c . • . 

Fireproof paint's, Y. 226a 
Fire-retarding chemicals. Y. 
220c 

— -tube test, Y. 219a 
Firs, silver, I. 1 6 
Fischer's salt. III. 2196 


501 

Fischer - Tropsch svnthesis, 
n. 4256; Y. 3786 ; YI. 
333(7, 378(7 
Fisetin Y. 226(7 
— , degradation, II. 696 
Fish fermentation, Y. 59c 

fiver oils, composition. III. 

247a, 250a 

— manure. III. 246a 

— meal, lY. 5976 ; Y. 80(7 

— oil lubricants, V. 235c 

— oils, lY. 856 ; Y. 226(7, 2306 
, hvdrogenated, edible, Y. 

234c 

, refining, Y. 232(7 

, vitamins A and D from, 

Y. 234a 

Fiske's extractor, lY. 586c 
Flagstone, Y. 235(7 
Flame, Y. 2366 

— colorations, II. 547c, 689a 

penetration test, Y. 2196 

Flameproof cotton and rayon 

fabrics, Y. 198a 

Flame propagation in closed 
tubes, lY. 433a 

gaseous explosions, lY. 

426(7 

, velocity and comiwession 

waves, lY. 430a, 433a 
Flames, gas, calorific value, Y. 
2466 

— , cool, lY. 422c, 424c, 429a 
— , gaseous products from, lY. 
4176 ; Y. 244(7 

— , radiation from, Y. 241(7, 243c 
Flame temperatm-es, Y. 240a 

— types, Y. 238a 

— , uniform movement, lY. 
430(7 

— velocity, influence of con- 

ditions on imiform, lY. 
432a 

, tube diameter on 

imiform, lY. 431(7, 432a 
Flammiyore Y bis, lY. 556o 
Flash fights, v. 25la 

— reducing agents, lY. 521(7 
Flavaniline, I. 39a ; Y. 2526 
Flavanone or dihydroflavone, 

II. 519a ; Y. 2526 
Flavanones, relation to chal- 
kones, II. 519a 
Flavanthrene, I. 394(7, 399(7 
Flavanthrone, I. 205c, 200a, 
412(7, 419(7 ; Y. 2536 
Flavaspidic acid, Y. 181c 
Flavellagic acid, II. 195a ; Y. 
181c 

Flavenol, Y. 253(7 
Flaveosin, I. 133c 
‘‘Havianic acid,” III. 417(7, 
foot-note ; Y. 253(7 
Fla-vin enzyme, Y. 33a 
— , vegetable dyestuff, Y. 253(7 
Flavinduline, Y. 254a 

— O, I. 5706, 5726 

Flavine or acriflavine, I. 1346, 
135(7 ; lY. 306 
Flavogallol, Y. 2546 
Flavogallone, Y. 2546 
Flavogallonic acid, Y. 2546 
Flavoglaucin, Y. 54c 
Flavoline, Y. 255a 
Flavone, Y. 255a, 2576 
— , l:3-dihydroxy-, III. 118(7 
— , 5:7-dihydroxv-4'-methoxv-, 
I. 116, 126 

— in bran, II. 01a 
cacao red, II. 1886 
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Flavone occmrfcnce, II. 410a 
Flavones, relation to chal- 
kones, II. 518(1 
isoFlavone, Y. 258c 
Flavonol, V. 2G0a, 2Gla 
FlavopliospMne, I. 1336 
Flavopurpurin, I. 20Ga. 2125, 
224c 

— , 3-nitro-, I. 2286 
navorkodin, V. 2626 
Flavourings, but-vric esters in, 
II. 1816 

Flavozanthin (see alao Carote- 
noids), n. 3985. 3995 ; V. 
262c 

Flecz, 11. 4166 ; Y. 1596 
— , composition and dimensions, 
Y. IGlr 

— , cottonisation, Y. 3 G16 

— fibre, a-cellnlose content, Y. 

1626 

— pectins, Y. 1615 

— , roughing, hackling and pre- 
paring, Y. 161a 

— shives and tow yam, Y. 1605 

— wax, Y. 262c 
Fleches d’amour, Yl. 101a 
Fleitmann’s test, I. 4706 
Flemingia eongeaUi, Y. 2625 
Flemingin, Y. 2625 
Flint, II. 517c ; Y, 2625 
— , building, II. 138a 
Flocculation values. III. 285c 
Flocons in silk, IL 18a 

" Floral hvdrometers,” III. 
2216 

Florencite, Y. 263c 
Flores cinm, Y. 263c 
Floribxmdine, floripavine, flori- 
pavidine, Y. 2^c 
“ Floricinosi;’ II. 4226 
Florida earth, lY. 2476 
Floridean starch, I.. 2005 
Floriditol, I. 2005 
Floridose, floridoside, I. 200c ; 
YL 88a 

“ F/osal” I. 363a 
Flos-ferri, I. 4565 
“ Flotagen," Y. 267a 
Flotation process, Y- 2635 i YI. 
509c 

reagents, Y, 28Ga, 269a - 

Flour, composition, II. 745 
Flower of iron, I. 4565 
Fluavil. fluavile, Y. 269c ; YI. 
1585 

Fluellite, I. 264e, 286a 
Fluid heat transmission, lY. 
415a 

Fluoboric acid, II, 46c 
Fluocerite, Y. 269c 
Fluocolloplianite, III. 294a 
Fluoramine, phenylhydrazine 
from, YI. 300c 
Fluoranthene, Y. 269c 
Fluoranthenequinone, Y. 270a 
Fluorene, Y. 270c 

— formation, II. 195a, 439a 
Fluorenone, Y. 272a 
Fluorescein, Y. 272c 
Fluorides, detection and detn- 

in food, Y. 298c 
— , detm, colorimetric, II. 6736 
— , — , gravimetric, II. 607c, 
6565 

— — , volumetric, II. 6565 
— , drop reaction, II. 582a 

— in butter, II. 1675 

— , qualitative reactions, II. 
.576a 


I Fluorinating agents,- Y. 278c 
Fluorine, Y. 273a 

— compoimds, antiseptic and 

physiological properties, 
IY-225; Y- 282a 
— , detn,, .spectroscopic, II. 692a 
— , free, in fluorspar, II. 2156 
— , halogen compounds, Y. 211a 
— , oxides and oxyacids, Y, 277c 
— , reactions, U. 356a ; Y. 

2755, 278a 
Fluorite, Y. 283a 
Fuoroborate, sodium, II, 50c 
Fuofocyclene, Y. 2825 
Fuoroform, Y. 283a 
Fuorosulphonic acid, Y. 2796 
Fuor-spar, floor or fluorite, 

II. 256, 215a ; Y. 283a 
Fuosilicates, Y. 282c 
Fttx, Y. 2846 

Fly agaric, I. 3005 
Foaming, prevention, Y. 2885 
Foams, 111, 279c ; Y, 285a 
— , accelerated liquid/gas re- 
actions in, Y, 2885 
— , interface conditions in, Y. 
2855 

— , stability, Y. 286o 
— , technical uses, Y. 288a 
Fobbing, II. 955 
Fcenicumm vulgare, F. capil- 
laceum, Y. 65, 86 
Feenugreek, Y. 2S9c 
“ Fogging ” of metals, III. 
3706 

Folinarin, U. 3866 ; YI, S8a, 
92c ■ . 

Food bottling and canning, Y. 
2906 

— , dyes in, detection, Y. 3006 
— , gas storage, Y. 2936 
— , metallic contamination in, 
Y. 2926 

— preservation, Y. 2906 

— preservatives, Y, 296a 
, legal and medical aspects, 

Y, 306c 

, regulations, Y. 3086, 609, 

foot-note 

Foods, foreign substances in, 
Y, 306c 

Food storage, control and effect 
of carbon dioxide, II. .3266 ; 
Y, 2935 

, effect of humidity, Y. 

293c 

Fool's parslev, I. 1605; III. 
3245 

“ Foramina te,” YI. 1815 
Foraminifera spp., coral from, 

III. 3606 

“ Forgenin," Y. 3106 
Forging alloys, I. 2526 
Formaldehyde {see also Dis- 
infectants, formalin; Food 
preservatives)^ Y, 3106 
— , aqueous, Y. 317a 

— as antiseptic, lY. 26c ; Y. 

3226 

preservative, Y, 297c 

I — , compound, with bromal, II, 
1066 - . 
i — -casein plastics, II. 414a, 41Gc 
— , detection and detn., Y. 
2975, 3215 

— from carbon monoxide, II. 

3505 ; Y, 3166 

hvdrocarbons, Y, 3166 

rnethanol, catalysts and 

process, Y. 3106, 313a 


Formaldehyde monomer, 
gaseous and liquid, V. 3 i 7 g 

phenol resin {seealso “Bala- 

Hie ”), n. 4225 ; Y. 321a 

— polymers, Y, 3185 

— production. III 427c 
— , reactions, Y. 320a 
For malin , see Disinfectants; 

F ormaldehyde. 

Formals, I. 34a 
Formamide, Y. 35Sc 
Formamidine, Y. 3225 
“ Formamine,” I. 326a 
“ Formamol'' YI. 2005 
“ Forman,” Y, 3^5 
Formanilide,'Y. 323a 

— from carbon monoxide, II. 

3505 

Formates, detn., Y. 3055 

— from carbon monoxide, II- 

3505 

— , qualitativereactions, I. .53c; 

II. 5695 ; Y. 3055, 324c 
Formic acid, see also Formates. 
as antiseptic, lY. 275 

— , detection in acetic add. 

I. 53c 

, esters' and salts, Y. 3245 

from mould fermenta- 


tion, Y, 50c 

in food, detection and 

detn., Y. 3055 

, prepn. and properties, T. 

323tt 

— dehydrogenase, Y. 446 

— hydrogeiflyase, Y. 446 
“ Formicin,” Y. 326a 

“ Formtdin,” Y. 326c 
“ Formin," I. 326o 
Formins, Y. 326a 
“ Formal ” {see also Formalde- 
hyde), lY. 26c 
Formolites, Y. 327c 
Formomouetin, Y. 259c 
Formoprene, I. 896 
Formosauiue, Y. 3275 
“ Formosul," lY. 148c, 149c 
Formosul G, reagent for dyes, 
lY. 148c, 149c 
" Fornitral,” Y. 321 d 
Forsterite, Y. 328a 
“ Fortofn,” Y. 328a ^ 

“ Fouadin,” I. 439a ; II. 4325 , 
“ Fourneau 789, 270 and 41/, 
L 4896, 5 

Fouling of ships’ hulls, protec- 
tion against. III- 383b 
Fowler's solution, Y, 328a 
Foxheiry, Y. 328a 
Fragamanin, fragarm, 
Fragarol, II. 1066 ; Y. 328c 
Franckeite, III. 538a ; ' . 

328c 

Francolite, I. 4495 
Frangula, Y- 3285 ^ 

emodin, II- 4105 ; k. 3285 

Frangularoside, I. 1975 
Frangulin, I. 1975, 198a; *• 

- 3285 ; YI. 88a 
Franguloside, YI. 88a 
Frankincense, Y. 3285 
Franklinite, Y. 3285 
‘ Frankonit,” TV. 248c 
Frazetin, Y. 329a ; YI. 2 /9c 
Fi'azin, III. 413a f YI. 88a, 
279c 

Frazinellone, III. 602c, 
Fraxinus excelsior, Y. 329a , 
YL 88o 

rrazitannic acid, Y- 329a 
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Freestone, V. 329a 
Freezing mixtures, explosion 
risk, V. 32 9 d 

— or cooling mixtures, V. 329& 
Freihergite, IV. 590c 
Fremontite, I. 3035 
French, berries, I. 560a 

“ French chalk,” I. 162c 
French polish, V. 3295 

— Poudre B, IV. 518c 
“ Fresol," III. 420a 

“ Frenndlich sorption iso- 
therm,” II. 540a ; III. 

2iS2id 

Freund’s acid, V. 3295 
Friar’s Balsam, IV. 285 
Frick process for carbon di- 
oxide production, II. 327a 
Friction, sensitiveness of ex- 
plosives to, IV. 5515 
Friedel-Crafts reaction, II. 
3635 ; VI. 2596 

Friedrich’s extractor, IV. 6876 
Fritillaria, alkaloids, V. 330a 
Fritillaria spp., V. 330a 
Fritillarine, fritilline, V. 3306 
Fritimine, V. 3306 
Frit kiln, VI. 66 
Ft-its and glazes, VI. 2c 
Fritting, VI. 55 
Frohde’s reagent. III. 321c 
Frothers (flotation process), V. 
2635, 266c 

Froth-flotation process, V. 
2635 

Fructolysis, VI. 74a 
Fructose (see also Laavulose), 
II. 2826, 286a 

— in inulin, II. 303a 
Fructosidase, IV. 3136 
Friihling’s extractor, IV. 5815 
Fruits, dried, spraying, VI. 

2995 

— storage, effect of ethvlene, 

V. 2956 

“ Fuadin," see “ Fouadin." 
Fuchsia, I. 576c 
Fuchsine, adsorption by rice 
protein, II. 5025 
Fuchsisenecionine, V. 330c 
Fuchsite, chromiiun in. III. 966 
Fucin, I. 200a 
Fucitol, V. 330c 
— , trityl, V. 3305 
Fucoidin, I. 200a 
Fucosan, I. 199c, 200a 
Fucose, II. 287c 
Fucosol, V. 3305 
Fucosterol, I. 199c, 200c 
Fucoxanthin (see also Carote- 
noids), I. 201a ; II. 398a ; 
V. 3305 

Fucus vesiculosus I. 1996, 2015; 
V. 3305 

Fuel (see also under Carbonisa- 
tion ; Coal carbonisation ; 
Fuel, gaseous ; Motor fuel), 
V. 331a 

“ Fuel, coUoidal,” V. 364a 
Fuel, gaseous (see also Bottle 
gas ; Fuel), II. 1576 
— , liquid, from coal, V. 3786 
“ Fiillpvdver -02,” W. 467a 
Fuel oil. III. 4235; V. 378a, 
379a 

— oils, production, II. 4255 
— , pulverised, V. 361a 
Fuels from coal, Y- 360c 

— , gaseous, cal. val., V. 332c 
— , liquid, cal. val., V. 332c 


Fukugenetin, isoFukugenetin, 
V. 381a 

Fukugetin, V. 380a 
Fukugi, V. 380a 
Fuller’s earth (see also Adsorp- 
tion ; Montmorillonite), IV. 
247a; V. 381c 

, Japanese, VI. 182a 

Fulminates, IV. 5355 ; V. 3846 
Fulminic acid, V. 3825 
Fulminuric acid, Ehrenberg’s, 
V. 387a 

t'soFrilminuric acid, V. 386a 
Fulminuric acids, a- and jS-, 
V. 385a, 386c 
Fulvenes, III. 5346, c 
Fulvic acid, V. 535 
Fumaric acid from mould fer- 
mentation, V. 506 

— and maleic acids, V. 387a 
, identifjdng tests, 

V. 388a 

Fumarine (see also Protopine), 
V. 3885 

Fumes, particle size, IV. 956 
Fumigant toxicity, time-con- 
centration curves, V. 3916 
Fmnigatin, V. 54a 
Fumigation, chloropicrin, V. 
3976 

— against vermin and pests, V. 

3885 

— , bactericidal action, V. 3946 
— , carbon dioxide, II. 361c ; 
V. 3945 

— , — disulphide, II. 342c, 

344a ; V. 3966 

— , — tetrachloride, II. 344a ; 
V. 3965 

— , chlorobenzene in, II. 344a 
— , coal tar naphtha, V. 3975 
— , 0 - and p-dichlorobenzene, 
V. 397a 

— , ethyl and methyl formates, 
V. 3975 

— , ethylene dichloride, V. 3965' 
— , — oxide, II. 361e ; V. 3956 
— , hydrocyanic acid. III. 4646 ; 
V. 3925 

— , hydrogen sulphide, V. 3975 
— , methyl bromide, V. 397a 
— , nitrobenzene, II. 344a 
— , pentachlorethane, V. 3965 
— , phosphine, V. 3975 
— , potassium thiocarbonate in, 
II. 344a 

— , pyridine, II. 344a 
— , sulphur dioxide, V. 395a 
— , tetrachloroethylene, I. 99c 
— , toxicity detn. of reagents, 
V. 3896 

— , trichloroethylene, I. 1035 ; 
V. 397a 

— , — mixtures, V. 3965 
— , warning gas in, V. 3946 
Fungicides, furfural, V. 4016 
— , copper, II. 305 ; III. 3555, 
3586 

— , xanthates as, II. 3435 
Fungi containing ergosterol, 
IV. 325c 

Fungisterol in ergot, IV. 331c 
Funiculosin, V. 55c 
2-Furaldehyde, see Furfur- 
aldehyde. 

Furan, V. 398a 

— derivs., nomenclature, V. 4006 
— . 2-hydi?oxymethyl-, -5-car- 

boxylic acid, V. 52a 
— , ethyl-, Y. 4006 


Fur^ose sugars, II. 2825 
Furan, reactions, V. 399c 
Furfural or fui’furaldehyde, V. 
400c 

Furfuraldehyde ethylacetal, I. 
36c 

— from bran, II. 625 
Furfural from Cellulose, II. 

462c 

oats. TI. 489c 

— synthetic resins, V. 4106 
Furfuran, V. 398c 
Furfurine, V*402c 
Furfurol frord pentoses (see 

also Furfural), II. 2876 
Furfuryl alcohol, V. 4006, 4015 

, in caffeol, II. 1986 

Furil, V. 402a 

— a-dioxime, prepn. and use 

as Ni reagent, II. 612c ; V. 
402c 

Furine, V. 402c 
Furnaces, assay, I. 5195 
Furoic acid, see Furfural. 
Furoin, V. 402a 
Furunculin, V. 4025 
Furyl alcohol, see Furfural. 
Furze, VI. 125a 
Fusain, V. 351a 
Fusanols, V. 4025 
Fusarium spp., alcoholic fer- 
mentation, V. 51a 
Fusel oil (see also Amvl alcohol ), 
1. 1786, 360a ; V. 403a 

, detn. of Eton and HjO 

in, V. 408a 

, effect of yeast species on 

composition, V. 407c 

in lacquers, II. 469a 

, potato and corn, V. 406a 

, removal from spirits, V. 

407a 

, separation of alcohols in, 

V. 4075 

, synthetic (see also Ace- 
tone ; Butyl alcohol ), II. 
4715 ; V. 4076 
Fusible metals, I. 098a 
Fustic, IV. 1266 
Fustin, VI. 886 
Fuze powder, IV. 4596 
— , safety, IV. 4596 


G 

G-Acid, IV. 2095 
y-Acid, IV. 2095 
Gabbro, V. 4086 
Gabriel reaction, II. 37Ca 
Gadoleic acid. III. 2476 
isoGadoleic acid in chaul- 
moogra oil, II. 5225 
Gadolinia, V. 4116 
Gadolinite, II. 5126 ; IV. 

243c, 321c ; V. 4096 
Gadolinium, II. 511c ; V. 409c 

— acetylacetone, V. 4125 
— , acid selenite, V. 4126 

— carbonate, V. 412c 

— , complex cyanides, V. 4125 

— dimethyl phosphate, V. 412c 

— formate, V. 412c 

— halides, V. 411c 

— nitrate, V. 4126 

— , organic salts, V. 412c 

— orthophosphate, V. 4126 

— oxalate, V. 412c 

— oxide and hj'droxidc, V. 1116 

— platinocyanide, V. 4125 
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Gadolinium potassium qliro- 
mates, V. 4126 

— salts, fractional separations, 

V. 410a 

of halogen oxy-acids, V. 

411(Z 

— selenate, V. 412a 

— sulphate, V. 41 Id 

— sulphide, V. 412a 

— sulphite, V. 412a 
Gadus spp., III. 244c 
Gssrtnera vagmaia, III. 2611 
Gahnite, V. 413a 
Gahnospinel, V. 413a 
Gaize, II. 1406 

“ e-Galactan,” VI. 2016 
Galactan - sulpliTiric acid 
ester, blood anticoagulant, 
II. 23d 

d-Galactin, V. 510c 
Galactocarolose, V. 58a 
Galactogen, II. 302d 
Galactose, II. 2826, 286a, 506c 
— , 2-amino-, III. 94d 
^-Galactosidase, II. 2996 
Galactoside, VI. 82c 
Galacturonfc acid, II. 29 7d 
Galafatite, V. 4136 
/-Galaheptose, II. 280d 
“ Galalith," V. 4136 
Galam-butter, I. 6546 
Galanga root, V. 4136 
Galangin, V. 413d 
Galaxite, V. 4146 
Galbanum, V. 4146 
— - oil, 11. 188d 

, presence of cadinol in, 

II. 1906 ' 

Galbaresinic acid, V. 414c 
Galega officinalis, V. 414d ; VI. 
886 

Galegine, V. 414d 
Galena, II. 256 ; V. 415a 
Galiosin, ‘Ah 410a 
Galipea offlcinalis, III. 4626 
Galipine, III. 462d 
Galipoidine, III. 402d, 463a 
Galipoline, III. 402d, 463a 
Galipot, V. 415c 
Galium and G. spp., I. 516d ; 

V. 415c 

Galla B.P., V. 425a 
Gallacetopbenone, V. 417a ; 

VI. 400a 

Gallic acid, IV. 2776 ; V. 417a 

, detection and detn.. III. 

558d ; V. 418a 

, dyes from, V. 418a 

fermentation, V. 59a 

, oxidation, V. 417c 

, quahtative reactions, II. 

570c 

, salts, V. 418c 

Gallisin, II. 299a 
Gallium, V. 418c 

— acetate, V. 422c 

— acetylacetone, V. 422a 

— alloys, V. 419c 

— “ alums,” V. 421d 

— chlorate, V. 420d 

— , crystal structure, V. 4196 
— , detn., gravimetric, II. 592d 
— , — , volumetric, II. 6576 

— dibromide, V. 420d 

— dichloride, V. 4206 

— di-iodide, V. 420d 

— ferrocyanide, V. 422c 

— halides, V. 419d 

— hydroxide, V. 4216 

— iodate, V. 420d 


Gallium monochloridc, V. 420c 

— monoxide, V. 421a 

— nitrate, V. 422a 

— nitride, V. 422a 

— , organic salts, V. 422c 

— oxyiodate, V. 420d 

— perchlorate, V. 420d 

— phosphates, V. 4226 

— phosphide, V. 4226 

— , properties and spectra, V. 
419a 

— , qualitative reactions, II. 
.555c, 500d, 508a 

— selenate, V. 422a 

— sesquioxide, V. 421 a 

— silicotungstate, V. 422c 

— suboxide, V. 4216 

— sulphates, V. 421cZ 

— sulphides, V. 421c 

— thermometers, V. 419d 

— trialkyl and triaryl, V. 422a 

— tribromide, V. 420c 

— trichloride, V. 420a 

— trifluoride, V. 419d 

— tri-iodide, V. 420d 
Gallocatecbin, II. 438c 
Gallocyanine, I. 5696 
Galloflavin, V. 4236 
— , structure, V. 424c 
isoGalloflavin, V. 4236 
— , trimethyl-, V. 423c 

“ Gallogenf' (“gallol ”) V. 418c 
Gallotannic acid, V. 424d 
Galls, V. 424d 

— , Aleppo, Turkey or Levant, 
V. 4256 

— , bacterial plant, V. 426c 
— , crown-, V. 420d 
— , plant, caused by chemicals, 
V. 427a 

— , — , cedar-apple rust fungi, 
V. 427a 

— , — , insects producing, V. 
425a 

Gallus domesticus, LV. 253d 
Galuteolin, V. 4276 ; VI. 886 
Galvanised iron. III. 397c ; V. 
4276 

, electro-, IV. 267a 

“ Galvene," III. 77a 
Gamabufogenin, II. 3886 
Gamabufotoxin, II. 3886 
Gambier or Gambier catechu, 
II. 4336 

— , cube, II. 4336 
Gambine H, IV. 10a 
Gamboge, II. 188e, 237a ; V. 
427c 

Gambufogenin, II. 3886 
Geimbufotoxin, II. 3886 
Gamma acid, IV. 209d 
“ Gandkaki,” I. 499a 
Gangue modifiers, V. 265d, 
266a 

Ganister, V. 427d 
” Ganister, bastard,” V. 428a 
Garancine, II. 74c, 524d 
Garbage fats, V. 428a 
— , reduction processes, V. 4286 
Garcinia spp., I. 6546 ; II. 237a ; 

IV. 566 ; V. 380a, 427c 
Garcinin, garcinol, V. 380a 
“ Gardenal,” I. 023a 
Gardenia grandifiora, G. spp., 

V. 428c 

Gardenic acid, V. 428d 
Gardenia, V. 428d 
Gardeniol, V. 428d 
Garlic, V. 429a j 

oil, I. 2596 ; V. 4296 I 

I 

V 


Garnet, I. 4c ; V. 4296 

paper, V. 429(7 

Garnierite, V. 429fZ 
Gas, air, V. 430a 
— analysis, II. 674d 

, density method, II. 08Gc 

, fractional condensation, 

II. 685(7 

, physical methods, II. 

685(7 

, Eaman spectra, II. 6870 

, refractivity method, .II. 

6876 


, spectroscopic, absorption 

spectra, II. 687c 

, — , emission spectra, II. 

6876 ■ 

, thermal conductivity 

method, II. 686d 

, viscosity method, 11. 

687a 

— , blast-fmnace, II. 345a ; Y. 
3766 

— , Blau, II. 36 

bleaching of wool, II. 16c 

— , blue cross, II. 256 ; III. 11c, 
146 

— , — — , shell. III. Oc 
— , — water, II. 345a ; V. 4896 
— , bottle, V. 4806 

— burners, characteristics, Y. 

246(7 

— , carburetted water, II. 345(i 
Gas, coal (see also Carb()ni- 
sation ; Coal carbonisa- 
tion), V. 430(7 

— , — , ammonia recovery from, 
indirect process, V. 459fl, 
461a 

— , — , and by-products, yields, 
V. 468(7 . ^ 

— , — , benzole extraction from, 
in oil-washers, V. 464c 

"witli activJit^ci 

’ carbon. III. 279(7 ; V. 4G5c 

— , — , , — silica gel, IB* 

270(7 

— , — , calorimetry, recordmg 

apparatus, V. 476d 
— , — , combustion, “ Ott num- 
ber,” V. 479c 
— , — , — tests, V. 4796 
— , — , composition, V. 45dfl, 
469a r 1 ( V 

— , — , condensation of non, » • 
4536 

— , — , detection of hydrogen 
sulphide in, V. 478c 

detn. of constituents, 

11. 674(7, 681c ; V. 478(7 

, total sulphur, V. 

4786 

— — , drying, V. 467(7 

— , — , from retoi’ts and ovens, 
comparison, V. 453a 
^ ^ , hot treatment, v . 

446(7 , , 

— , — , generation of bydrog 
sulphide in gas holders, ' • 

468c . . -cr 

— , — , gmn formation m, 

468a 

— , — , history, V. 430(7 
— , — , holders, V. 473(7 
— , — , iron carbonyl m. If- o 
— , — , legislation, V. 43da 
— , — , manufacture, disposal ot 
effluents, V. 461c 
— , — , — , exhausters m, ' • 
4576 
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Gas, coal, manufacture, waste 
heat boilers in, V. 4416 
— , — , purification from Oyano- 
gen compounds, V. 466d! 

— , — , hydrogen sul - 

phide, V. iClc, 467a 

— . — , naphthalene, V. 

454a!, 464a 

— , — , organic sulphur 

compounds, V. 465d 
— , — , purifiers, V. 461c 
— , — , retort connections and 
mains, V. 447a, 4536 
— , — , — setting, operation, V. 
440d 

— , — , tar fog extraction, V. 
458c 

— , — , valuation, “ hydrocar- 
bon enrichment value,” V. 
469a 

Gas coal, bitmninous, V. 4376 

, brown coal or lignite, V. 

4376 

, cannel, V. d37c 

classification, V. 342, 

437d! 

valuation, V. 437d! 

— defence, see Cliemical war- 

fare defence. 

Gases, adsorption by charcoal, 

I. 148c, 150a ; II. 3176 

— , inert, detection and detn., 

II. 5706, 681d 

— , toxic, respirators for. III. 186 
— , war, biblio^aphy. III. 176 
— , — , blistering, lachryma- 
tory, lethal, irritant and 
prickling, see Chemical war- 
fare. 

— , — , tear, see Gases, war, 
lachrymatory. 

— , — , vesicant, see Gases, war, 
blistering. 

Gas, liquefied hydrocarbon, II. 
36 ; V. 4806 

— liquor and its distillation, I. 

342d, 344ti: 

— mantles, V. 431c, 481d! 

, artificial silk, V. 483d 

, cause of luminosity, V. 

488a 

“lighting fluid,” V. 484d 

, ramie, V. 4836 

, self-lighting, V. 487(1 

, spiderless, V. 487d 

, Welsbach, V. 4826 

— masks. III. 186 . 

— , natural, “ stripping,” V. 
480c 

— , oil, gaseous fuels from, II. 36 
Gasoline recovery, II. 319c 
Gasparcolor photography. II. 
446a 

Gas, perfect, definition, VI. 
412a, 413d! 

— , poison, see Gas warfare. 

— , prickling. III. 7fZ 
— , producer-, sec Producer-gas. 
— , suction, see Suction gas. 
Gastrolobium calycinum. III. 
537d 

Gas warfare, III. 76 

defence, III. 18a 

— , warning, V. 4S0(? 

— , water (see also Carburetted 
water gas ; Coke manu- 
facture ; Fuel ; Gas, coal), 
- II. 345a ; V. 489a 
— , — , air-steam ratio in pro- 
ducing, V. 407a 


Gas, water, automatic valves 
for, V. 4916, 494c 
— , — , lalue, II. 345a 
— , — , carburetted, see Car- 
buretted water gas. 

— , — , continuous production, 

V. 5016 

— , — , equilibrium, V. 368c, 
495d ; VI. 209c, 318c, 325c 
— , — , generator, V. 490c 
— , — , — , reaction in, V. 495c ; 

VI. 326c 

— , — , history, V. 489a 
— , — , operation cycle, V. 497d! 
— , — , — of plant, V. 491d 
— , — , plant and process, I. 
334c ; II. 345a ; V. 489a ; 
VI. 325c 

— , — , production of hydrogen 
from, I. 334c; II. 423d!; 
V. 502d ; VI. 325c 
— , — , reactions in producing, 
V. 495c 

— works products, analysis, 

III. 511d! 

Gattermann reaction, II. 370a ; 
III. 585d 

Gauging of cements, II. 136d 
“ Gauging plaster,” II. 132cZ 
Gaultheria proctimbcns, G. spp., 

V. 503c ; VI. 92a 
Gaultherin, I. 0926 ; V. 503c ; 

VI. 92a 

Gaultherioside, V. 503c ; VI. 
886 

Gauss electrolytic cell. III. 54d 
Gay Lussac’s law, VI. 4126 
Gease, IV. 3146, 3Ud 
Geddic acid, VI. 1566 
Gedrite, I. 302(Z 
Gegenions, III. 284a, 285d 
Gehlenite, II. 146(f, 228c 
Geijerene, V. 503c 
Gein (geoside), IV. 394d! ; VI. 
88c 

— , vicianose in, II. 3006 
Geissospermine, V. 503d 
Geissospermum vellosii, alkaloid 
V. 5036 

Gelatin {see also Glue and glue 
testing), V. 5046 
— , amino-acids, contents, V. 
5066 

— analysis, V. 509a 

— as protective colloid. III. 

287a 

— , bichromated, II. 452d, V. 
506c 

— , bone, V. 5056 
— , detn. in paper, V. 500c 

— dvnamites, IV. 241c 
— , fluid, I. 293d ; V. 269c 

— gels. III. 291a ; V. 5076 
— , gold number. III. 287c 

— , hvdrolvsis and qualitv, V. 
500d 

— in photographic film, II. 44Sa 
Gelatinising agents for smoke- 

, less powders, IV. 523c 
Gelatin, isoelectric point and 
properties, V. 505c 
— , photographic, V. 508c 
— , physical tests, V. 508c 
Gelatuis A and B, V. 505d 
— , hide and skin, V. 5046 
Gelatin solutions, pjj, V. 5006, 
5096 

, viscosity, V. 508a 

— , sulphur dioxide in, detn., V. 
3056, 509c 


Gelatin, uses, II. 286 
Gelation hysteresis. III. 2916 
“ Gelignite,” IV. 242a 
Gelose, V. 5l0c 
Gels and gelation. III. 291a ; 
V. 5076 

Gelsemic acid and gelsemicine, 
V. 510c 

Gelsemidine and gelseminine, 
V. 510c 

Gelsemine, V. 510c 
Gelsemiuni, alkaloids, V. 510c 
Gelsemoidine, V. 510d 
“ Ge!va,” I. 90c, 94d 
Gems, artificial, V. 511c, 605d 
Gemsijok beans, V. 514c 
Gems, doublet and triplet, V. 
513d 

— , imitation and counterfeit, 
V. 5136 

Geneserine, II. 199d 
Geneva, V. 5326 
Genins, II. 3816 
Genista tmetoria, IV. 189a ; VI. 
88c 

Genistein, genistin, IV. 189a, 
d ; V. 259d ; VI. 88c 
Genkwanin, V. 5146 
Genthite, V. 430a 
Gentiagenin, V. 5156 
Gentiamarin, V. 5156 
Gentian, V. 515a 
Gentiana lutea, G. spp., III. 

554c ; V. 515a, 510a 
Gentianin, III. 554c ; V. 516a 
Gentianose, II. 2826, 301a ; V. 
515d 

Genticaulin, primeverose in, 
II. 3006 

Gentiin, V. 5156 
Gentiobiase, II. 442c 
Gentiobiose, I. 357d ; II. 

2986, 2996, 442c ; V. 510a 
Gentiopicrin, V. 5156 
Gentisein, V. 5106 
Gentisic acid, V. 53a ; VI. 
262a 

Gentisin, V. 515d, 5166 • 

Genlcwanin, V. 5146 
Geocoronium, I. 539a 
Geodin, V. 586 
Geoffroyine, V. 517a 
" Geoform,” VI. 141a 
Geoside (gein), VI. 8Sc 
Geosol, IV. 394d ; VI. 14 Od 
“ Geosote,” antiseptic, IV. 286 
Geranial, III. 183d 
Geranic acid, III. 184 a ; V. 
5176 

Geraniol, V. 517a 
Geraniolene, V. 518d 
Geraniol in perfumes, V. 5186 
— , occurrence, II. 249c ; III. 
183c, lOla 

— , reduction, IT. 420d 
cycZoGeraniols, V. 517c 
Geranium (artificial), V. 519a 
— , essentia] oil, V. 519a 

— oil, Indian, V. 519c 

, Turkish, V. 517a, 519o 

Geranyl esteis and Ide ether. 

V. 518c 

glucoside, VI. 88c 

“ German alloy,” I. 253a 
German am, V. 525c 
Germanates, thio-, and esters, 
V. 5256 

Germane, mono-, chlorine 
derive., V. 522c 

- -, triphenyl-, V. 520c 
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Germanic acids, orfcho- and 
meta-, V. 524c 

— nitride, ethyl-, V. 5266 

— oxide and allotropes, V. 524ra 
, ethyl-, V. 5266 

— sulphate, V. 5256 

— sulpliide, V. 525a 
Germanide, sodium triphenyl-, 

V. 526c 

Germanite, V. 519c 
Germanium, V. 520c 

— alkyls, V. 525d 

— alloys, V. 5216 

— aryl derivs., V. 5266 

— bisacetylacetone dichloride, 

V. 527c 

— bromide, ethyliaopropyl- 

phenyl-, V. 5276 

, triethyl-, Y, 526a 

— , detn., II. 5956 

— di- and tetra -halides, V. 

522d, 5236 

— dihromide, diethyl-, V. 526a 
, diphenyl-, V. 526d 

— dihydride, V. 522a 

— diphenyl, V. 5276 

— fluorides, V. 5226 

— hydrides, mono-, di-, and 

tri-germane, V. 52 Id 

— imides, V. 525c 

• — , qualitative reactions, II. 
555a, 558a, 571a 

— tetrahydride, V. 521d 

— tetraphenyl, V. 5266 

— tri-iodide, ethyl-, V. 5266 

Germanochloroiorm, V, 522c 
Germanol, triphenyl-, V. 526d 
Germanomethane, V. 52 Id 
Germanopropane, octa- 

phenyl-, V. 527a 
Germanous oxide, V. 523d 

— sulphide, V. 525a 
German silver, V. 519c 
Germerine, VI. 200d 
Gersdorfiite, I. 469a ; V. 529c 
Gesnerin, V. 529d 

Getalx wax, V. 171a 
Geum urbanum, gein from, IV. 
394d 

Geyserite, V. 5306 
Ghedda, V. 5306 
Ghee, II. 168c ; V. 5306 
“ Ghee, vegetable,” V. 531d 
Giallolino, V. 531d 
Giant ion, III. 284c 
Gibb 's adsorption isotherm, 
III. 2826 ; IV. 284d 
Gibbs electrol 5 d:ic cell. III. 53a 
Gibbsite, I. 2846 ; V. 532a 
GUsonite, V. 532a 
Gin, V. 5326 
— , adulteration, V. 533a 
Gingelly oil, see Sesame oil. 
Ginger, V. 5336 
— , adulteration, V. 5356 

— beer, I. 1586 

— , essential oil, V. 535d 
Gingergrass, essential oil, V. 
536a 

Gingerol, V. 533d 
“ Ginger, wild,” I. 498d \ 

Gingili oil, see Sesamd oil. ' 
Ginkgo, V. 536a 
Ginkgoin and ginkgol, V. 536a 
Ginning, cotton, II. 4616 
Girard’s reagents, V. 5366 
Girofle, I. 577a 
Gitalin, II. 384a 
Gitonin, II. 384a ; VI. 88d 
Gitoxigenin, II. 382a 


Gitoxin, II. 384a ; VI. 88d 
Gladstone and Dale’s formula, 
V. 5466 

Glaserite, I. 4506 
Glaser method, V. 78c 
Glass, I. 559d ; V. 536d 
— , absorption and transmission 
of light by, V. 546d, 547d 

air surfaces, reflection at, 

loss of light by, V. 5516 

— ampoules, B.P. test, V. 539d 
annealing kilns and lehrs, 

V. 596a, 597 
— , — range, V. 595c 

— beads, V. 605c 

— , best crystal, V. 564c 
• — , birefringence under stress, 
V. 5956 

— , black, V. 564d 

blowing machine, Owen’s, 

V, 584c 

— , borosilicate, II. 51a 

— building-bricks, V. 595a 
— , chemical, V. 564c 

— , cohesion temperature, V. 
541d 

— , coloured, V. 558a 

by colloidal Au, Cu or Se, 

V. 558a 

— , colouring, with chromium, 
V. 561d 

— , — , — cobalt, V. 561c ; 565a 
— , — , — copper, V. 561d, 564d 
— , — , — manganese, V. 561d, 
565a 

— , — , — nickel, V. 562a 
— , — , — selenium, V. 562a, 
564d 

— , — , — Tiranium, V. 561d, 
565a 

— , compound, V. 596c 
— , compressibility, V. 5546 

— constituents, properties of 

silica and its compoimds, 
V. 577 

— , copper films on, V.- 603d 
— , decolorising, chemical and 
physical methods, V. 574a 
— , decoration, bevelling, V. 
000c 

— , — , casing, V. 599d 
— , — , cutting, V. 600a 
— , — , engraving, V. 6006 
— , — , etching, V. 281c, 600c 
— , — , sandblasting, V. 6016 
— , — , sculpture, V. 600c 
— , definition, V. 537d 
— , devitrification, V. 575a 
— , dielectric constant, V. 553a 
— , — loss in, V. 553a 
— , — strength, V. 5536 
— , dispersion and refraction, 
V. 544a, 546a 

drawing machine. Ford’s, V. 

594a 

, Fourcault’s and 

Pittsburg’s, V. 59lc 
— , durability, powder test, V. 
539a 

— , — , tests for, V. 539c 
— , elastic after-working effect 
in, V. 5546 

— , — properties, V. 5536 
, electrical conductivity, V. 

\ 5526 

— \ enamelling, V. 605a 
Glasses, coloiued, infra-red 
\transmission, V. 5496 
visual transmission, V. 


Glasses, lead-containing, T 
556c 

— , lime-soda, conunon, V. 556a 
— , organic safety, V. 609d 
— , safety, laminated, V. 6006 
— , solarisation effect on ultra- 
violet transmission, V. 5516 
— , ultra-violet transmission, T. 
551c 

Glass, evaporated metal filmc 
on, V. 6046 

— furnace, Cornelius, V. 571c 

— grinding and polishing 

machines, V. 596d, 598, 
599 


— , hardening, V. 5966, 608d 
— , heat-resisting, V. 5576 
— , impact strength, V. 5556 
— , iridescent, V. 604c 
— , lampworMng, V. 557a 
— lustres, V. 604c 
Glassmaldng, blowing and 
pressing machines, V. 582c 
— , pot furnaces for, V. 567a 
— , “ Pyrobor ” in, V. 559cZ 
— , rasorite in, V. 559d 
— , raw materials for, V. 558c 
— , refractory materials in, V. 
565c 


— , silica for, V. 558c 
— , tank furnaces for, V. 567d 
Glass manufacttue, batches in, 
V. 562 

— melting furnaces, electric, V. 

510d 

process, V. 5736 

, cullet in, V. 673d 

, moisture effect, V. 

674a 

, progress of reaction, 

V. 5726 

, stages in, V. 5736 

, volatilisation in, V. 

572a ' 

“ Glass of antimony,” I. 4436, 
4476 „ 

Glass, opal, production, V. 

5586, 561c, 564d 
— , optical, V. 606c 
— , — iiroperties, V. 546a 

— painting, V. 6056 

— , plate and window, V. 5566 
— , Poisson’s ratio, V. 5546 
— , powdered abrasive, I. 4c 
— i properties, V. 538a 
— , red, copper ruby, V. 564c 
— , — , gold ruby, V. 564d 
— , refractive index, V. 544a, 
546a 

— , reinforced, V. 6086 
— , safety, V. 6086 
— , silvering, V. 603a 
— , “ softening point,” V. 542a 
■ — , specific heat, V. 548d 
— , — volume or density, ' • 
5426 , 

— , spectral transmission, snect 
of temperature on, V. 54/, 
548 ^ 

— , sprayed metal films on, > • 
6046 

— , sputtered films on, V. 6046 
— , staining, V. 604d 

strain, aimealing, V. 5956 

viewed in polarised hgln, 

V. 596a 

— , strength, effect of conditions 
on, V. 554c, 555a 
— , stress-optical properties, > • 
.546c 


1 
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Glass, surface tension, V. 5426 
— , thermal after-working effect 
in, V. 554c 

— , — conductivity, V. 545a 
— , — endurance, V. 545a 
— , — expansion, V. 543a 
“ Glass, Thermolux,” V. 595a 
Glass thread and wool manu- 
facture, V. 5946 
— , toughened, V. 5966, 6086 

— tube machine, Danner’s. V. 

589 

— tubing manufactme, V. 5816 
— ,‘ viscosity, V. 541a 

— , visual transmission, V. 5506 
Glassware, chemical, general 
scientific and heat-resist- 
ing, V. 556<i 

— , niuminating, V. 5566 

— manufacture,’ V. 578c 

— , melting off and cracking off 
machines, V. 6026 
— , pressed, V. 5566 
Glass, Young’s modulus, V. 
553c 

Glauherite, II. 233c 
Glaucanic acid, V. 566 
Glaucentrine, VI. Id 
Glaucic acid, V. 566 
Glaucidine, VI. Ic 
Glaucine, VI. la 
Glaucobilin, I. 691c 
Glauconic acid, V. 566 
Glauconite, VI. Id 
Glaze, crystalline, VI. 116 
— , dry, VI. 2d 
— , granite, VI. 9a 
— , jet, and Majolica, VI. 8c 
— ; red, VI. 12a 
— , Rouge Flamb4, VI. 12a 
— , salt, VI. 3d 
Glazes and frits, VI. 2c 
craqueM, VI. lid 
— , decorative, 11a 
■ — , lead, VI. 8a 
— , leadless, VI. 9c 
— , slip, VI. 9d 
Glessite,'!. 302d 
Gliadin, II. 85a, 505a 

— : glutenin ratio, II. 84c, 5056 

— in flom, II. 74d, 84c, 85a 

-• gluten, II. 84c, 504c, 505a 

Gliadnis, rice, II. 4936 
Glimmerton, III. 196c 
" Gtoblak," II. 480a 
Globin, sepn. from hacmatin, 
VI. 1646 

Globulin' in blood serum, II. 
19d 

Globulins, VI. 136 
Globulol, VI. 136 - 
Glonoine oil, IV. 491d 
Gloriosine, III. 276c 
Gloriosol, VI. 93c 
Glucal, II. 294c 
isoGlucal, II. 294c 
j9-Glucase, 11. 442c ; IV. 282d 
Glucinuxn, sec BeryUimn. 
Glucocbeirolin, VI. 88d, 946 
Glucocbloral, III. 35c 
Glucoerythrose, II. 298c 
Glucogsd^, VI. 89a 
Glucolysis, VI. 74a 
Gluconasturtiin, VI. 89n 
Gluconic acid, II. 2856, 297a ; 
IV. 316a 

d-Gluconic acid from mould 
fermentation, V. 49c 
Gluconolactone, 11. 2836 
■ Glucosamine in chitin. III, 346 


Glucosans, II. 2956 
• Glucose (dextrose), II. 2826, 
284a, 2S9a 

azo dyes of catechol, II. 

4336 

Glucoseen-l:2, II. 295a 

— -5:6, II. 294d 

Glucose, mutarotation, VI. 
250a 

— , oxidation by ceric salts, II. 
510d 

— , relation to cellulose, II, 457a 
— , structure, II. 2856 

— units in polysaccharides, II. 

301d 

Glucosidase, IV. 3136, 3146 
Glucoside, definition, VI. 826 
Glucosides, see Glycosides. 
/S-Glucosido-gallic acid, VI. 
89a 

Glucotropseolin, VI. 89a 
Glucovaiullin, 'VM. 866 
Glucoxylose, II, 2986, 300c 
Glucuronic acid, II, 297d ; VI, 
21a 

Glue, adhesive strength, I. 
142c ; VI. 286 

— and glue testing (sec also 

Gelatin), VI. 21a 
— , hone, manufacture, VI. 23a 
— , casein, II. 4146 
— , fish, VI, 25a 
— , foam detn., VI. 296 
— , jelly strength, VI. 26d 
— , liquid, Dumoulin’s, V. 506a 
— , melting point, VI. 27d 
— , reaction, pn value, VI. 29c 
Glues, hide and skin, manu- 
facture, VI. 2 Id 
Glue size, VI. 256 
— , sulphur dioxide content, VI. 
29d 

— tensile strength measure- 

ment, VI. 28d 

— vegetable. III. 570d 
— , viscosity test, VI, 27c 

— , water absorption test, VI. 
29a 

Gluside, IV. 28d 
" Gluside,” antiseptic action, 
IV. 28d 

Glutaconic acid, cis- and 
trans-, VI. 306 

Glutamic acid, VI. 31d, 33a, 
35d, 366 

as food, VI. 33c 

, jS-hydroxy-, I. 318e ; VI. 

36d 

, — , detn., VI. 37a 

Glutamine, VI. 376 
d-isoGlutamine, VI. 38c 
Glutaminic acid, VI. 31d 
y - Glutamyl - cysteinyl - 
glycine. III. 541a 
Glutanic acid, VI. 39a 
Glutaric acid, VI. 39a 

, alkyl derivs., “iM. 30d 

, a-amino-, VI. 31d 

, methyl derivs., VI. 39d 

, prepn., II. 366a 

— acids, halogeno-, VI. 39c 
, a-hydroxy-, VI. 39a 

— acid, l-trihydroxy-, I. 454a 
GlutarmonoEddebyde, VI. 34o 
Glutathione, III. 541a ; IV. 

3116 

Gluteliu, II. 85d 

— in malting, II. SSd 
Gluten, II. 84c 

— , detn., II. 84c, oOOa 


Glutenin, II. 856, 505a 
Gluten in baking, II. 74d, 77c, 
84c, 504c 

Glutenin in flour, II. 74d, 84c, 
856, 505a 

gluten, II. 84c . 

Gluten, wheat, II. 5046 
Glutimides, VI. 38d 
Glutin (see also Gelatin), III. 94c 
“ Glutinosa,” II. 489d' 

" GlutoUn,” II. 480a 
Glyceraldehyde, VI. 566 

— ethylacetal, I. 36c 
Glycerates, VI. 56c 
Glyceric acid, VI. 406 
Glycerides (see also Butter ; 

Fats ; Oils ; and individual 
glycerides), VI. 64c 
— , mixed and simple, VI. 40d 
— , mono- and di-, preparation, 
VI. 65c 

— , optical isomers, VI. 65a 
— , polymerisation of un- 
saturated, IV. 89d 
— , tri-, m.p. tables, VI. 66, 67, 
68 

— , — , double and triple melt- 
ing points, VI. 66c, 676 
Glycerin (see also Glycerol ; 

Glyceryl), VI. 40c 
— , analysis, detn. of glycols, VI. 
63a 

— , arsenic-fre'e, VI. 466 

— as preservative, V. 302c 
Glycerinates, VI. 56d 
Glycerin, candle crude, VI. 45 q! 

— cements and lutes, VI. 64c 
— , C.P. or chemically pure, VI. 

47a, 48a 

— , crude, VI. 426 
— , — distillation, VI. 426, 466 
— , — Twitchell, VI. 426, 46a 
— , detection and detn., V. 
302d ; VI. 57a 

— , detn., acetin process, VI. 
57c, 606 

— , — , copper process, VI. 57c 
— , — , dichromate process, VI. 
576, 61c 

— , — , micro-Zeisel, II. 634a 
— , dynamite, VI. 47a, 48a 
Glycerine, see Glycerin. 
Glycerin evaporators, IV. 

. 406a ; VI. 43c 
— , fermentation, II. 4296 ; V. 

24d, 516 ; VI. 416, 46d! 

“ Glycerin foots,” VI. 70c 
Glycerin, industrial uses (see 
also “ Alky d” resins; Ex- 
plosives ; Food preserva- 
tives ; Ink), II. 4496 

— production, II. 4296 ; VI. 

416 

— , “ refined,” VI, 45d 
— , saponification crude, VI. 
426, 45o 

Glycerins, crude, analysis, 
by International Standard 
methods, VI. 58d 
— , distilled, VI. 47a 
Glycerin, soap lye and saponi- 
fication crude, specifica- 
tions, VT. 62c 

— , or soap crude, VI. 426, d 

— solutions, freezing-points, 

VI. 646 

— stills, VI, 476 

— , synthetic, from propylene, 
VI. 41d 

— , trinitro-, IV. 491c 
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Glycerolj see also Glycerides ; 
Glycerin ; Glyceryl. 

— as solvent, VI. 55d 

— , b.p. and vapour pressure of 
solutions, VI. 536 

— formins, V. 3266 
, alkyl-, V. 327a 

— for nitroglycerin, IV. 491<Z 

— from mould fermentation, V. 

516 

— , nitric acid esters (see also 
Nitroglycerin), IV. 491a 
— , properties, VI. 48c 
— , refractive index of solutions. 
VI. 51, 52 

— , sp.gr. and wt.-%, VI. 49, 50 
— , sulphuric acid esters, VI. 
69a 

— , viscosities of solutions, VI. 
54, 55 

Glycerophosphoric acid for- 
mation by yeast (see also 
Fermentation, alcoholic), 
II. 99d 

a - Glycerophosphoric acid 
formation in muscle, VI. 76c 
Glyceroxides, see Glycerates. 
Glycerylacetdl, I. 36*c 
Glyceryl arsenite, VI. 69a 

— borate, VI. 696 

— ether of guaiacol, VI. 140d 

— ether, aS-fsopropvlidene, VI. 

70c 

— ethers, diethyl and ditolyl, 

VI. 70c 

— formate, a- and jS-, V. 326c 

— mono-, di-, and tri-chloro- 

hydrins, ITE. Q~d 

— a- and ^-monophosphoric 

acid, VI. 69c 

— phosphoric esters, VI. 696 

— phthalate, see “ Alkyd ” 

resins ; “ Glypial " resins. 

— tri-a-eteostearate, Hh 258a 

— trinitrate, see Nitroglycerin. 
Glycidic acid, VI, 71a 

— esters, VI. 716 
Glycidol or glycide, VI. 71c 
Glycine, VI. 71d 

— anhydride, VI. 73a 

— esters, 72d 
Glycine hispida, I. 659c 
Glycines, aromatic, VT. 72d 
Glycine, teste for, VI. 73c 

" Glycobrom,” VI. 73c 
Glycocholic acid, I. 689c 
Glycocoll, VI. 71cZ 
GlycocoUaminocarboxylic 
acid esters, VT. 73a 
Glycocollate, heptanohner- 
curic, VI, 73a 

Glycocoll, oxidation, II. 2786 
Glycocyamine, VI. 73o 
Glycogen, I. 16 ; II. 282a, 
302a, d 

— from yeast, V. 13a 
Glycogenase, V. 14c 
Glycogen breakdown in muscle 

extract, VI. 77c 

Glycol (see also tinder Ethv- 
lene), IV. 3776 

— acetal, Tlh 3836 

— carbonate, IV. 378a 

— chlorohydrin, IV. 3756 

— ethers, IV. 3786 
GlycoUic acid, V. 73c 
Glycol, manufacture for ex- 
plosives, IV. 490a 

— monoethyl ether, IV. 378c 

— oxalate, TV. 378a 


gem-Glycols, dialkyl ethers. 
I. 33d 

Glycol vinyl ether, I. 91c 
Glycolysis (see also Fermenta- 
tion, alcoholic), I. 557c ; 
VI. 73d 

— , activators and inhibitors. 

VI. 816, 82a 
— , aerobic, VI. 80c 
— , anaerobic, of tissues in vitro, 
VI. 80a 

— , blood, VI. 746 . 

— , — , and clotting, II. 22d 
— , co-zymase in, VI. 78c 
— , effect of lack of oxygen and 
glucose, it:. 81c 

— , fluoride, VI. 81d 

— , glyceraldehyde, VI. 

82a 

— , iodoacetic acid, VI. 

81c 

— , K and Ca ions, VI. 816 

— , phloridzin, VI. 81d 

— in brain, VI. 796 

muscle, n. 74d 

tmnours, VI. 806 

— , methylglyoxal in, VI. 78d 

— of sugars, VI. 82a 

— , pyruvic acid in, VI. 816 
“ Glycosal," VT. 826 
Glycosides, VT. 826 
— , biological significance, VT. 
85a 

— , cyanophoric (see also Axcryg' 
dalin.; Emulsin), III. 5316 
— , disaccharides in, VT. 83a 
— , enzymicsynthesis, IV. 313d; 
VI. 846 

— , hydrolysis by enzymes (sec 
also Enzymes), VI. 84c 
— , natural, carbohydrates of, 
VI. 82d 

— , nitrile, VI. 83d 
— , phenolic, VT. 836 
— , purine and pyrimidine, VI. 
83c 

— , purpurea, A and B, II. 384a 
— > y-pyran derivs., VI. 836 
— , steroid, VT. 83c 
— , siflphur compotmds, VT. 83d 
— , synthesis, VI. 83d 
Glycoxide, sodium, TV. 377d 
S-Glycuronic acid, I. 12a 
Glycyl eth'vl ester glucoside, 
Xl. 736 

Glycylglyceride, a-mono-, VT. 
736 

Glycymerin, II. 401d ; VT. 
986 

Glycyphylim, VI. 89a 
Glycyrrhetic acid, VI. 986 
Glyc3nThetin, VI. 986 
Glycyrrhiza glabra (Badix Uqui- 
ritice), VG. 916 

Glycyrrhizic acid, detn., VT. 
98c 

Glyoxal, I. 806, 99c, 565c ; VI. 
98c 

Glyoxalase, VI. 78d 
Glyoxaline, VI. 98d 

5-alanine, VT. 231c 

Glyoxal sulphate, I. 99c 

— trimeride, VI. 98c 
Glyoxime, VI. 98d 
Glyoxylic acid, VI. 99c 
, condensation with urea, 

\ Yl. 1006 

detection, VT. 100c 

Glyi>henarsme, I. 4876 ; VT. 
lOOd 


" Glyptal'" resins, I. 238c- 
II. 469a; VI. 64a ’ 

in lacquers, II. 472d 

Gmelinol, Yl. 100c 
Gneiss, II. 314c ; VI. 1266 
Gnoscopine, VI. lOOd 
Goa powder, I. 4576 ; III 
1166; YI.lQ0d 
Goethite, II. 2od ; III. 366d 
VI. lOOd 
Gold, VI. 101c 

— aUoys, VI. 109c 

— amalgams, VI. 110a 

— carbide, II. 2806, 2816 

— , colloidal, II. 419c ; III. 
2876 ; VI. 1096 

— compounds (see also Auric, 

Aurosoauric, Aurous, 
Auryl compounds), VI. 
llOd 

, inorganic, containiug 

complex organic radicals, 
VT. 118d 


— — , organic, VI. 1196 

— ,' co-ordination compounds, 
VT. 111a 

copper alloys, VT. 109c 

— , co-valency, VI. 111a, 1216 

— cyanides. III. 486a ; VI. 

115c 

— , detn., assay, I. 524c 
— , — , electrodeposition, II. 
701a 

— , — , gravimetric, II. 587a 
— , — , volumetric, II. 6576 
— , diethylmonobromo-, - and 
derivs., VI. 119c, 120a ^ 
— , electrodeposition, TV. 265a 
Golden sulphide of antimony, 
I. 447a 

— wattle, I. 11c 

Gold extraction, “ aU-sliming ” 
methods, VI. 1056 

, amalgamation, VT. 102c 

by flotation, VI. 107a 

, crushing by stamps, VI. 

■103a 

, cyanide process, HI. 

4866 ; VI. 102c, I04a, 115o 

, filtration of slime, VI. 

105d 

from cvanide solutions, 

VI. 106a ' 

ores, VI. 1026 

, gravel washing, VI. 1026 

, gravity concentration, 

VT. 102c, 103d 

, Merrill - Crowe process, 

VI. 106c 

, ore crushing, VI. 10..C, 

1036 

, separation of pmp, Vi- 

105a 

, slime treatment, VI. lOoc 

, Taverner process ,'VT. 106c 

, tube nulls, VI. 1036 

— , Faraday’s (see also Gold, 
coUoidal), VI. 1026 

— films from diethylmono- 

bromogold, VT. 119d 

— flux, I. 559c 

— , fulminating, VT. 116c 

— imido-compounds, complex, 

VI. 118c 

iron alloys, VT. 110a 

— lace, VI. 1106 

— leaf, VT. 1106, llOd 

— , legal standards, VI. 110c 
— , Mannheim, VT. 122o 

— monobromo-, VT. 113c 
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Gold, monocMoro-, VI. 113d 
— , — , ammino-, VI. 114a ' 

— , — , dibenzylsulpliido-, VI. 
114a 

— monocyanide, VI. 1156 

— , monocyano-, diethyl, VI. 
121a 

— , monoiodo-, VI. 114d 
— , — , diethyl, VI. 1206 
— , — , triethylphosphino-, VI. 
114d 

— , — , trimethylarsino-, VI. 

114d 

— , mosaic, VI. 122a 

— number. III. 2876 

— ore, classifiers of ground, VI. 

103c 

, Dorr bowl classifier, VI. 

103d 

— ores, VI. lOld 

— oxides, VI. 115d 

— parting by sulphxu’ic acid, 

VI. 107d, 109d 
— , placer deposits, VI. 102a 

— powders, II. 118d 

— , precipitation, VI. 106a 
— , properties. III. 2876 ; VI. 
1096 

— , purple, II. 419c ; V. 513c ; 
VI. 1226 

; — , pyridinotrichloro-, VI. 113a 
— , qualitative reactions, II. 
606d 

— , , rare metals present, 

II. 554d, 556d 

— refining, VI. 107c 

by electrolytic deposi- 
tion, VI. 108a 

, chlorine process, VI. 108d 

— — , Moebius process, VI. 108a 

, silver recovery from, VI. 

108a 

, sulphmic acid process, 

VI. 107d 

, Wohlwill process, VI. 

1086 


— salts, VI. 117a 

— -silver alloys, VI. 107d, 109d 

— smelting, VI. 107c 
— • solders, VI. 1106 

— sols, blue and red (see also 

Gold, colloidal), II. 289c 

— sulphides, VI. 1106 

— sulphiti«, complex, VI. 117c 
— , sulpho-tellm’ide ores, treat- 
ment with cyanide, VI. 
lOOd 


— telluride, II. 201c 

“ Gold therapy,” VI. 117d, 118d 
Goldthioglucose, VI. 110a 
Gold toning of silver prints, VI. 
117d 

Gold tribromide (tribromo- 
gold) VI. 1116 • 

— trichloride, co-ordination 

compounds, VI. 113a 

— trihydroxide, VI. 115d 
— , uses, VI. 1106 

— wares, VI. 1106 

, coloiu’ing, VI. 110c 

“ Gomenol," VI. 123a 

“ Gommaline," I. 143c 
“ Gond babul,” I. 585a, 6 
Gondang wax, V. 1716 ; VI. 
1236 


Goniometer, V. 1236 
Gooseberry, VI. 124d 
Gorlic acid, II. 5236 
Gorli (gorley) seed oil, II. 6236 
Gorse, VI. l^a 


” Gosio gas,” I. 479d, 483c 
Goslarite, VI. 1256 
Gossypetin, I. 101c ; III. 4056 
Gossypitone, III. 405d . 

Gossypitrin, III. 4006 ; VI. 
896 

Gossypitrone, III, 400c 
Gossypium spp., V. 1366 
Gossypol, apogossypol. III. 

4076, 4086, 410a ; IV. 2526 
Gofilard’s extract, lotion and 
water, I. 55c ; VI. 125c 
“ Grahams salt,” VI. 125c 
Grains of Paradise, I. 101a 
Gramine, VI. 125c, 403c 
Granite, V. 4a ; VI. 126a 

— -aplite. III. 32d 

” Granite, black,” V. 409a; VI. 
127c 

Granite building stone, II. 137c 
— , graphic, VI. 1206 
— , Slendip, Petit, II. 137d ; 

, VI. 127c, 

pegmatite. III. 32d 

Granitite, VI. 120a 
Granulobacter pedinovoruvi, V. 
159c 

Grape, VI. 127d 

fruit, VI. 129a 

, essential oil, VI. 1306 

, pectin content, VI. 128c, 

1306 

— “ honey,” VI. 128c 

— juice, methyl anthranilate in, 

VI. 128c 

, preservation, VI. 128c 

— -seed oil, IV. 86c ; Vl. 130c 

types, VI. 131d 

Grapes, ripening, VI. 1286 
Graphic granite, VI. 1206 
Graphite (sec also Black lead), 

II. 309a, 313d 

Graphitic acid, II. 309d ; VI. 
132a 

Graphitites, II. 310a 
“ Grappiers,” II. 1356 
Grass-cakes, rapid drying, 
IV. 500a 

cloths. III. 326 

— , Deccan, II. 482d 

— ensilage, VI. 133d 

, driers for, VI. 134a 

Grasses, III. 433a ; VI. 134c 
Grass, Indian buffalo, II. 482d 
Grassing of linen, II. 11c 
Grass land, VI, l32c 

, intensive manuring and 

grazing, VI. 133c 

, lime deficiency, VI. 132d 

, phosphate deficiency, VI. 

133a 

Graupen, I. 004d 
Grau-spiessglanzerz, I. 4406 
“ Gravocaine,” -I. 300c 
Grease, annual, VI. 1356 
— , black, VI. 135d 
— , brown, VI. 134d, 135c 

— coatings and slushing com- 

pounds, III. 394d 
— , cun'iers’, VI. 1356 
— , extraction, VI. 135a 
— , fuller’s, VI. 135c 
— , garbage, house or kitchen, 

• V. 428a ; VI. 134d 

— (lard-) oil, VI. 135a 
— , melted stuff, VI. 134d 

— oleine, distilled, VI. 135c 
—1 packers’, VI. 134d 

— , packing-house, VI. I34d, 

— , recovered, VI. 135c 


Greases, VI. 134c 
— , sldn, VI. 1356 
— , stuffing, VI. 1356 
Grease, stearins, VI. 135a 
— , tankage, VI. 135a 
— , whale, VI. 1356 
— , white, VI. 134d 
— , wool, VI. 135c 
— , — fat, VI. 135c 
— , yellow, VI. 134d 
— , Yorkshire, VI. 135c 
“ Greasy stone,” I. 102c 
Green, Acid Alizarin B, BG, I. 

3936, 393c, 230c 
— , Aldehyde, I. 193c 
Greenalite, VI. 135d 
Green, Alizarin, I. 2056, 229a, 
397a 

— , — Brilliant, G, SE, I. 
232a 

— , Cyanine, I. 232a 

— , — Cyanine i, I. 2056, 231a, 
404d 

— , — Direct, G, I.-400c 
— , Alsace, 1. 203a 
— , Anthraquinonc, GX, I. 400a 
— , Azine, GB, I. 572d, 570a 
— , Baryta, I. 642d 
— , Bindschcdler’s, VI. 418a 
— , Brilliant, II. 1056 
— , Brunswick, II. 1196 ; III. 
112d, 3506 

— , Caledon, 2B, BP, RC, I. 

4156, 424c, 4156 
— , Caledon Jade, I. 205c 

— , , G, 2G, 4G, X, I.425d, 

425a, 420d 

— , Cassel, I. 042d ; V. 297d 
— , Casselmann’s, II. 4186 
— , Chrome, III. 1076, 112d 
— , Chromium, III. 107a 
— , Ciba, G, VI. 4536 
— , Cibanone, B, I. 424a 
— , Cobalt, III. 219a, c 

— -earth, VI. 136a 

— ebony, VI. 1366 

— , Emerald, I. 478a ; III. 
1076 ; IV. 279c 

— , Guignet’s, III. 1076 ; IV. 
.270c 

— , Indanthreno Brilliant, PPB, 
I. 425a 

Greenland .spar. III. 4406 
Green, Malachite, cryst., I. 
425d 

— , Manganese, I. 042d 
Greenockite, II. lOOd ; VI. 
136d 

Green, Pannetier’s, III. 1076 ; 
IV. 279c 

— , Paris, I. 478a 
— , Prussian, III. 473a 
— , Rinmann’s, III. 210a 
Greens, Acid, I. 120a 
Greensand in base-exchange 
reactions, VI. 2186 
Green, Scheele’s, I. 409a, 477d 
— , Schweinfurt(h), 1. 54d, 409a, 

■ 478a ; IV. 279c 

— , Soledon .Tade, I. 4296 

— .stone, IV. 8a. 536 
— , Turquoise, IIT. 2106 
— , Ultramarine, III. 1076 

— Verdigris, I. 54 d 
— , Zinc, III. 113d 
Grege, V. Ola. 
Grenz-dextrins, III. 5086 
Grey cloth and grey yai-n, Tl. 

3d; V. 151d 

— , Indanthreno, K, I. 420a, c 
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Giincotton, nitration in centri- 
fuges, IV. 609c 

— , testing and analysis, IV, 
6146 

— , wasliing, IV. 511d 
Gtmlha, I. 4c 
Gunpowder. IV. 453a 
— analysis, IV. 462a 
— , breaking down and press- 
ing, IV. 457c 

— , brown or cocoa, W. 459a 
— , density, IV. 4606, 4626 

— explosions, gases and pres- 

sures in, XV. 4606 
— , granulating or corning, IV, 
io7d 

— , grinding and incorporating, 
IV, 457a 

— , bygrometric test, IV. 462c 
— , pebble and prismatic, IV. 
ioSd 

— , sodium nitrate mixtures, 
IV. 4636 

— , storing-, finfsltiug and blend- 
ing, IV. 4586 
— , sulpburless, IV. 463a 
Gurf-ginja, I. 4c 
Gurjunenes, VI. 156d 
“ Gutta,” II; 119a 
Gutta, K., VI. 1596 
— , para, VI. 1596 

— percba, VI. 157 

, analyses, VI. loSc 

from Palaguiinn spi}., VI. 

1576 

Payena spv,, VI. 1576 

golf balls, VI. 1596 

m submarine cables, VI. 

159a 

substitutes, VI. 1596 

Gutzeit's test, I. 4706 
Guvacine, I. 458a, 6 
Guvacoline, I. 4586 
Guyacau, VI. 159c 
Gynergen, IV. 3306 
Gynocardia oil, II. 5226 
Gynocardin, VI. 896 
Gynolactose, I. 242a 
“ Gynoval,” VI. 159c 
Gypsogenin, VI. S9c 
Gypsophila-sapondii, VI. 896 
Gypsum, II. 240a ; VI. 159c 
— , Prencb, VI. 160a 

— in cellulose plastics, II. 474d 
— , — polisbmg tin-plate, VI. 

1606 

— , mineral, II. 1296 
— , — , origin, 160a 

— plasters, II. 1296 
— , properties, II. 2326 
Gyrolite, II. 227c 
Gyrophora spp., VI. 160c 
Gyrophoric acid, VI. 160c 


H 

Haas-Oettel electrolvtic cell, 
III. 65d 

Haber-Bosch. process, I. 335d 
Hackberry-seed od, VI. 278d 
Hackling of linen, II. 11a 
Haem, VI. 163c 
“ Hssmarogen,” A'l. 1606 
Haematic acid, I. 6916; III. 
836 

Haematin, VI. lOlo, d 
— . acid, A^I. 161d 
— , alkaline, VI. lOld 
— j detectionanddetn.jVI. 1656 


Haematin, detn. spectroscopic, 
VI. 164c, 1656 

— , liisto- and myo-. III. 544a 
Haematinic acid, VI. 1626 
Haematin in catalase, II. 422c 

bsemoglobin, II. 206 

— , occurrence, VI. 163a 
— , reactions, VI. 164c 
— , reduced, VI. 165c 
Haematins, absorption spec- 
trum, A^I. 1656 

Haematite, II. 25a ; A’^I. 1606 

— in carnallite, II. 390a 
Haematogen, II. 22o ; VI. 

1606 

— in anffimia therapy, II. 22a 
Haematoporphyrin, II. 20c, 

21a ; la. 1616 

— hydrobromide, dibromo-, VI. 

1616 

Haemin, II. 20c ; VI. 161a 
— , blood test, Vl. 1616 
— , synthesis, VI. 163a 
Hsemachromogen, VI. 164d, 
d, 1656 

— compounds of cytochrome, 

III. 5446 

Haemocyainin, U. 20a 
Haemoglobin, II. 20a ; VI. 
1646, 164c, I65c 

carbon monoxide com- 
pound, II. 2lc, 346a ; A^I. 
166a, 1676 

— , constitution, II. 206 ; VI. 
165c 

— in diet, II. 626 

invertebrate blood, A^I. 

163c 

— , kinetics, A’l. 167a 
— , muscular, A^. 166d 
— , oxidation, VI. 164d, 1676 
— , oxygenation, VI. 164d, 165c, 
d, 166c 

Hemoglobins, absorption 
spectrum, VI. 166a 
“ Hssmol,” VI. 1606 
Haemophilia, II. 22c 
“ Hemopyrrole,” II. 20c ; III. 

836 ; A^I. 162a 
Hafnia, VI. 169d 
Hafnium, II. 4806, 511c; VI. 
169a 

— acetylacetone, VI. 170c 

— boride, VI. I70c 

— carbide, II. 281d ; VI. 170c 

— chlorides, VI. 170a 

— , detn., see Zirconimn, II. 597c 

— dioxide, ATI. 169d 

— iodide, A^I. 1706 

— nitrate, AH. 1706 

— oxybromide, AH. 170a 

— oxyfluoride, VI. 170a 

— phosphates, AH. 1706 

— , qualitative reactions, II. 

554a, 5566, d, olid 
— , separation from zirconimn, 
AH. 109a 

— sulphate, VI. 1706 

— tetralluoride, AH. 169d 
Hafnyl chloride, A''I. 170a 

— phosphate, AH. 1706 
Haglund process, I. 2686 
Haidingerite, ll. 2266 
Hair dyeing, AH. 171c 

— dves (human), AH. 170c 

— salt, I. 2S9a 

“ Halarsol," I. 4896 
“ Halazone," lA". 20c 
Halberg-Betb dry gas-clean- 
ing, A^, 377 


Haldane apparatus, II. 677a 
Half value period, AH. 172d, 
173a _ 

Halibut-liver oil, vitamins, 
III. 250a 

Halides, see also Bromides ; 
Chlorides ; Fluorides ; 
Iodides. 

— , detn., electrolytic, II. 700a 
— , — , potentiometric, II. 7066 
Haliotis rufcscens, H. gigantcus, 
I. 16, 201c 
Halite, AH. 1736 
Hall process, I. 268c 
HaUoysite, III. 190a ; AH. 
1746 

Halogen, catalytic addition or 
substitution, II. 42Sc 
— , detection in carbon com- 
pounds, II. 6156 
— , detn. by hydrogenation, A^I. 
3616 



— , Carius method, II. 6206 
— , Gi’ote and Erekeler’s 
method, II. 621c 
— , micro-methods, II. 632a 
— , Piria and SchifC’s 
method, II. 621a 
— , Stepanov’s method, II. 
621c 


-, volumetric, II. 657c 
Halogeno-acetic acids, VI. 


174c 

— -aromatic compounds as 
antiseptics, IV. 30c 
Halogens, see also Bromine ; 

Chlorine ; Fluorine ; Iodine. 
— , detn., gravimetric, in mix- 
tures, II. 608a, 609a 
— , — , volmnetric, in mixtures. 


II. 659c 


— , qualitative separation of 
Cl, Br and I, II. 505a 
Halotricbite, I. 2S0a ; IV. 

591d; VI. 176d 
Haloxiline, lA^ 4636 
“ Halozone ” disinfectant, IV. 
20c 

Halpben-Hicks test for rosin, 
III. 295a 

— test for cottonseed oil, II. 

1676 ; III. 411c 
Halva, I. 199o 
Halvorsan process, I. 26Sc 
Hamamelin, A'^I. 177a 
Hamamelis and M. spp,, V. 

417a ; VI. 89c, 177a 
Hamamelitannin, A^I. 89c, 
1776 

Hamamelose, II. 288(7 
Hambergite, I. 685a ; AH. 13c 
Hamlinite, V. 263c 
Harden and Yoimg ester. A’’. 22(7 
Hardened fatty oils, sec also 
BEydrogenated fatty oils. 

, food values, AH. lS5r7 

Hardening oils, methods, AH. 
177(7 

“ Hard lead,” I. 445(7 
“ Hard purple ” china-stone, 
III. 32c 

Hard surfacing . with oxy- 
, acetylene, I. 1166 
Hargreaves-Bird cell, III. 536 
BCargreaves-Robinsbn pro- 
cess, 11. 42Sc 

Harmala alkaloids (see also 
Aribine), A’l. 186a 
Harmaline, VI. ISOa 
Harmalol, VI. ISOa 
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Harman, I. 4666 ; VI. 186a 
Harmine, VI. 186a 
Harmotome, I. 6316 
Hartsliorn oil, II. 29c 
HaslialD, I. lid 
HasMsli, II. 269c 
Hatcliettolite, I. 685c 
Hatscliek’s viscosity formula, 
IV. 292d 

Hansmannite, VI. 1896 
HawMte, IV. 55Gd 
Hawk’s eye. III. 430a 
Hawtiiom, H. perfume, VI. 
1896 

Hazelnut oil, VI. 189^ 
Heather, VI. 190a 
Heat of activation, II. 531cZ 

solution of salts, VI. 297c 

transfer processes. III. 321a 

Heavy alloy, VI. 1906 

— hydrogen, see Deuterimn. 
spar, I. 6416, 651a 

— water, see Deuterium osdde. 
Heherlein finishing, V. 191a 
Heckling of textiles, II. 461c 
Hedenhergite, HI. 573a 
Hederin, VI. 89c 
Hedge-mustard seed oil, VI. 

1906 

“ HedonaV' VI. 190d 
Hedyotine, VI. 190d 
“ Hegonon,” VI. 191a 
Heide’s, C. von der, extractor, 
IV. 587d 

Helenien, II. 398d, 400c ; VI. 
191a 

Helenin, I. 1756 
Helianthic acid, VI. 191a 
Helianthus spp., I. 497a ; III. 
4066 

Helicin, VI. 90a 
“ Helicon” I. 517d 
Helicoruljin, VI. 168c 
“ Helindone ” colours, I. 232c 
Heliodor, I. 6856 
“ Helio ” dyes and pigments, 
IV. 236a, 6 

Heliotrope, II. 25a, 517c 
— , Alizarin, BB, I. 2326 
— , Brilliant, 2E, I. 577a 
. — perfume, VI. 1916 
— , Tannin, I. 577a 
Heliotropin, VI. 1916 
Helium, III. 204c ; VI. 191c 
1 and -n, VI. 191d 

— and radioactivity, VI. 199a 
— , balloon filling, VI. 199c 

— , chemical properties, VI. 
198d 

— , critical constants, VI. 197c 
— , detection and detn., VI. 
1996 

— , detn. (see Argon, detn.), II. 
681d 

— from springs, VI. 193a ^ 

— gas thermometer, VI. 199(Z 

— in minerals, VI. 1946 
natural gas, VI. 193c 

— , laboratory prepn., VI. 194cf 
— , liquefaction, VI. 197c 
— , occtmrence in cosmos, VI. 
,192c 

— , the earth’s atmosphere, 

VI. 192d 

— , volcanic and hot- 

spring gases, VI. 192fZ 
— , physical properties, VI. 19Ga 

— production, 195c 

— , respiratory mixtiu'e, VI. 
199c 


Helitxm-ii, thermal conduc- 
tivity, VI. 1986 
— , uses, VI. 199c 
“ Hella ” bush light, V. 486fZ 
Hellaudite, VI. 199d 
Hellebore, see also Hellehorus. 
— American, VI. 200cZ 
— , green, VI. 2006 
— , white, VI. 200c 
Helleborein, helleborin, II. Ic, 
3876, c 

Helleborus niger, H. viridis, H, 
spp. {see also Hellebore), 
n. Ic, 3876 ; VI. 2006 
Hellebrin, II. 3876, c 
HeUboffite, IV. 545d 
Helmholtz double layer, III. 
284a 

Helrninthosporin, V. 55a 
Helminthosporium spp., pig- 
ments. V. 54d, 5od 
“ Helmitol," VI, 200d 
Helvite, III. 547a 
Hematine Crystals, IV. 1266 
Hematite {see also Hsematite). 
VI. 1606 

Hemellitbenol, VI. 201a 
Hemicelliiloses, II, 59a, 463a ; 
VI. 201a 

— from straw and wood, VI. 

2016 

Hemibydrate from gypsum. 
II, 130a . 

Hemimellitene, hemimeUi- 
trine. III. 457a 

Hemimorpbite, II. 2016, 516 ; 
VI, 137c, 201d 

Hemipinic acid, II, 236a ; VI, 
202a 

m-Hemipinic acid, II, C96 ; 
VI, 202c 

isoHemipixdc acid, VI, 202d 
” Hemisine ” {see also Adrena- 
line), I. 147(Z 

Hemlock {Conium), III. 324c 

— alkaloids. III. 3Mc 

— , lesser {^thvsa), I, 160cZ 

— spruce resin, II. 2016 ; VI. 

202d 

“ Hemostatin” I. 147d 
Hemp, I. Ic ; II. 269c ; V. 
162c, 1086 

— , Ambari, Deccan or Mesta, 
V. 164c 

— , Canadian, III. 5386 ; VI. 
422cZ 

— , cottonisation, V. 162d 

— hurds, V. 162d 

— , Manila (see aZso Abaca fibre), 
I. la ; V. 164d 
— , — , specification, V. 1656 
— , Mauritius, V. 168a 
— , Mesta, V. 104c 
— , New Zealand, V. 1656 
— , perennial Indian, I. 4c 

— resin, Indian, VI. 422c 
— , Rozelle, III. 4076 
Hemps, bowstring, V. 1686 
Hempseed oil, IV. 86o ; VI, 

203a 

in paints, VI. 203c 

— , Sunn, II. 4016 ; V. 1636 
Henbane. VI. '203c 
Hendecenoic acid, VI. 204c 
Hendecoic acids, VI. 204a 
Henequen fibre, I. 165a ; V. 
166a 

Henna, VI, 1716, 204c 

— -reng, VI. 1716 

Henry ’s law, I. 6c ; IV, 386, 486 


Hentriacontane, I, 200c ; II 
119c, 262a 

n-Hentriacontane ’ in cab- 
bage, II. 182d 

Heparin, anticoagulant, II. 

23c; VI. 205a 
Hepar sicc., VI. 204(7 
Heptaetbylene glvcol, IV. 3796 
Heptaldebyde, II. 422o; VI, 
205a 

n-Heptane, I, Id 
— , luminescent oxidation, III. 
236 

cycZoHeptatriene, III. 5356 
n-Heptoic acid, VI. 205a 
isoHeptoic acid, VI. 2056 
Heptoic acids, '\H. 205a 
Heptylacetoacetic acid, ethyl 
ester, I. 61c 

Heptyl alcohol, VI. 205(Z 
/z-Heptylsuccinic acid, VI. 
205(7 

Herapatbite, III. 172c 
— in cellophane, II. 443a 
“ Heratol,” I. 75a 
Herbacetin, herbacitrin, III. 
407a 


Hercynite, IV, 279(7 
Herderite, I. 685a 
“ Hermite fluid ” disinfectant, 
IV. 20(7, 216 

“ Heroin,” I. 65(Z ; VI. 2054 
Herring oil, V. 228(7 
“ Hertolan,” II, 264c 
Herzenbergite, VI, 206a 
Herzynine, VI, 2376 
Hesperidin, VI, 90a 
Hesperitinic acid, V. 61a 
Hessite, VI. 206o 
Hessonite, III. 183c ; V, 420c 
Hetero-au3dn {see also Gro^vth 
factor), I, 5586 

Heteroazeotropic mixtiu'es, 
TV. 516 

Heterogeneous reactions, see 
Reactions, heterogeneous, 
^-Heteroglucosidase, II. 442c 
Heteroxantbine, and syn- 
thesis, VI. 2066 
Heterozeotropy, IV. 51c 
" Hetocresol,” VI. 224(7 
Hevea braMliensis, I. 206 ; IV. 

86c ; VI. Ola 
Hewettite, VI. 224(7 
Hexaborane, II. 40(7 
Hexacyanogen, VI, 224(7 
n — Hexadecane dicarboxyhe 

acid, XI. 225(Z 

d®^-Hexadiene, II. 156(7 ; III* 


573a 

:yc7oHexadiene. III. 5356 
Sexabydrite, H’. 3216 
Elexabydrobenzene, VI. 2^6c 
3exabydrocarbazole, II- 27"a 
Sexabydrofamesol, IX. 5916 
ilexabydropbenol, V7. 22o(Z 
Te^debyde,W. 22^ 


Soda 

“ Hexamecoll,” VI, 2256 

Hexametbylcarbylamme 

feiTO-salts, III. 4756 
Hexametbylene, VI, 225c 

Hexamethylenetetramine, !■ 

195a ; V. 3206 

— antiseptic, IV. 27(7 

— borate, II. 536 

camphorate, I. Son! 

— compound with hromal, li- 
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Hexamethylenetetramine , 
detection, V. 298& 

— in casein i^aints, II. dl5& 
respirators, III. 186 

— , phosgene absorbent, II. 322a 
— , preservative, V. 297d 
— , trade names, I. 326a 
Hexamethylenetetraminetri- 
, guaiacol, VI. Idle 
Hexamethylenetriperoxide- 
diamine, IV. 5d36 
“ Hexamine," I. 326a 
— , antiseptic, IV. 21 d 
cj/eZoHexane, VI. 225c 
cycZoHexanol, II. 308d ; VI. 
225d 

— , dehydrogenation, II. d27«Z 
cycZoHexanols, prepn., II. 

d26d ; VI. 353d 
“ Hexanon,” I. 380d 
eyeZoHexanone in lacquers, II. 
d72a 

eyeZoHexanones, prepn., II. 

d26d ; VI. 353fZ 
eyeZoHexanone, trade names, 

I. 380fZ 

Hexatriene, II. 151a 
eyeZoHexene, I. d676 ; III. 
633a 

Hexitols, VI. d9da 
“ Hexogen:’ III. 535d 
Hexoic acids, II. 2716 
Hexokinase, V. 24c, 35c ; VI. 
lid 

“ Hexophan,” VI. 2266 “ 

Hexose, breakdown by yeast, 

II. 996 

Hexosediphosphate, fermen- 
tation in presence of 
adenylic acid, V. 39a 

— , arsenate, V. 

396 

— in fermentation and in 

muscle extract, see Fer- 
mentation, alcoholic ; Gly- 
colysis. 

Hexose phosphate, II. 295d 
Hexosephosphoric esters, V. 
216 

Hexuronic acid, I. 502a 
eyeZoHexyl acetate in lacquers, 
II. d72a 

n-Hexyl alcohol, VI. 2266 
Hexyl butyrate, occurrence, II. 
179c 

Hexylformal, I. 3d6 
cycZoHexylformal, I. 3d6 
cycZoHexylcycZohexene, III. 
533c 

Hexyl iodide from glucoses, II. 
2856 

“ Hexyl ” or Aurantia, I. 549c ; 
IV. Idd, d89a 

Hexylresorcinol, II. 271fZ 
Hibbenite, VI. 265fZ 
Hibiscus spp.. III. d076 ; V. 

ICdc ; VI. 906 
Hiddenite, VI. 2266 
“ Hiduminium," I. 2536, 277a 
Hieratite, V. 606 
Higbgate resin. III. 310d 
High temperature carbonisa- 
tion, V. 3676, 450. 451 
Hiirogane, VI. 2306 
Hilgardite, VI. 230c 
Hink’s test for coconut fat, II. 
lC7a 

Hippocastanin, III. 276 ; VI. 
279d 

Hippulin, VI. 269a, c 


Hiptagin, VI. 90a 
Hirsutidin, III. 554c ; VI. 
230c 

Hirsutin, III. 554c ; VI. 231a 
Hirudin, II. 24c 
Hispidogenin, II. 385(Z 
Histamine, IV. 331d 
Histidine, VI. 231c 
tZ-Histidine, VI. 234c 
cZZ-Histidine, VI. 2346 
Histidine and B. coli, VI. 235c 

— and ultra violet therapy, VI. 

2356 

— , derivs., VI. 2376 
— , detection and detn., VI. 
233c 

— from carnosine, II. 392c 

— in cabbage, II. 182(Z 

— , photochemistry, VI. 234d 
— , prepn., VI. 2326 

— salts, VI. 2366 

— , synthesis, VI. 2336 
Z-Histidine, properties, VI. 
234d 

Histine, VI. 233a 
Histones, VI. 231(Z 
Histozsrme, IV. 315a 
Hittorf transport number, VI. 

237d, 2966 
Hiviscin, VI. 906 
H.M.T.D., IV. 5436 
Hochofen cement, II. 1456 
Hofmann degradation, II. 375a 
Hofmeister or lyotropic series, 

III. 286d 

Hofsass burner, V. 247a 
Holarrhena spp., alkaloids. III. 

321d, 322c, 323<Z 
Holarrhenine, III. 322c, 323a, d 
Holarrhimine, III. 3226, 323a,tZ 
Holarrhine, III. 322c, 323a, d 
Hollandite, VI. 2396 
Hollands, V. 5326 
Hollyhock, I. 264a 
Holmes still, I. 346c 
Holmia, II. 51 Id ; VI. 2406 
Holmium, II. 511c ; VI. 239cZ 

— chloride, VI. 2406 

— sesquioxide, VI. 2406 

— sulphate octahydrate, VI. 

2406 

“ Holocaine," I. 304tZ, 369c ; VI. 
2406 

“ Holoklastit,” IV. 404a 
“ Homatropine,” VI. 240e 
Homb erg’s phosphorus, II. 
2136 

S-Homobetaine from carni- 
tine, II. 301c 

Homocamphenilone, II. 2386 
Homocamphoric acid, II. 241c 
Homocaronic acid, II. 3896 
Homocaryophyllenic acid, II. 
4096 

Homocatechol, VI. 240c 
Homochelidonine, II. S21d 
“ Homocol,” III. 5156 
Homoeriodictyol, IV. 333cZ 
Homoeuonysterol, IV. 400c 
Homogenisers, IV. 295c 
Homogentisic acid, VI. 261c 

lactone, VI. 262a 

Homophleine, IV. 330a 
Homopilopic acid, VI. 262c 
Homopyrocatechol, VI. 240c 
Homoquinine, III. lOOd 
Homorenon, I. I47d 
Homoterpenylic acid from 
carene, II. 3S9d 
HomovanUlin, IV. 390a 


573 

Homozeotropic mixtures, IV. 
516 

Homra cement, II. 145d 
Honewort, VI. 262c 
Honey, VI. 262d 
— , ash, VI. 264c 
— , buckwheat, conifer, and 
honey-dew, VI. 263c, d 
— , detection of adulteration, 
VI. 264d 

“ Honey,” Ethiopian mosquito, 
VI. 2636 

Honey, Eucalyptus, VI. 2636 
“ Honey, palm,” VI. 2636 
Honey, preservation with 
sodium benzoate, VI. 2646 
Honeysuckle perfume, natural 
and artificial, VI. 265c 
Honey, “ virgin,” VI. 264a 
— , vitamin content, VI. 264d 
“ Honthin,” VI. 265d 
“ Hoolamite ” in resphators, 

III. 21a 

“ Hopcalite,” II. 347a, 351c, 
682c; III. 106, 20d 
Hopea spp.. III. 5406 
Hopeite, VI. 265d 
Hopkinson pressure bar test, 

IV. 549a 

Hop oil, caryophyllene in, II. 
408d 

Hops, II. 91c 

— as preservatives, V. 2976 
Hordein, I. 647d 

— in malting, II. 88d 
Hordenine, VI. 266a 

— salts, VI. 2666 
Hordeum spp., I. 0456 
Hormone, antidiabetic, VI. 

496d 

— , corpus luteum, VI. 272c 
— , pancreatic, VI. 208c 
— , parathyroid, VI. 2086 
— , pitocin, VI. 2676 
— , pitressin, VI. 207a 
Hormones, V. 636 ; VI. 266c 
— , adrenal, VI. 276c 
— , androgenic, VI. 2746 
— , — , biological assay, VI. 2746 
— , gonadotropic, VI. 266d 
— , melanophoric, VI. 2076 
— , oestrogenic, VI. 208c 
— , oxytocic, VI. 207a 
— , pituitary gland, VI. 260d 
— , plant, VI. 1386 
— , pressor, VI. 267a 
Hormone, thyroid, VI. 2076 
— , vasopressin, VI. 207a 
— , wound, VI. 138d 
Hornblende, II. 137c; VI. 
279a 

asbestos, I. 499c 

basalt, I. 652a 

Hornfels, see Hornstone. 
Hom-quicksilver, VI. 279a 
HornsUver, II. 4816 ; VI. 2796 
Hornstone, I. 46; VI. 2796 
Horse-bone fat, VI. 280d 

chestnut, VI. 2796 

, saponin, VI. 270d 

— -chestnuts, acetone and butyl 

fermentation, VI. 279d 

, butyl alcohol from, VI. 

279d 

— -fat, VI. 280a 

— -fiesh-ore, II. 32d 

meat, identification test, 

VI. 2806 

“ Horse oil,” VI. 280a 
Horse-radish, "S’l. 280d 
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Horses’ cresi-fat, VI. 280c 
Horse's foot oil, VI. 280cZ 
Howlite, I. 586a 
- Huantajayite, VI. 173(7 
Huckleberry, VI. 2816 
Huile surfine Ae Gambia, I. 455c 
Hulsite, VI. 2816 
Hume-Rothery’s rule, VI. 
281c, 2826 

Humic acid, VI. 284c 
Humidification, VI, 28Gc 
Humidity and humidity con- 
trol, VI. 284d 

— control, automatic, 'VI. 2876 
, detn. of water vapour, 

II. 685(7 

, experunental, VI. 287c 

— , detn., VI. 2856, 286a. 

— , industrial importance, VI. 
287(7 

— , relative, VI, 285a 
Humulene, btunulon, II. 92a, 
408(7 

— , nitroso-, II. 409a 
Hutcbinsonite, VI. 288c 
“ Hver-salt,” VI. 176(7 
Hyacinth, VI. 288c7 

— perfume, artificial, VI. 288(7 
Hyacinthin, artificial, II. 118(7 
Hysenic acid, VI. 289a 
Hyalophane, I. 6316 
Hydantoin, VI. 289a 

— -5-acetic acid, VI. 2936 

— , 5-amino-, hydrochloride, VI. 
290a 

— , condensation with alde- 
hydes, VI. 290c 
— , l:3-diacetyl-, VI, 2906 
, l:3-dichloro-^ VI. 2906 
— , homologues, VI. 2914! 

— , 5-nitro-, VI. 290a 
— , physiological action, VI, 
289c 

Hydantoins, I, 3206 
Hydnocarpic acid, II. 5216 

in chaulmoogra oil, II. 

5216 

Hydnocarpus oil, II. 521(7 
Hydracetyl-acetone, I. 30c 
“ Hydraldite,” V. 320c 
“ Hydramin," VI. 2946 
Hydrargillite, I. 264c, 2846 ; 
V. 532a 

“ Hydrargyrol,” VI. 2946 
Hydrastine, VI. 2946 
Hydrastinine, VI. 2956 
Hydrastis alkaloids, II. 2616 
Hydrastis canadensis, I. 6206, 
682(7 ; VI. 2946 

'Hydration, catalytic, II. 428a 
Hydrato-kanten~8 and -y, I, 
163a 

Hydratopektin, V. 162a 
Hydraulic main in gas manu- 
facture, V. 447(7 
Hydrazides, luminescent oxi- 
dation, III. 23(7 
— , preparation, II. 371c 
Hydrazine, VI. 298d 
— . compounds, with chromium, 

III. 109(7 

— , detection, II. 5726 ; V. 
2996 

— , detn., volumetric, II. 663(7 
— , 2:4- and 3:5-dinitrobenzoyl-, 
I. 197a 

— , qualitative reactions, II. 
5726 

HycJrazines, VI. 298c 
Hydrazobenzene, VI. 301(7 


Hydrazoic acid {see also Azo- 
imides), prepn. and derivs., 
I. 580(7 

, qualitative reactions, II, 

5726 

Hydrazones', VI, 302a, 304c 
— , relation to azo compounds, 
VI. 302c 

— of sugars, II. 2926 
— , oxidation, VI, 304a 
Hydrazotoluenes, VI. 304(7 
Hydrides, VI. 305a 

— , interstitial, VI. 3056 
— , salt-like, VI. 305a - 
— , unclassified, VI. 305c 
— , volatile, VI. 305a 
Hydrindone, a- and jS-, VI, 
305c, 3066 

Hydroabietic acid, I. 3o 
Hydroacridines, I. 1286’ 
Hydrobenzamide, I. 195a ; 
VI. 09a 

Hydrobromic acid, II. 117a, 
428(7 

Hydrocarbons, aromatic, in 
petroleum, I. 466c 
— , dehydrogenation, to lamp- 
black, II. 313a 

— in candelilla wax, II. 262a 
photographic dopes, II. 

4486 


— , paraffin, detn., II. 6846 
— , reaction with phenyl iso- 
cyanate, II. 364a 
— , synthesis from water gas, 
II, 3506, 425c 

— , unsaturated, detn. by gas 
analysis, II. 677c 
Hydrocellulose, chain length, 

II. 302a 

— , in photography, II. 447c 
Hydrocerussite, VI. 3086 
Hydrochloric acid, II. 428(7 ; 

III. 69a 

“ Hydrochloric acid number,” 
VI. 164a 


Hydrochloric acid, solvent in 
analysis, IT. 5496 
— ether, IV. 3586 
Hydrocinchene, III. 1646 
Hydrocinchonicine, III. 163c 
Hydrocinchonidine, III, 128a, 
1536, 1626 

— , hydroxy-. Ill, 153c 
— , iodo-. III. 1536 
Hydro cinchonine, III. 128a, 
148a, 162(7, 164o 
— , bromo-, III. 156a 
— , a-hydroxy-, III. 157a 
— , iodo-. III. 156a 
Hydrocinchoninone, III. 163(7 
Hydrocinchotoxine, III. 163c 
— , N-benzoyl-, oxidation. III. 
146a 

Hydrocinnamic acid, HI. 1816 
Hydrocinnamoin, III. 1 80c 
Hydrocupreicine, III. 168a 
Hydrocupreidine, III, 137(7, 
165c 


— formation. III. 14Ua 
Hydrocupreine, III. 137a, 

1616, 167c 

— formation. III. 149a 
Hydrocupreinotoxine, III. 

168a 


Hydrocyanic acid (see also 
\ Cyanides), III. 492c, 500a, 
\501(7 

X detection and detn. of 

^(.^eous, II. 683c; III. 501a 


Hydrocyanic acid from amye- 
dalin, I. 357(7 ; IV. 282c 

plant glycosides (see 

also Amygdalin), II. 237a, 
418c, 483(7; III. 1996, 
5316 ; VI. 83(7 

in fumigation. III. 502b : 

V. 392(7 

warfare, III. 106 

, physical properties, III. 

501a 

from ammonia and acety- 
lene, III. 496c 

carbon mon- 
oxide, III. 

ethylene. III. 

496(7 


(see 

III. 

also 


hydrocarbons, 

III. 4966 

methane, HI. 

497a 

ferrocyanides, III. 492c 

formamide, III. 495a 

nitrogen and hydro- 
carbons, III. 4986 

schlempe. III. 493a 

thiocyanates, III. 492(7 

, toxic action and anti- 
dotes, III. 500c 

Hydroergotinine, see Ergo- 
toxine. 

Hydroeugenol, aminochloro-, 

IV, 396c 

Hydroferrocyanic acid 
also Ferrocyanides), 

4716 

Hydrofluoric acid, see 

Fluorides ; Fluorine ; Hy- 
drogen fluoride. 

, aqueous, V. 280c 

, solvent in analysis, II. 

549(7 

Hydrofluosilicic acid, V. 2826 
Hydrogen, VI. 308c 

— absorbents in gas analysis, 

VI. 358a 

— , active, VI. 320a 
— , adsorption, VI. 314c 

— and metallic oxides, VI. olVa, 

334c 

— arsenide, I. 472(7 , , . 

Hydrogenated fats, nickel m, 

VI. 185c ' „ 

— fatty oils (see also Hardened 

fatty oils), VI. 1776 

, reduction of 

saturated esters, VI. I ' 

, Schmidt’s process, Vl. 

I'llc 

— oils, properties, VI. 183c 

, test for, VI. 1^56 

Hydrogenation, VI. 347c 
— , “ Adams’ catalyst, 

34Sc . ' 

— analysis, destructive, 

3596 

— as dehalogenation process, 

VI. 359a . , „ 

— , Bedford and "Williams pro- 
cess, VI. 178c, 179a 
— , Birkeland and Devik s pro- 
cess, VI. 179c 

— , Bolton and Lush’s process, 
"VI. 1826, 1836, 1856 
— , Bolton’s process, 180a 
— , Calvert’s process, VI. 1 

— catalysts, poisons, VI. oow 

, prepn., VI. 1806 

, — , Lane’s process, 

1806 


VI. 

VI. 
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Hydrogenation, catalytic, VI. 
177d 

— , — , of hydrocarbon oils, VI. 
1786 

— , — , theories of, VI. 372c 
— , colloidal platinum and pal- 
ladium catalysts, VI. 3d06 
— , continuous processes, VI. 
182a 

— , “ copper chromite ” cata- 
lyste, VI. 3i9d 

— , Dewar and Liebmaun’s ap- 
paratus, VI. 179a 
— , Ellis’ method, VI. 179a 
— , Erdmann’s processes, VI. 
178c 

— , experimental conditions, VI. 
350a 

— , Lane’s a;pparatus, VI. 1796 
— , liquid-phase apparatus, VI. 
348a 

— , Maxted and Bidsdale’s ap- 
paratus, VI. 17Qd 
— , McElroy’s process, VI. '179c 

— mechanism, VI. 372c 

— , MeUersh-Jackson’s appara- 
tus, VI. 179d! 

— , micro-methodsi VI. 3486 
— , Moore’s method of sub- 
division, VI. 1796 
— , nickel catalysts, VI. 3496 
— , Normann’s process, VI. 178a 

— of acetylenic compoimds, VI. 

352a 

amides, VI. 3586 

aromatic acids and 

amines, VI. 3546 

nuclei, VI. 352a 

azo-compounds, VI. 358c 

benzene derivs., VI. 353d 

carbonyl compounds, VI. 

' 355c 

coal tars, VI. 371c 

cotton-seed oil, VI. 184a 

double and triple bonds, 

VI. 3766 

ethylenic compounds, VI. - 

351c 

fatty oils, VI. 1776 

furfural, VI. 3556 

heterocyclic compounds, 

VI. 354d 

^ oleic acid, electrolytic 

methods, VI. 177c 

vapour, VI. 178a 

phenol, VI. 353d! 

pyridine, VI. 3546! 

quinoline, VI. 354d 

— , palladium catalysts, VI. 
349a 

— , platinum catalysts, VI. 348c 
— , pressme, VI. 3486 

— processes, VI. 177d 

— , Raney nickel catalyst, VI. 
3496 


— , Ruben’s apparatus, VI. 180a 
— , Sabatier and Senderens’ 
process, VI. 177d! 

— , Schwoerer’s apparatus, VI. 
1786 

— , selective, VI. 350c, 351a, 
350c 


— , solvents in, VI. 350a 
— , Testrup’s process, VI. 17Sd 
— , “ T.R.W. interchange pro- 
cess,” VI. 182c 


— , vapour-phase, VT. 178a, 347c 
— , Walker’s process, VI. 1796 
— , Wilbuschewitsch?s process, 
VI. 178d 


Hydrdgen, bacterial produc- 
tion, V. 44a 

— bromide, see Hydrobromic 

acid. 

— , catalytic production, II. 
425a 

— chloride, see Hydrochloric 

acid. 

— cyanide, see Cyanides ; Hy- 

drocyanic acid. 

— , detection, II. 6836 
— , detn., 11. 678d, 6836 ; VI. 
312c 

— electrode, VI. 335c 

— fluoride (see also Hydro- 

fluoric acid), V. 278d: 

, liquid, as catalyst, VI. 

2606 

— for balloons, VI. 334a 
catalytic processes, VI. 

182c 

— from acids, VI. 3106 
alkalis, VI. 310c 

cracked ammonia, VI. 

335a 

ethyl alcohol, Hiag pro- 
cess, VI. 332d 

hydrides, VI. 3056, 311c, 

3306 

hydrocarbons and organic 

compoxmds, VI. 311(1 

methane, II. 349c 

reduction of steam, VI. 

310d, 325c 

— interchange reactions with 

deuterium, HI. 563c 

— ion, VI. 295d, 297c 

, catalysis by, VI. 253c 

concentration, catalytic 

measurement, "VI. 2516 
, stability test for ex- 
plosives, IV. 534(1 

, detn., VI. 335a 

, — , “ acid error,” VI. 

337(1 

, — , antimony electrode, 

VI. 3396 

, — , “ Buffer solutions,” 

VI. 337c 

, — , colorimetric “ com- 
parators,” VI. 3376 

, — , — methods, VI. 337a 

, — , glass electrode, VI. 

338c 

— ^ , — , “ protein error,” VI. 

337(1 

, — , quinhydrone elec- 
trode, VI. 338a 

, — , “salt error,” VI. 337(1 

, its nature, VI. 2476 

— , litre-weight, VI. 313a 

— manufacture, VI. 371a 
Hydrogenolysis of aromatic 

oxygen in a-position, VI. 
356c 

Hydrogen, ortho-para conver- 
sion, VI. 373(1 

— overpotential. III. 3766 

— peroxide, VI. 3396 

as bleaching agent, VI. 

346c 

disinfectant and pre- 
servative, IV. 19a ; V. 
304a ; VI. 346(1 
, “ autoxidation ” re- 
actions, VI. 310c 

catalvsts, poisons for, VI. 

346a 

, catalytic decomposition I 

at stufaces, VI. 340a ! 


Hydrogen peroxide, catalytic 
decomposition by catalase, 

II. 422c 

, colloidal Pt, II. 

5396 

, htemin, VI. 

346a 

, iodide ions, VI. 

2586 

, detection, II. 574a ; VI. 

346(1 

, detn., II. 664(1 ; V. 304c ; 

VI. 340(1 

, — , potentiometric 

method, II. 707c 

, formation and prepn., 

VI. 340a, 3416 

from anthraquinone, VI. 

340(1 

in biological material, VI. 

339(1 

cotton bleaching, II. 

lOd 

food, detection and 

detn., V. 304c 

, lurninescent decomposi- 
tion, III. 23c 

, prepn., barium peroxide 

process, VI. 342(1 

— — — j pGrsulplitit/G procGSSj 

VI. 3416 

, properties, VI. 3436 

, reaction with formalde- 
hyde, VI. 345a 

, thiosulphates, VI. 

258c 

— persulphide, II. 230(1 
Hydrogen, phj^sical properties, 

III. 563a ; VI. 312c 
--production and pmification, 

I. 334e 

by electrolysis, I. 335a ; 

VI. 3096, 3236 

fermentation, V. 44a 

Pernbach - Weiz - 

mann’s process, II. 169c ; 
VI. 332(1 

ionic displacement, VI. 

309(1 

partial liquefaction, I. 

335a ; VI. 331c 

, closed electrolytic cells 

for, _ Electrolabs or Levin, 
National Electrolyser, Roth 
(I.G.), Schmidt-Oerlikon, 
Siemens, VI. 3246 

, costs of commercial, VI. 

332(1 

, cracking of hydrocar- 
bons, VI. 3316 

, electrolytic cells for, 

Bamag Zdansky, Eauser, 
Holmboe, Knowles, 

Schoop, VI. 323c 

from coke-oven gas, I. 

335a 

water gas (sec also 

Ammonia synthesis ; Cata- 
lysis in industrial chem- 
istry; Gas, water), I. 334c ; 

II. 349a ; VI. 325c, 371c 
, Hydrolith process, VI. 

311c, 3306 ; VI. 381a 

, iron - steam processes, 

Bamag,' Lane, Messer - 
Schmitt, VI. 3286 

, Liljenrot process, VI, 

311c, 330a 

, methane-steam reaction, 

II. 4256 ; VI. 330(1 
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Hydrogen production, pressure 
electrolysers for, Nieder- 
reitlier, Noeggeratli, VI. 
324t7 

, pmification of water gas, 

I. 334d ; VI. 320a 

, Silicol process, VI. 330d 

, water gas generators (see 

also Gas, water), Bubiag 
Didier, Lurgi, Pintscli- 
Hillebrand, Viag, Winkler, 
VI. 3276, 328rt 
— , pure, prepn., VI. 312o 
— , reactions, VI. 315d 
— , reaction with carbon, VI. 
318a 

— , dioxide, VI. 3186 

— , monoxide, II. 319c, 

125c ; VI. 3186, 333cZ 
— , , alcohols from, 

II. 125c; VI. .331a 

— , chlorine, VI. 3106 

— , halogens, VI. 31Ga 

— , hydrocarbons, VI. 

319a 

— , metals (see also Hy- 

drides), VI. 3196, c, 331d 

— , nitrogen, I. 332a ; II. 

123d ; VI. 317d 
— . oxj’gen (see also Ex- 

plosions, gaseous), VI. 316fZ 

— spectra, VI. 321c 

— sulphide, carbon disulphide 

from, II. 337c 

, detection, II. 5716, 683(Z 

, detn., II. GOOc, 083d 

in carbon disulphide, II. 

338c 

warfare, III. 10c 

, oxidation, II. 421d 

, reaction with carbon 

suboxide, II. 352d 

, carvone, II. lOGd 

, removal from town gas, 

II. 319d ; V. 161c 
“ Hydrogen swells,” V. 291a 
Hydrogen welding, atomic, VI. 
3346 

Hydroipecamine, IV. 281a 
“ Hydrolyses,” VI. 218c 
Hydrolysis, VI. 381a, 386c 

— by enzymes (see also Amy- 

lase; Enzymes; Fermenta- 
tion ; Glycosides), VI. 395a 
“ Hydrolysis constant,” VI. 
218c 

Hydrolysis, effects in titra- 
tions, II. 6386 

“ Hydrolysis ” of ammonium 
' acetate, VI. 2486 

chloride, VI. 2176 

Hydrolysis of esters, VI. 211d, 
257c 

, acid and alkaline, VI. 

385d, 388c 

ethyl acetate, catalytic, 

VI. 214a 

glycosides, VI. 394a 

organic halides, VI. 383c 

salts, VI. 3816 

sugars, II. 530d ; VI. 

394a, c 

Hydromagnesite, VI. 398d 
Hydrometer, Beck’s, I. 188c 
— , Clarke’s, I. 1856 
— , Sikes’, I. 187d 
Hydronaliiim, I. 2536, 277c 
HydropMlic coUoids, III. 279d 
Hydrophobic colloids. III. 
279d 


“ Hydropyrin,'' I. 4536 
Hydroquinene, III. 107c 
Hydroquinicine, III. 166c 
Hydroquinidine, III. 128a, 
1156, ]61<Z 
— , chloro-. III. 170c 
— , iodo-. III. 170c 
Hydroquinine, III. 128a, 135a, 
IGOa 

— , chloro-, III. 175a 
— , iodo-. III. 1756 

— synthesis. III. 114a 
Hydro quininone, III. 167a 
Hydro quinone and its ethers, 

VI. 399a, c 

— , detn., potentiometric, II. 
707c 

— dimethyl ether, IV. 6d 
Hydroquinotoxine, III. 166c 
— , synthesis. III. 115a 
“Hydrosulphite cone, special,” 

I. 575cZ 

Hydrosulphite, detn., volu- 
metric, II. 666a 
Hydrosulphites, see also 
Hyposulphites. 

Hydroxamic acids, prepn., II. 
371c 

Hydroxonic acid, VI. 290a 
Hydroxonimn ion, VI. 217c 
” Hydrox poiodcr,” IV. 502c 
Hydroxy-acids (sec also Car- 
boxylic acids ; Hydroxy- 
butyric acids ; Hydroxy- 
stearic acids), VI. 400a 

— - — , alcoholic and phenolic, 

VI. 400a, 401a 
Hydroxylamine, VI. 402a 
— , detection and detn., VI. 
1036 

— , detn., volumetric, II. 663d 
— , nitro-, oxidising agent, II. 
3626 

— , nitroso-i9-. III. 3356 
— , qualitative reactions, II. 
5726 

— sulphonic acids, VI. 102cZ 
Hydroxyl group, detn., II. 624c 

— ion, catalysis by, VI. 253c 
concentration, catalytic 

measmement, VI. 2516 

, nature, VI. 218a 

Hydrozincite, VI. 406a 
Hydurilic acid, VI. 406a 
Hygric acid. III. 226a 
Hygrine, III. 225d 
Hygrometers, wet and dry 
bulb, VI. 2856 

Hyodeoxycholic acid, I. 6896 
Hyoscine, VI. 203d 
Hyoscyamine, VI. 203d 
Hyoscyamus niger, VI. 203c 
Hypaconitine, I. 1226 
Hypaphorine,, I. 686d ; VI. 
464o 

Hypericin, V. 55d 
” Hyperol," VI. 315d 
Hypersthene, IV. 311a ; VI. 
108a • 

“ Hypnal," VI. 4086 
” Hypnogen," VI. 4086 
“ Hypnone," I. 71a ; VI. 4086 
Hypo (see also Thiosulphates), 
I. 4336 

Hypohremous acid, II. 117c 
Hypochlorite, detn., potentio- 
metrieV II. 707c 

— , — , volutnetric, II. 609d, 
6576 \ 

— in cotton Reaching, II. 6a 


Hypochlorites, qualitative re- 
actions, II. 576c 
Hypochlorous acid, addition 
to olefins, II. 152a 
Hypophasic pigments, H. 3981 
Hypophosphites, quahtative 
reactions, II. 573a 
Hypophosphorous acid, detn., 
II. 665c 

Hypophysis, VI. 266d 
Hyposulphite, detn., gravi- 
metric, II. 6036 
Hyposulphites (hydrosul- 
phites) qualitative re- 
actions, II. 5746 
H 3 q)osulphurous (dithionous) 
acid, detn., volrunetric, II. 
666d 

Hypoxanthine, II. 198a ; VI. 

4086 

— , detn., VI. 409d 
— , occurrence, II. lOIa, 3901 
— , sj-nthesis, VI. 108d 
H^oxonitine, I. 122d 
“ Hyraldite," V. 320c 
“ Hyrgol," VI. 409d 
Hyst^arin, I. 212d, 222c, 402c 
— , l:l-dinitro-, I. 392c 
— methyl ether in chay root, 
II. 521c 

— , l-nitro-, I. 392c 
“ Hysterol," VI. 159c 
Hyzone, VI. 321d, 322d 


lanthinite, I. 6616 ; V. 410a 
lanthone, VI. 410a 
Ibogaine, VI. 4106 
Icaco, VI. 410c 
Ice colours (azoic dyes), IV. 

133c, 193a, 2276 
Iceland moss, VI. 410c 

— spar, II. 203c 

, fusion, II. 2206 

Ice-spar, III. 4406 
Ichthammol, VI. 410c 
“ Ichthyol," VI. 410c 
Iconogen (“ eikonogen ”) test 

for potassimn, II. 553d 
Icosane, VI. 410c 
“ Icyl " colours, IV. 231a 
Idaein, VI. 411a' , 

— , relation to cyanidin, lit. 

116a . . 

Ideal gas, and definition, vr. 

412a, 113d 
Ideose, II. 285d 
d-Iditol, II. 296d ^ 

Idocrase, IV. 279d ; VI. 414a 
Idryl, V. 269c 
“ /gZodine,” VI. 4146 
» Igmerald," IV. 2796 ; V. 513a 
Ignition, see also Innamnia- 
bUity ; Inflammable mix- 
ture. 

— by electric sparks, IV. 42^ 

— limits and pressing, tv. 

117d, 122d, 427d ; V. 23/a 

— phenomena, IV. 1176 
point diagram, IV. 12oa 

— temperatures, detn., -*■' • 

119d, 121d . , 

, mfluence of 

420(X _ AOKff 

of combustibles, IV. 425d 

gases, IV. 4206 ; V. 

237d _ 

liquid fuels, IV. 1216 
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Ignotine, II. 392c 
Ilex vomiioria, VI. 4146 
nicyl alcoliol, I. 692d 
Illinium, II. 511c ; VI. 4146 
niipe butter, I. 653o, 653c ; II. 
lOSd 

niipene, I. 6535 
niipe nuts, II. 31^, 32a 
Illipe spp., I. 653o, c, 654a, 6556 
niipe tallow in cacao butter, 
II. 187c 

in chocolate. III. 886 

niuric acid. III. 3386 
nmenite, I. 656d ; II. 3936 ; 

VI. 414d 
nvaite, VI. 4156 
Imides, II. 371a, 375c 
/3 - Iminazolyl - a-aminopro- 
pionic acid, VI. 231c 
Imines,'VI. 4156 
Iminochlorides, reduction, II. 
3746 

Imino-groups, detn., II. 627d 
“ Imogen,” VI. 415d 

— sulphite, VI. 415d 
Imperialine, V. 330a 
Improvers in flour, II. 816 
Incarnatrin, III. 207a ; VI. 

906 

Indaconine, I. 123a 
Indaconitine, I. 122d 
Indamines, I. 573a ; VI. 416c 
Indanones, VI. 305(Z 
Indanthrene, I. 400c, 41 Id, 
414c 

— colours, I. 414-427 
Indanthrones, I. 205c, 206a, 

411d, 414d 
Indazine, I. 577c 
Indene and derivs., VI. 419a, 
421d 

Inderite, VI. 422c 
Indian berry, I. 370a ; III. 
226c 

— buffalo grass, II. 482d 

“ Indian butter tree,” I. 654a 
Indian fire, I. 6636 

— liquorice, I. 4c 
Indican, VI. 906, 434c, 4366 
— , detection, VI. 43 6d 
Indicanin, VI. 4366 
Indican, synthesis, VI. 437a 
— , urinary, VI. 465c 
Indicator exponent, VI. 426c 
Indicators, II. 637d; VI.337(Z, 

425d 

— , adsorption, II. 650a, 058a ; 
'Sn. 431a 

— , external, VI. 425d 
— ,_fluorescent, VI. 4296 

— in volumetric analysis, II. 

637d 

— , neutralisation, VI. 420a 
— , oxidation-reduction, VI. 

429c 

— , radioactiv'e, VI. 4S2a 
— , surface colour changes, VI. 
428c 

Indifulvin, a- and jS-, VI. 4366 
Indifuscin, VI. 4366 
Indigo, IV. 120c 
— Alizarin, G, I. 233a 
— , analysis, "XT:. 439c 

— Carmine, IV. 129c ; VI. 450a 
copper (covellite). III. 341c, 

3556, 413d 

— cultivation, VI. 433c 

— , 4:5-, and 4':5'-diphthaloyl-, 
1.4126 

■ — enzyme, VI. 437c 
VoL. VI.— 37 


Indigo extract, IV. 129c ; VI. 
450a 

— , extraction, VI. 430a 
Indigofera spp., VI. 906 ; VI. 
433c 

Indigo-gluten, VI.' 434d, 439a 
Indigoid dyes, VI. 4516 

, identification, IV. 151d, 

156a ; VI. 456d 
Indigo, leuco-, see Indigo 
White. 

— manufacture, VI. 4346 

j — , natural, VI. 432c, 433a 

— root, wild, I. 619c 
Indigosol, IV. 1366, 1436 ; VI. 

449 

— q, IV. 129c 

Indigo, structure and colour, 
VI. 447a 

— , synthetic, VI. 432c 
— , ■ — manufacture, VI. 444c 
— , 5:7:5';7'-tetrabromo-, VI. 
_452c 

Indigotins, halogenated, VI. 
452c 

Indigotin, synthetic, VI. 442a 
Indigo, use of Cassia lor a with, 

II. 4196 

— Wliite, IV. 135a, 142d, 179d, 

1856 ; VI. 449a 
Indihumin, VI. 4366 
Indimulsin, VI. 437c 
Indiretin, VI. 4366 
Indiruhin, VI. 4366, 438a, 
452a, 4656 
Indium, VI. 4576 

— acetylacetone, VI. 460d 

— alloys, VI. 458a 

— chlorides, VI. 458c 
— , detn., II. 5936, 660a 

— oxides, VI. 459a 

— , qualitative reactions, II. 
5556, 560d, 5686 

— sulphate, VI. 459d 

— trimethyl, VI. 4606 

— triphenyl, VI. 460c* 
Indocarbocyctnines and indo- 

2'-carbocyanines, I. 577d ; 

III. 519c 

Indocyanines, I. 577d ; III. 
519c 

Indole as perfume, VI. 460d 
. — , detection and detn., VI. 
462d 

— from biological material, VI-. 

402c 

tryptophan, VI. 402(? 

— in civet. III. 1946 
■ — , prepn., VI. 462(i 

Indoles, VI. 461a 
Indolignones, VI. 4566 
fi-Indolyl-3-acetic acid, VI. 
464a 

Indophenol, Carbazole, VI. 
41Sc 

Indophenols, VI. 416c 

— as indicators, VI. 417c 
— , properties, VI. 4176 
Indothia-, indoxa-. oxaoxa- 

zolo-, oxathia- and oxathia- 
zolo-cyanines. III. 522cZ 
Indotricarbocyanines, III. 
.5276 

Indoxyl and I. compounds, VI. 
464c 

Indoxylsulpburic acid, \I. 
405c 

Induction period, IV. 418d 
I in heterogeneous re- 

actions, VI. 2236 


Inductive effect, VI. 465d i 
Inductor, I. 12c 
Indulines, I. 5796 ; VI. 4676 
Indrrrite, IV. 4056 
Inflammability of gaseous ■ 
niixtiu'es and dust (sec also . 
Ignition), VI. 427d 
Inflammable mixture, defini- 
tion, IV. 427a 
Infusorial earth. III. 579a 
Ingrain' dyes, IV. 192d, 2256 
Inhibitors, gum, VI. 469c 
— , oxidation, VI. 468d 
— , pickling. III. 77a 
Ink, VI. 4§5a 

— , Chinese, II. 3126 ; III. 326 
VI. 423c 

— , copying, VI, 486d 

— for records, VI. 487a, d 
— , hektograph, VI. 4906 
— , indelible, VI. 490a 

— , Indian, III. 326 ; VI. 423c 
— , lithographic, VI. 490c 
— , mariang, VI. 493a 

— powders, aniline, VI. 489c 
— , printing, VI. 490d 

— , — , arsenic in, VI. 492d 
— , — , examination, VI. 492d 
— , rotogravure, VI. 4926 
— , secret. III. 2216 ; VI. 4894 
— , writing, examination, VI. 
4886 

Inosinase, IV. 315a 
Inosine in camine, II. 3904 i 
Inosinic acid, VI. 90c 
Inosite, see Inositol, 

Inositol {see also Auxin), VI. 
1384, 494a 

— , detection and detn., VI. 
4954 

— in celery, II. 4416 
yeast, II. 08c 

— , mono- and di-methyl ether, 
II. 32c ; III. 546a 
mesolnositol, \nL. 1384, 495o 
Insecticide, calcium arsenate, 
II. 2204 

— , carbon tetrachloride - {see- 
also Ifmnigation), II.- 350a 
— , catechol. II. 4326 

— emulsion-s, IV. 301c 

— , trichloroethylene, I. 1034 
Insolubles, treatment, in anal- 
ysis, II. 550a, 5586 
— , pseudo-, treatment in 
analysis, II. 550a 
Insularine, VI. 496c 
Insulin, VI. 4964 
— , administration, VI. 5014 — 
— , enzyme action on, VI. 
500c 

— , molecular weight, VI. 5004 ' 
— , physiological action, VI. 

60'04 . . 

— , reactions, VI. 4906 
— , standardisation, VI. 5026 
— , zinc in, VI. 500a 
Interatomic distances, VI. 

502c . • 

Interfacial 'angles, V. 204a ; 
VI. 5064 

Intermicellar liquid. III. 284a 
Inukaya (inugaya) oil, VI. 5106 
Inulase, IV. 3146 
Inulin, II. 2826, 280e, 303a 
Inulo-coagulase, III. 31a 
“ Invar,” VI. 510c 
Inversion of cane sugar, acid 
catalysis, II. - 5304 ; VI.- 
2414 . - 
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Invertase (see also Enzymes ; 
Fermentation), II. 766, 
299(2 ; VI. 395fl, 510c 
— , activity detn., VI. 511c 

— from moulds, VI. 511c 
lodazide, I. 5816 

lodate, detn., gravimetric, II. 
6106 

lodates, qualitative reactions, 
II. 5776 

lodembolite, II. 481c 
Iodide, detn., potentiometric, 
II. 707c 

Iodides, qualitative reactions, 
11. 5776 

Iodine, see also Halides ; Halo- 
gens. 

— as chlorine carrier, II. 3536 

— bromide, II. 117a 

— , compotuid with casein, II. 
414c 

— , detn,, gravimetric, II. 600(2 
— , ■ — in hvdrogenation analysis, 
VI, 3026 

— , — , pof entiomelric, II. 707c 
— , — , volumetric, II. 057c 
■ — pentoxide in respirators. III. 
21a 

reagent for c^irbon mon- 
oxide, II. 351c 

— , qualitative reactions, II. 
5776 

" Iodised ” salt, I. 500c2 
Iodoform as disinfectant, IV. 
22(2 

lodyrite, II. 481c, 510(2 
lonamines, I. 8dd 
Ionic mobilities, definition, VI. 
23Sa 

— strength, definition, VI. 24Ga 
pseudolonone, a- and B-, III, 

184d 

Ions, hydration, VI. 295c 
— , solv-ated, VI. 295c, 297(2 
Ipecacuanha, IV. 280(2 

— alkaloids, see Cephaeline ; 

Emetine. 

— , cephaeline and emetine 

from {see also Emetine), 
II. 480(2 

Ipecaroine, IV. 281a 
Ipomcea spp., I. 655(2 ; VI. 966 
“ Ipral,” I, 623a 
Ipuranol, VI. 966 
'^IrganaphthoU" IV. 231a 
Iridin, V, 259(2 ; VI. 90c 
Iridiuin, detn., I. 5266 ; II. 
614(2 

■ — , — , micro-method, II. 633c 
— , qualitative reactions, II. 

554(2, 5.56(2, 579a 
Iridosmine, I. 549d 
Ix^enin, V. 259(2 
Irish moss, Irish pearl moss, I. 
• 1996 ; II, 403c 

— salt firkin butter, II. 161a 
Irisin, II. 3036 

Iris spp., VI. 90c, 96(2 
Iron acetate, mordant, II. 53(2, 
55d 

— and manganese, analytical 

separation, VI. 2996 
steel assay, I. 526(2 

— as chlorine carrier, II. 3536 
beidellite, I. 6636 

— boride, II. 446 

— carbide, II. 280c, 480c 

— carbonate-, II. 519c 

— carbonyl, II. 357a 
hydride, II. 358a 


Iron carbonyl in gases and 
sjmthetic methanol, II. 
3576 

town gas, II. 3516 

— catalysts in prepn. of higher 

alcohols, II. 3506 

— -chromium alloy. III. 1056 

— cyanides, complex, constiiu- 

tion. III. 471(2, 473(2, 477c 
— , detn,, colorimetric, II. 07ic 
— , — , electrodeposition method, 
II. 7016 

— , — , gravimetric, II. 6116 
— , — in clay. III. 202a 
— , — , potentiometric, II. 707c 

— earth, blue-, II. 256 

— , electrodeposition, IV. 267a 
glance, VI. 100(2 

— in peroxidase, II. 422c 
plants, I. 506d ; II. 183a, 

441(2, 4S7a, 4966 

— liquid, I. 55a 

— -ore, kidney, VI. 160(2 
, micaceous, VI. 160(2 

— oxide, catalyst, action on 

water gas, II. 319a, 425a 
, catalyst in ammonia pro- 
duction, II. 424a 
, nitric acid manu- 
facture, II. 424c 

in lacquers, 11. 4736 

— , passive. III. 377a 
— • phosphide, II. 225(2 
— , qualitative reactions, II. 
552a, 577(2 

— , , rare metals present, 

II. 555a, 556(2 

— salts as disinfectants, IV. 246 
, detn., volumetric, II. 

6006 

— , specular, or specularite, "VH. 
100(2 

— spinel, I. 204c 
Irritants in warfare. III. 7c 
Irvingia butter, IV. 4a 

" Isarit," -IV. 248c 
Isatan, isatase, VI. 436(2 
Isatin, VI. 4636 
— , colour reaction uith thio- 
phen, VI. 463c 
Isatis iindoria, VI. 906 
Isinglass, V. 51 Oa 
— , Bengal, I. 162(2 
— , East Indian, II. 102a 

— finings in beer, II. 102a 
— , Japanese, I. 162(2 

“ IsQcaine'’ I. 3G9a 
“ IsocoW' m. 5156 
Isodisperse sols. III. 289a 
Isoelectric point. III. 2856 , 
cis-2rans-Isomerisation cata- 
Ivsed by boron trifluoricle, 
VI. 260a 

Isoprene, carcinogenic com- 
pounds from, II. 378c 

— from acetylene, I. 85a 

— in synthesis of 2-methyl- 

anthraquinone, I. 2086 ' 

— , polymerides, II. 153c 
— , prepn., I. 89(2 ; II. 154c 
Isotetrandine, II. 481a 
Isotopes, see also individual 
elements. 

— , table, I. 539a 
Isotopic equilibria and separa- 
tions, VI. 220a 

— exchange, VI. 2576 
“ Istizin ” I. 2226 
Itaconic acid. III. 185d 
from fermentation, V. 50(2 


“ Jlrol antiseptic, lAh 26a 
Ivory, vegetable. III. 366c 
Iztactzapotl, II. 417(2 


J 

Jaborandi, VI. 99c 
Jacarandin, VI. 1306, c 
Jacinth, VI. 288d 
Jack fruit, I. 497(2 
Jacqpi^d loom, V. 157a 
Jacejue test, IV. 534c 
Jacupiran^te, I. 5856 
Jaffe test for creatinine, III. 
418a 

Jaggery, III, 548d 
Jalapin, VI. 90c 
Jalap resin, III. 326c 
Jamesonite, I, 439(2 
Janus coloms, IV. 2186, 226c 
Japaconitine, I. 1226 
Japonic acid, II. 4386 
Jargonelle pear essence, I. 
301c 

Jasmine perfumes, synthetic. 
II. 422a 

Jateorrhiz^e, II. 2356 
Jairopha cxircas, IH, 460c 
Jatrorrhizine, II. 2356 
Jaune Brillant, II. 194a 
Javanine, III. 1286, 168c 
Javelle water. III. 40(2 
Jawar, II. 482c 
Jecoleic acid. III. 2476 
Jellygraph, VI. 26a 
Jequmity, I, 4c 
Jeremejefiite, I. 264d 
Jersey-stone, III. 32d 
Jervine, pseudoJewme, VT. 
200c 

Jerwitz extractor, IV. 582(2 
Jesdeonitine, I, 123a 
Jesterin, II. 120c 
Jesuit’s nut. III. 26d! 

Jigs, IV. 1306 
Jorgensen’s method, V. 76a 
Juglone, VI. 1716 
Jimiper tar oil, II. 188c 
Juniperus spp., II. 30(2 ; IH. 
6016 

Jute, II. 4016 ; V. 1636 
— , Bimlipatam, V. 164c 
— , Cliina, V. 164c _ 

— hemicellulose and lignin, v . 
1646 


K 


Ksempferide, III. ' 556c ; V. 

Kaempferin, III. 556c ; VI. 
Blaempferitrin, III. 556c ; \ 
90(2, 4396 

Kaempferol, III. 556a ; ' i- 

90(2, 4396 

— rhamnoside. III. 556c 
KafHr corn, II, 482c 
Kafi^in in millet, II- 4846 
“ Kahweol,” IH. 257(2 ' 
Kaijo, V. 94a .p 

Kainit, kainite, H. 1096 V. 
746 


'.ajoo, I. 365(2 
iakociyl, I. 480a 
ialanite, 1. 703(2 
:ale, II. 1826 ; IH. 432(2 
;aJiborate, II. 356 
alinite. I. 264c ; IV. 591d 
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Kalioalunite, I. 20Srt 
Kalkstickstoff, V. 6od 
“ Kalmopyrin,” I. 370a- 
Kanswe (Kansive) Oil, I. C55a. 
Kanya butter, II. lOSo! 

Kaolin (see also Clay), III. 195(i 
Kaolinite, I. 2C4(Z ; III. 19Ga 
Kapok, kapok oil, V. 168c ; III. 
411, foot-note 

Karasu-uri seed oil, IV. 86d 
Karitd butter, I. 0546 
“ Karitene,” I. 653d 
Karystian stone, I. 5006 
Karystiolite, I. 5006 
Kast brisance test, IV. 549c 
Katanols, IV. 132a 
Katathermometer, VI. 2886 
Katk, II. 433c 
Katharometer, VI. 2806 
Katio oil, I. 655a 
Katsuobushi, V. 59c 
Kavatel oil, II. 522d 
Kayene, a- and )3-, I. lOOd 
K.G.U. or kilograna-centigrade 
unit, V. 331c 

Keeving in cider. III. 125c 
Kokin, kukui or kekuna oil, II. 
262c 

“ Kelene” IV. 359a 
Keller-i^iani reaction, II. 
383d 

Kellner electrolytic cell, III. 
55d 

Solvay electrolytic cell. III. 

666 

Kelp, I. 199a 

Kelvin temperature scale, VI. 
4126 

Kemps in wool, V. 08a 
Kentallenite, V. 4096 
Kephalin, brain, and tlirom- 
bokinase, II. 23d 
— , colamine from. III. 94a 
Kephalins from brain and 
soya bean, II. 54a ; VI. 70a 
Keracyanin, I. 449a ; III. 
26c ; VI. 90d 

“ Keramyl ” disinfectant, IV. 
23a 

Kerasin, IP. 600c ; VI. 90d 
Keratin, II. 12c 
— , a- and p-, V. 1026 
“ Keratin ” in plasters, II. 131c 
Keratins, IV. 123a ; VI. 216 
“ Kermes by the dry way,” I. 
446d 

Kermesite, I. 439d, 440d 
Kermes, kermesic acid. III. 
2296 

— mineral, I. 446c . 

Kerner test for cinchonidine, 

III. 133d 

Kernite, II. 40a, 49a 
Kdsu, II. r57d 
Kesuda, II. 167d 
Keten acetals, I. 30d 

— from acetaldehyde, I. 26a 
p-Ketobornyl chloride, II. 2526 
Ketocampbor, II. 240c 
fi-Ketoesters, alkylation, II. 

307d 

Ketols, I. 30c 
Ketones, II. 373c 
— , compounds with sugars, II. 
290a 

■ — from carbon monoxide, II. 
3506 

— , balogonation, VI. 2576 
— , oxidation, II. 3026 
— , prototropy, VI. 250c 


Ketopinic acid, II. 33c 
Ketoses from aldoses, II. 203d 
Keweenawite, IV. 55c 
Khakan fat. III. 2446 
Khaki, Indantlircne, 2G, I. 
4226 

— shades, IV. 127c 

“ Kharsivan," I. 4916 
“ Kharsulphan," I. 402a 
Kier boil in cotton bleaching, 
II. 3d, 6d ; V. 184a 
Kiers, II. 66 

Kieselguhr, III. 579a ; IV. 2306 
Kieserite, IV. 3216 
Killas, VI. 120c 
Kilns, Hofman, zig-zag, II. 
124c 

Kimberlite, III. 576d 
•' Kineurine," III. 174a 
King extractor, IV. 582c 
Kino, Bengal, II. 167d 
Kirschner value of butter, II. 
160a 

Kirsebwasser, III. 25a 
Kish, II. 315a 
Kitul, V. 1686 

Kjeldabl - Gunning nitrogen 
detn., II. 836 

Kjeldabl nitrogen detn., II. 
6196 ; IV. 602a 

, micro - method, II. 

631c 

Kliacbite, I. 656d 
“ Klimaktone," IV. 52c 
Knight packet sampler, I. 610a 
Knocbenol, II. 29d 
Knock in petrol-air engines, IV. 

442c, 444a, 440a 
Knorr extractor, IV. 577a 
Kochelite, II. 612c 
Kochite, I. 264d 
Kodaebrome, Kodacolor pro- 
cesses, II. 440d, 453a 
Konigswasser, I. 4536 
“ Kogasin ” i. and ii., V. 378c 
Koh-i-noor, III. 578a 
Kohl, VI. 170d 

— -rabl II. 1826 
Koji, V. 696 

Kojic acid from Aspergilhes 
oryzoB, V. 61d 
Kokaro, II. 2046 
Kokusagine, III. 602d 
Kola nuts, theobromine in, II. 
107c 

Kolatein, II. 438d 
Kolbe reaction, II. 3046 
“ Kolchugalumin," I. 2536 
Koller grate, V. 3716 
Konjak powder, glucomannan 
in, II. 302d 

“ Koroseal ” plastic, I. Old 
Koumine, kouminicine, kotimi- 
nidine and koiuninine, V. 
611a 

Kounidine, V. 5116 
Kousso, III. 463c 
Kou-wen, V. 6116 
Krabao oil, II. 521 d 
Kraft paper, II. 402a 
Kraut reagent, I. 235c 
Krebs electrolytic cell. III. 546 
Kreis test for almond oil, I. 
200c 

rancidity, II. 1686 

“ Kronelyne ” (T.P.P.), I. 203d 
Kryptocyanine, III. 517c 
Krypton, detn., spectroscopic, 
II. 002a 

Kryptopyrrole, III. 836 
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Kryptoxantbin, II. 2726, 390c 
III. 184d 

“ KrystaUin,” I. 372c 
K.S. Seewasser (K.S.S.) alloy, 
I. 251c, 2756, 277c 
Kulcoline, IV. 62d 
Kimstlab, IV. 815o 
Kupferblende, IV. 590d 
Kupfernickel, I. 400a 
Kupferpeeberz, III. 1196 
Kupfer-smaragd, IV. Id 
Kupramite, in respiral, oi's. III. 
20c 

Ktn'chenine, III. 323c 
Kurchi-bark, alkaloids. III. 
321d, 324a 

Kurchicine, kurchine. III. 323c 
Kvuromame, III. 110a 
Kusu oil, IV. 46 
Kutch, I. 11c 
Kyanite, 1. 204 d, 3706 
“Kyanol,” I. 372c 
Kynoch smokeless powder, IV. 
5106 


L 

Labradorite, I. 052d ; V. 3a 
Laccase, IV. 3156 
Lachrymators in warfare. III. 
7c 

Lacquers, see also Acaroid 
resins; Cellulose lacquers ; 
Dammar I’esin. 

— , cellulose, II. 467d 
— , cold, II. 40 Oc 
— , greening, II. 4736 
— , nitrocellulose, II. 4046 
Lactacidogen, V. 24 c ; VI. 75a 
Lactalbumin, II. 412c 
Lactase, II. 2006 ; IV. 282d 
Lactic acid fermenlation, V. 
60d 

formation in muscle ex- 
tract, V. 34c 

in brain, VI. 796 

food, detection and 

detn., V. 300a 

muscle extract, V. 31c, 

34d ; VI. 74d, 75c 

— bacteria in brewing, II. 87a 

butter, II. 100a 

Lactobacillus acidopMhis, I. 43d 
Lactoflavin, I. 109c ; II. 2876 ; 

VI. 91a 

Lactose, II. 2826, 2086, 290a 
neoLactose, II. 2996 
Lactulose, II. 2996 
Laderellite, 11. 356, 486 
Lsevoglucosan, II. 2956 
Laavulic acid and dorivs. (see 
also Loavulinic acid), I. 71d 
Lmvulinic or lajvulic acid, II. 
288c , 

Lsevulose, see also Priictose. 

— in cabbage, cereals, II. 183a, 

4S7a 

Lake, definition, PV''. 1286 

— dyes, III. 335c, 330a; IV. 

234 c 

Lakes in plastics, II. 4706 
Lallemantia oil, IV. 80c 
Lama Inianaco, I. 202d 
Laminarin, I. 109c 
Lampblack, II, 312a ; VI. 
423c 

Langmuii’’s equation, VI. 373a 

— isotherm, II, 510a; VI. 

208c, 200d, 217a 
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sso 

“ Lanital” II. 416a ; IT. 125c ; 
T. 1I3<Z 

Lanolin, III. 92c 
Lanosterol, III. Q2d 
Lantliannm in cerite, 11. oOTa, 
511c 

— nitrate in asli detns., II. 83a 
Lantitocerite, IL 507a 

liSp, T. 1456 

“ Lapis,” German and Swiss, 
T. 514c 

Lapis-lazuli, I. 291c ; T. 514c 
Lappaconitine, L 123c 
Lard oil, TI. 135a 

— snljstitntes, IT. 2536 

“ Largin ” antiseptic, IT. 26a 
Larkspur, alkaloids, IIL 556c 
Larocaine, I. 369a 
Lasne method, T. 79a 
Lassaigne’s test for nitrogen. 
II. 615a 

Laterisation. of granitic rocks, 
m. 194d 
Lateiite, I. G56c 
— , building stone, II. 138a 
Latez, uses, for textiles, T- 19 id 
Latifolia fat, I. 653a 
Laughing gas, I. 367a 
Laurasin, III, 26a 
Laurent acid, IT. 206d 
Laurin in Cay Cay fat, II, 439c 
Laurite, in.".327c 
Lawocerasi folia (B.P.), IH. 
26a 

rsoLaimolene, II. 248d 
Laurolenic acid, laoronolic 
acid, II. 249a 

•^/-Lauronolic acid, II. 249a 
isoLauronolic acid, II, 2486 
Laurvikite, T. 409a 
" Lautal” t. 2536, 277a 
Lautarite, III. 604a 
“ Lawsone,” TL 1716. 204d 
Lawsonia alba, I. 236d ,* TI. 
204c 

Lazulite, I. 5S3d 
Lazxnrite, I. 2644, 583d 
LeacIimg„IT. .562d 
Lead acetylide. II. 281c 

— as trace element, I. 5076 

— block test, IT. 547d 

— burning, oxv-acetrlene, I. 

116c 

— carbonate, II. 516d 

— chromate. III. 96d, 11 Id 
, mineral. III. 430a 

— cyanate. III. 507c 
— , detn,, assay, I. 5276 

— , — bv electrodeposition, II. 

7016; IT. 2G8d 
— , — , colorimetric, IL 671d 
— , — , gravimetric, U. 5966 
— , — in food, II. 2S2c; T. 292c 

— , water supplies, II- 292c 

— , — , potentiometric, II- 707d 
— , — , volumetric, II. 6616 
— , drop reaction, II. 5S0c 

— nitrate explosives. IT. 464c 

— oxychloride, II, 4186 

— j^ol-oning in ceramic in- 

dustries, TL 6 c 

— , qualitative reactions, II. 
551a, 571c 

— . , rare metals present. 

II. 5546, 550d 

— , red, and litharge for glass- 
m^ing, T. 5616 

— stearate in candles, II. 264d 
— , sugar of, I. 556 

— sulphantimonite, II. 53d 


j Lead tetraisohutyl, II- 173c 
I — tetraethyl, ITI 417d 

' detn.. IL 684a 

; tin alloys, electrodeposition. 

IT. 270c 

i Leaf beet, II. 520c 
! Leather, artificial, T. 195c 
I — casein in finishing, II. 4146 
I — cloths, T. 1956 

— d^easing by tricbloro- 

etbylene, I. 103c - 

— finishing, castor oil in, II. 

422a 

Leaven, II, 796 
; Lebedev extract, T. 14a 
Leblanc process. III. 69d 
Lebleliji, III. 296 
Le Cbatelier-jBraun equili- 
brinm, II. 5344. 53Sa ; TI. 
2296 

Lecitbide in rice, II. 499a 
Lecithin, 'SX 70a 
Lecithinase, IT. 3146 
Lecithin in foods, IL 186a. 
499a; HI. 87c 

Ledger (cinchona) bark, III. 
1286 

Ledourdte, IT. 55c 
Iregal reaction, of cardiac gly- 
cosides, II. 3834 
Legumes, III. 432c 
Lemon Chrome, III. 1126 
I — grass oil, citral in, HI. 183d 

— juice, HI. 1864 
Lena JBatu, IH. IQla 

; Lepargylic acid, I. 561c 
Lepidine, HI. 1596 
Lepidocrocite, H. 254 ; TI. 
i 1016 

: Lepidolite, H. 195c 
' Lettocine, HI. 3234 
Leucaurara ine, I. 548c 
Leucine, carbamic acid from, 
H. 2786 

4-isoLeucine, Wencine, I. 317c 
Leucite, I. 2644, 652a 

nepheline-tephrite, I. 4c 

Leucoalizarin, I. 2194 
Leucoaposafranine, I. 5744 
Leucocytes, of blood, H. 194 
Leuco-indigoid dyes, 'VX 4514 
Leucopynte, I, 46*9a 
Leucoquinizarin, I. 2216 
Leucosin, H. 505a 
“ Leunaphos” I. 3.534 
“ Leunasalpeter,” I. 3524 
Levan, H. 3036 
Libethenite, IH. 359a 
Lichenase, H. 874 
Licbenin. acetolysis, H. 4424 
Lfchtenberg's alloy, I. 6984 
Lichtene cker ’s formula ,T. 5466 
Licbtnussbaum, H. 2G2c 
Liesegang’s rings, HI. 293c 
Lievrite, \X 4156 
Xogninsulphonate. calcium, II. 
4614 

Lignites, T, 338c 
Lo^ocellulose. H. 4G7a 
Lignoceric acid, I. 450a ; 11. 
3906 

; Lilium ligrinum, I. 3816 
i Lily of the vaUev, glvcosides, 
IL .367a : HI. SfOc 
Lima wood, H. GSa 
Lime and limestone for glass- 
making, T. 5606 
— , basic carbonates from, H. 
221 c 

— , Bine Lias, H. 1334, 2104 


lame boil,-!!. ,54 ; T. 1834 
— Cbaux de Teil, II, 2106 

— deficiency in grass land, TI, 

1324 

— , free, detn., H. 65 ic 

— (fruit) juice, IH. 1S64 
— ground- H. 1356 

— in building materials, 11, 

133a 

casein paints, IL 415c 

— milk of, IL 212a 

— production and uses, IL 2066 
— , reaction with carbon mon- 
oxide and steam, H. 3196 

lames, “ fat ” and “ poor,” IT. 
2104 


— 7 , grey, IL 133c 
Iame,-slakinz, for building, II. 
1346 

L im es, magnesian, II- 135c; 
IT. 54a 

Lim estone as building stone, 
H. 137c 

— for glassmaking. T. 5G0c 
Limonene, antoxidation, II. 

4044 

— , degradation to isoprene, II. 
laid 

— , nitroso-, H. 407a 
lamonite, IL 2Ga 
lanalol, see Linalool. 

Linalool in coriander oil, III. 
3644 

— in essential oils, I. 68ia ; IL 

249c, 2616; III. 1836, c, 
3644 


— , prepn-, T. 5174 
Linamarin, TL 91a 
lanarin, TI. 916 
Linen, bleaching, IL Ho 
Linnmite, HI. 2146, 222c 
lanoleates in boiled oD, II. 256 
Linoleic acid, I- 199c - 

— — glvcerides (see ako Drying 

oils), H. 163a, 203a, 4216, 
4946 ; TI- G84 • 

Linolenic acid glycerides, see 
Drying oils. 

, occurrence, II. 2376,2G3a 

lanolic acid, see Linoleic acid. 
Linoplastic, H. 4754 _ 
Linotype metal, I. 445c 
Linozyn, H. 25a 
Linseed cattle-cake, I. 45oa; 
IT. .594c 

— oil, bleached, IT. SSa 

“ break,” IT. &7c 

, reGning, IT, 87c 

, stand oil, IT. 88c 

, substitutes, ITT 814, 8/6 

, sulphurised, 90c 

, theory of drying j/rocess, 

IT. 926 . 

Linters, HI. 409c ; H . oOOo , 
T. 116c, 1354 
Liparite, IH. 324 
Lipase in castor oil seeds, 1—^ 
4206 


malting, II. S9a 

rice, II. 4954 

Lipases, IT. 3136 ; TI. 

3964 _ . 

Iiipocbrome : lipoid ratio, D* 
394a „ 

Ldpc chromes, II. 3974 
Lipovritz’s ahoy, I. GDSc 
Licruation, 2T. 2764 
Xi^eurs, HI. 3616 
“ luquid. carbolic acid, ■*■ 1 *' 
4266 
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Liquiritin, VI. 01& 

Liquor crcsolis saponalus, IV. 
2Qb 

, — plumhi subacelalis, I. 55c 
“ Lissolamine," IV. 145cZ 
Lister’s salt, TV. 25d 
“ Lithiopyrin,” 1. 45.S& 
Lithium carbonyl, II. 357c 
— , detn., gravimetric, II. 583c 

— in ferganite, II. 3935 

— occurrence in plants, I. 507c 
— , qu.alitative reactions, II. 

547c, 550c, 503d, 505d 
Lithocholic acid, I. 0806 
Litho oils, IV. 88c ; VI. 491a 
Lithopone, I. 0406! 

— in moulding powders, II. 

4796 

Lithothamnium, coral from, III. 
3006 

Litmus, II. 0406 
Little’s “ soluble phenyle,” IV. 
29(Z 

Liver esterase, inhibition, II. 
200c 

— extract, VI. 204d 

oil, Suketodara, III. 244c 

Livetin, IV. 255d 
Llicteria, V. 328c 
“ Locron” V. 220a 
Lollingite, I. 400a 
”Lo-Ex” (“ Loox ”J alloy, I. 

ocq/, 9,77.. 

Logwood, II. 2376 ; IV. 120a 
Lohmann’s esters, V. 24d 
Loiponic acid. III. 141c, 100a 
Longifolia fat, I. 0536, foot- 
note 

Lonicera spp., VI. 205c 
Loonzein, II. 4906 
Lophine, VI. 99a 
— , luminescent oxidation, III. 
24a 

" Lopion," VI. 1196 
Loranskite, II. 512c 
“ Lords and Ladies,” I. 497d 
Lorentz .and Lorenz formula, 
V. 5406 

“ Lorol," IV. 2806 
Lotiirine, VI. 188o 
Lotus arabicus, VI. 016 
Lotusin, VI. 916 
Lowe’s test, of phenol, II. 
304c, 3086 

Low-temperature carbonisa- 
tion, V. 304 d, 450a 
” Low wines,” V. 532d 
L.O.X., IV. 540a 
Luhanol, I. 015d 
Lubricants, carcinogenic, II. 
3786 

— , castor oil in, II. 420c 
— , refining, II. 308d 
Lubrication, boundary, VI. 
509a 

Lucerne, I. .199a 

— meal, IV. 5906 
Luciculine, I. 124a 
Lucidusculine, I. 123d 
Luciferase, luciferin. III. 24a 
Lukrabo oil, II. .521d 
Lulu-butter, I. 0546 
Lumbang, candle-nut oil, I. 

198c ; II. 2626 ; IV. 83d 
Lumbricus, hremoglobin, VI. 
105c 

Linnen, definition, V. 171d, 
foot-note 

Lruniflavin, relation to vitamin 
B,, II. 2876 


“ Luminal," I. 023a 
Lumisterol, II. 202a ; IV. 
320d 

Lupeol, I. 663d 
Lupinus spp., I. 4596 ; VI. 896 
Lupulon, II. 92a 
Lupus viclnllorum, I. 4406 
Lusitanicoside, VI. 91c 
Lussatite, II. 5176 
Lutecia, II. 4806 
Lutecite, II. 5176 
Lutecium metals, II. 511c 
Luteic acid, V. 68a ; VI. 91c 
Lutein, I. 201a ; II. 2726, 
308a ; III. ISdd 
Luteoleersin, V. 50d 
Luteolin, IV. 189a 
Luteolinidin, V. 253a 
Luteose, V. 58a 
Lutidine from acetylene, I. 
84c 

Luxullianite, VI. 1276 
Luzonite, IV. 308a 
Lycaconitine, I. 123d 
Lycine, I. 080a 
Lycopenal, II. 3996 
Lycopene, II. 398a 
Lycoperdin, lycoperdon, VI. 
91c 

Lycophyll, II. 399d 
Lycoxanthin, II. 399c 
Lyddite, II. 308d ; IV. 47Cd 
Lydian-stone, 1. 46 
Lymn washer, V. 405 
Lymph, physiology, II. 21a 
Lynite, I. 277c 
Lyophilic colloids, III. 279d 
Lyophobic colloids. III. 270d 
Lyotropic series. III. 280d 
Lysergic acid, IV. 328a 
Lysine in cabbage, II. ]82d 
"LysoV’lll. 42-7d; IV. 296, 
33d 

Lysolecithin, II. 400a 
Lysozyme, IV. 2556 
” Lytophan," VI. 2206 


M 

" Macante," IV. 4C4c, 405d 
Machilol, IV. 393a 
Machilus husanoi, machilol 
from, IV. 393a 

Maclagen’s test for cocaine, 

III. 2246 

Macoubeine, III. 400c 
Madara oils. III. 240c 
Madder, I. 2036 ; IV. 120c 
— , Indian, II. 623c 
Madliuca spp., I. 0.53o, c, 054a 
Magenta, Acid, I. 1 20a 
” Magnalium," I. 2536, 277c 
Magnesia, caustic, II. 1306 
— , dead-burnt, II. 1306 
— for glassinaking, V. .5C0c 
— ^ in calcium c.arbidc manu- 
facture, II. 217a 
Magnesian limestone, II. 135c ; 

IV. 54 a 

Magnesite, decomposition, IT. 
324c 

Mamesium acolate in flour 
analysis, II. 83a 
— , action on prothrombin, II. 
23c 

— alloys, I, 2556 

— and’ iis alloys, protection, 

III. 393a 

. — (IS tt'i'ce element, I. 507c 
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Magnesium boride, II. 41a, 
446 

— carbide, II. 2816 

— chloride in carnallite, II. 

890a 

— chloroborate, II. 306, 48d 

— compounds in building 

materials, 11. 1286, 133a 

— cyanide. III. 4026 

— , detn., colorimetric, IT. 071d 
— , — , gravimetric, II. 588a 
— , — in clay. III. 2036 
— , — , spectroscopic, IT. 092a 
— , — , volumetric, II. OOld 
— , drop reaction, II. 580d 

— hydrosilicatc, adsorbent, TV. 

2486 

— hydroxide, mineral, II. 1196 

— ions, catalytic effect in muscle 

extract, VI. 77d 

— oxide, action on waier gas, 

IT. 3496 

— oxychloride cement, II. 135c 
— , qualitative reactions, JI. 

5.54a, 507a 

— , , rare metals present, 

II. 550c, 503a 

— uranyl acetate, II. 5846 
Magneson test for Mg, II. 

550c 

Magnetite, II. 3936 
“ Masnuminium," I. 255d 
Maguey fibre, V. 107d 
Maha pongiri grass, citronclla 
oil from, III. 191a 
Mahua butter, I. 053a 
Ma Huang, IV. 310c 
Maitranlc, III, 41 2d 
Maiuri dry ice process, II. 3276 
Maiwein, III. 412d 
Maize, II. 481d 
— , detn, in wheat, II. 482a 

— oil, II. 482c 

— starch, fermentation, 11. 471 d 
Maja sqninado, astacin from, I. 

632c 

Malachite, HI. 20c, 841c, 355d 
Maladie do la tourne, 111. 127a 
Malates, qualitative reactiojis, 
IT, 570a 

Male fern, V. 180d 
Maleic acid, V. 387a 

— anhydride, addition to dienes, 

II. 1.52d 

, prepn., II. 428a 

, reactions, V. 3886 

Maleyl chloride, V. 3876 
Malic acid from mould fermen- 
tation, V, 50c 

, prepn., II. 428a 

Malinowskito, IV. 590d 
Malladrite, V. 006 
Maloloic acid, I, 4516 
Malonhydroxamic acid, II. 
352d 

Malonic acid formation, II. 
352d 

— amide, JI. 352d 

— anhydride, sco Carbon sub- 

oxide. 

Malonyl chloride, II. 352d 
Malonylm-ea, I. 020c 
Malt, see Amylase ; Barley ; 
Brewing. 

— extract {sea also AmvInse), I. 

04.56 

Maltase, action on m.altose, II. 
200a 

. — in dough, JI, 706 
JVIalting^, II, 876 
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Mercury fulminate, physio- 
logical effects. IV. 541c 

■ , tests, IV. 541c 

— , qualitative reactions, II. 
551a, 5Qld 

— , , rare metals present, 

II. 554(1, 556(1 

— salts, reaction with iron car- 

bonyl, II. 3586 

— sulphide. III. 179c 
Meriodin, I. 380(1 
Merocjuinene, III. 1406, 159c 
Merrill - Crowe process, VI. 

106c 

Mesabite, VI. 1016 
Mesacouitine, I. 121c, 122c, d 
Mesidine, I. 5736 ; III. 46Sa 
TVlesitylene, I. 66(1, 466(1 ; III. 
457c 

Mesityl oxide, I. 66(1 
Mesobilirubin, mesobili- 
rubinogen, I. 691a, d 
Mesocystine, III. 5426 
Mesomeric effect, VI. 4666 
Mesomerism, VI. 251a, 257a, 
466a 

Mesoporpbyrin, III. 83a ; VI. 
1626 

— . synthesis, II. 20 q! 

“ Mesotan," IV. 3336 
Mesoxalylcarbamide, I. 243(1 
Metaboric acid, II. 47d 

formation, II. 47a 

Metabutaldebyde, II. 157a 
Metachloral, III. 356 
Metacinnabarite, III. 180a 
Metacristobalite, III. 428c 
“ Mela ” fuel, I. 266 
Metafulminuric acid, V. 385(1 
Metabewettite, VI. 224d 
Metal argentum, I. 445(1 

— chlorides, reduction, II. 360c 

— cleaning by trichloroethy- 

lene, 102c 

Metaldebyde, I. 216, 26a 
Metal-hydrogen alloys, VI. 
319c 

Metals, detn.; see also Assaying. 

- — , — , colorimetric, II. 6696 
— , — , electrodeposition, II. 
695c 

— , — , gravimetric, II. 583c 
— , — , potentiometric, II. 702(1 
— , — , spectroscopic, II. 6906 
— , — , volumetric, II. 6506 
— , drop reactions, II. 579c 
— , micro-detn., II. 0336 
Metal-spraying, oxy-acety- 
leue, I. 116(1 

Metals, qualitative reactions, 
II. 551a, 565(1 

— , , rare metals present, 

II. 554a, 556(1 
“ Metarsenobillon,’’ I. 492a 
Metasomatic change. III. 307a 
Metastable equilibrium. III. 
447o 

Meteorites, III. 576d 
Methmmoglobin, VI. 1646, 
1076 

Methallyl chloride fumigation, 
V. 397a 

Methane, chlorination, II. 
353a, d 

— , chlorotribromo-, II. 320d 
— , detn., in air, II. 081a 
— , dichlorodibromo-, II. 320(1 
— , dichlorodinitro-, I. lOOd 
— , difluorodibromo-, II. 3216 
— , di-iodofluoro-, II, 323e 


Methane from carbon d oxide, 
II. 325d 

carbon monoxide, II. 349c 

phenol, II. 306d . 

— , iododifiuoro-, II. 323c 
— , nitro-, prepn., II. 3736 
— , reaction with steam, II. 
4256 

— , tetrabromo-, II. 3206 
— , tetrachloro-, II. 353a 
— , tetraiodo-, II. 321c 
— , tetranitro-, from acetylene, 
I. 84a 

— , tribromo-, II. 1186 
— , tribromofluoro-, II. 3216 
— , trichloro-, III. 776 
— , trichloronitro-. III. 856 
Methanol, see also Methyl 
alcohol. 

— , detn., II. 6846 
Methen^ of phenylglycol, I. 
37a 

Methine bases, II. 481a, 6 
Methionine, III. 540a 
Methone, IV. 5a 
Methoxy-butaldehyde, I. 37a 
Methoxycatechol, mono-, VI. 
1396 

Methoxychelidonine, II. 527(1 
Methoxyl group, detn., II. 624d 
6-MethoxyIepidine, III. 178c 
Methoxy - 5 - methylfurfural 
from inulin, II. 3036 
Methylacetal, I. 34c 
N-Methylacetanilide, IV. 

416d 

Methyl acetate, I. 51a ; II. 
4486 

Methylacetoacetic acid, ethyl 

“ Methyl acetone,” II. 471c 

, specification, II. 4726 

Methylacridan - acridinium 
methochloride, I. 130d 
Methylacridinechloral, I-. 

127d 

lO-Methylacridinium, 2:8-di- 
mino-, antiseptics, I. 133d 
N-Methylacridone, I. 1276 
Methylal, I. 34a 
Methyl alcohol, acetic acid 
from, II. 350c 

, carbon tetrachloride 

from, II. 354c 

- — ■ — from (xrrbon monoxide, 
II. 350a 

in ethyl alcohol, detec- 
tion, I. 184a ; V. 3026 

, — film coating, II. 4496 

, oxidation, II. 427c 

production, II. 310d, 

425c, 429c 

, reaction vrith carbon 

monoxide, II. 350c 

, specification, II. 4726 

, synthetic (sec also 

Pischer-Tropsch synthesis), 
II. 425c ; VI. 334a 
Methylallene, I. 240c 

1- Methylamino-4-o-sulpho- 

a - tolyl - aminoanthra- 
quinone, I. 200d 
Methylaniline, I. 3086 
“ Methylanol," VI. 220a 

2- Methylanthraquinone, I. 

2086, 4026 

4 - Methylanthra(iuinone, 1- 
chloro-, I. 402c 

Methylanthraquinone, di- 
hydroxy-, XII, llOc 
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2-Methylanthra<iuinone, 1:5- 
dinitro-, I. 301a 
— , l:8-dinitro-, I. 391a 
— , l-nitro-, I. 391a 
Methylanthraqpiinone, tri- 

hydroxy-, III. llOc 
4-Methylapigenin, I. 126 
Methylapoepiinidine, III. 

171a 

Methylated spirit, I. 182d 
, Industrial (Pyridinised), 

I. 1836; III. 557c 

, mineralised, I. 1836 

, power, I. 183a, 6 

Methylation, exhaustive, I., 

311d 

Methyl bromide fire extin- 
guisher, V. 209d 

fumigation, V. 397a 

j3-Methylcapronic acid, VI. 
205c 

Methylcarbinol, acetjd-, in 
butter V. 300c 

N-Methyl camosine in muscle, 

II. 392a 

Methyl cellosolve in lacquers, 

. II. 478d 

Methylcellulose in calico 
printing, IV. 180c 
Methyl chloride formation, II. 
354a 

— chloroformate, dichloro-. III. 

116 

, monochloro-, prepn.. III. 

17a 

, prepn.. III. lid 

, trichloro-, in warfare, 

III. 106 

, — , prepn.. III. 176 

2 - Methyl - 4 - chloro - 5 - 
zsopropyl phenol, II. 404 o 
Methyl chlorosulphonate in 
chemical warfare. III. lOa 

, prepn.. III. 17a 

Methylcholanthrene from 
cholic acid, II. 380a 
Methylcinchonine, III. 142d 
Methylcinnamaldehyde in 
cassia oil, II. i\Sd 
Methyl cinnamate, III. 181c 
N - Methyl - d - coniine, III. 
3256 

Z-coniine, IIL 3256 

Methylcytisine, II. 4396 
Methyl gi-oup, detn., II. 0256 
Methyl(irazo-oxide, potas- 
sium, III. 0006 ^ 

Methyldibromoarsine; prepn., 
III. 17a 

Methyldichloroarsine, prepn . , 
III. 17a 

Methylecgonine, benzoyl-, III. 
2Z2d 

— , cinnamoyl-. III. 222d 
— , a-truxilloyl-. III. 222d 
— , ^-truxilloyl-. III. 222d 
Methyleneaniline, I. 3086 
Methylenecamphor, hydroxy-, 
II. 2436 

Methylene cliloride formation, 
II. 354 a 

— citric acid. III. 1866 
• — diacetate, I. 37d 

3:3' - Methylenedicarbazole. 
II. 2796 

Methyl ether, dichloro-. III. 116 
Methylethylacetoacetic acid, 
ethyl ester, I. Old 
Methylethylacetonitrile, II, 
173a 
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JVEetliyletliylbenzene, III. 
457ff 

as-Methylethylethylene, I. 

3Md 

Methyl ethyl ketone, I. 71a 

■ hromo-, in warfare, 

III. 10c 

in film manufacture, 

II. 448c 

, specification, II. 4726 

kctoxime, II. 1706 

Methylethyl maleinimide, I. 
0916 ; III. 836 

Methyl-eugenol in citronella 
oil, III. 1916 
Methylformal, II. 34« 

Methyl formate in photo- 
graphic dopes, II. 448c 
Methylfurfur^, hydroxy-, in 
caramel, II. 277o 
— — , test for, VI. 2056 
Methylglucosides, a- and fi-, 
VI. 82c 

Methylglycocyamidine, III. 

416cZ 

Methylguanidine, VI. 14Ga 
Methylguanidinoacetic acid, 

III. 415a 

1-Methylguanine, VI. 1526 
“ Methylhexalin,” VI. 220a 
Methyicyc/ohexanol, VI. 22Ga 
MethylcycZohexanone in lac- 
quers, II. 472a 

Methylcyc/ohexyl acetate in 
lacquers, II. 472a 
Methyl hexyl ketone, II. 422a 
Methylhydantoins, 3- and 5-, 
VI. 291a 

Methylhydrastimide hydro- 
chloride, I. 304c 
5-Methyliminazole, VI. 235d 
S-Methylindple, VI. 4036 
Methyl ketopinate, reduction 
II. 2466 

Methylnaphthyl ketone, I. 05cZ 
Methyloses, II. 287c 
Methylo-sugars, II. 291c 
Methyl jso-oxazolone, I. 03d 
y-Methyl-zl^S-pentadiene, I. 
306 

Methyl cyclopentenophenan- 
threne from cardiac agly- 
, cones, II. 3826 

— cinobufagin, II. 388a 

Methylphenylhydrazme, I. 
293c ; VI. 301c 

Methylpropylacetic acid, II. 
' 271c 

Methylisopropylacetic acid, 

II. 271 d 

Methylpropylacetoacetic 
acid, ethyl ester, I. 04tZ 
p-Methylfsopropylbenzene, 

III. 638c 

Methyl-n-propylcarhinol, I. 
3596 

Methylisopropylcarhinol, I. 
359c 

Methyl t sopropylpropionic 
acid, VI. 205c 
Methylpyridines, I. 84c 

1 - Methylquinoline, 2 - keto - 

l;2-dihydroxy-, III. 402c, 
463a 

2 - Methylquinoline, 3 - 

hydroxy-, I. 65c 
Methyl salicylate, I. 6926 ; II. 
308(Z 

Methylsalicylic acid, V. 53a 


INDEX 

Methylstihine dihalides, I. 
43id 

Methylsulphonic acid, mono- 
iodo-, sodium salt, I. 4c 
a-Methylvaleric acid, II. 271c 
y-Methylvaleric acid, II. 2716 
Methyl vinyl ketone, I. 88c, 936 

— Violet in stability test for 

explosives, IV. 534 a 
Metmyoglobin, VI. lOGd 
“ Metramine,” I. 326a 
Mettegang metliod, IV. 550c 
» Mg-7." I. 2536 
Mianin, I. 140a 
Micas, I. 291c ; TI. 137c 
Micelle, III. 284 a 

— of cellulose, II. 4576 
Michael condensation, II. 307c 
with boron trifluoride 

catalyst, VI. 200a 
Micranthine, III. 547c 
Microanalysis, detn. of 0, If 
and N, II. 030c 

— , Cl, Br, I and S, II. 

632a 

— , quantitative, II. 6296 
Microbalance, McBain, III. 
0056, foot-note 

Microbalances, I. 007c ; II. 
02M 

Microcosmic salt beads, II. 
5486 

Micro gas analysis, II. 680d 

Kjeldahl nitrogen detn., II. 

631c 

Micronite, V. 351c 
Microspectroscope, Zeiss, VI. 
1656 

Micro-Zeisel method, II. 633(Z 

Middle components, IV. lQ5d 

Milch den, V. 72c 

MilfoH, I. 119<Z 

Milk, IV. 3016 

— , citric acid in. III. 1906 

— fat, see Butter. 

tree, II. 119a 

Millepores, coral from, III. 300c 
Millet, II. 482c 
Millstones, I. 46 

Mineral and aerated waters, I. 
155c 

Minerals, co-ordination form- 
ula3. III. 330a 

Mineral waters, detn. of 
metallic impurities in, I. 
1596 

“ Mineral X,” I. 6016 
Minioluteic acid, V. 52d 
Minofer, I. 446a 
Minyak Nyatoli, II. 32c 
Miotine, II. 200d 
“ Mischmetal,” II. 5166 
Miso, V. 59c 
Mispickel, I. 409a 
Mists, particle size, IV. 956 
Mitscherlich pulp, II. 461cZ 
Mixed acid for nitroglycerin, 

IV. 492d! 

M.N.T. (mononitrotoluene), 
explosive, IV. 4606 
Mocha-stone, I. 104a 
Mochyl alcohol, I. 002d 
Moddite, IV. 5196 
Moebius process, VI. 108a 
Moellon and moellon ddgras, 
III. 5516, 551dt, foot-note 
Mohair, IV. 124c 
Mohawkite, IV. 55c 
Mohri, I. 123a 
Mohua butter, I. 653a 


Moissanite, II. 280c 
Mol concentration, III. id . 

IV. 37(7, foot-note ’ 
Molecular depression of freez- 
ing point, HI. 441c 

— weight detn., micro-method, 

II. 0346 

Mol fraction, IV. 37(7, foot-note 
Molisch test for chlorophyll, 

III. 84(7 

Mol (molal) percentage, III. 

2a ; IV. 37(7, footnote 
Molybdeena, II. 314a ' 
Molybdenum carbide, II. 281a 

— carbonyl, II. 357a 

chromirun alloy. III. 104(7 

— , detn. assay, I. 5286 
— , — , colorimetric, II. 672a 
— , — , electrodeposition, II. ' 
701(7 

— , — , gravimetric, II. 6056 
— , — in steel, I, 5286 
— , — , volumetric, II, 003a 
— , — with cupron, II. 005(7 

— oxide cracking catalyst, II. 

4266 

— pentachloride as chlorine 

carrier, II. 3536 
— , production, II, 511a 
— , qualitative reactions, II, 
554a, 550(7, 575c ' 

— , trace effect on Azotohader, 
I, 507(7 

Monardaein, VI. 92a 
Monascoflavin, V, 50 
Monascorubin, V. 50 
Monazite, II. 508c, 5126 ; V. 
4S3a 

Mond power gas, V. 370a 

— producer, V. 3706 
Monel metal, I, 278a 
Monish suction machine for 

glassAvare, V, 587c 
Monite, III. 294a 
Monkey-nuts, see Ground nut 
Monobel, IV. 553c 
Monogermane, V, 521(7 
Monotropin, V. 503c 
— , primeverose in, II. 3006 
Monotropitin, VI. 92a 
Monotropitoside, VI, 92a 
“Montanin ” disinfectant, IV. 

23a ^ 

Montan wax in candles, II- 


Mont Cenis process, I. 3376 
Montebrasite, I. 303(7 
Montmorillonite, III. 196a ; 

V. 381(7 

Moonstone, V. 3a 
Moore tube in bleaching 
powder production, Ht. 
62a 

Moor-stone, III, 32c, 
Mordant, iron acetate, II. 5oa 
Mordants, IV. 129(7 
— , cerium in, II. 5116 
— , chromium in. III. 100(7 
— , detection in dyeings, IV. 
173a 

— for cotton, IV. 132a 
— , Turkey-red oils in, II. 421(t 
Morgan gas machine, V. 3/Oa 


Morgcinite, T. 684c, 0856 
Morm. I. 497(7 


Morinda spp. VI. 92a . 
Morindin, VI. 92a 
Moringa spp., I. 663c 
Moroxite, I. 449(7 



Morphine, diacetyl-, hydro- 
chloride, I. 65(2 ; VI. 205£Z 
Morphium, I, 233c 
Morrhuic acid. III. 250c 
Mortar test, IV. 5486 
Mosaic gold, I. 549(1 
Mother-of-pearl, I. 457a 
Moti, 11. 496a 

Motor fuel {see also Anti- 
knock entries ; Benzene ; 
Explosions, gaseous ; Euel ; 
Inhibitors, gum), II. 151a 
' — fuels from hydrogenation of 
coal, VI. 333d 
'Mottramite, III. 5606 
Mou-ieou, III. 336 
“ Mould creams,” IV.'303(2 
Mould fermentation in food 
prepn.; V. 596 

— growth on arsenical paper, 

poisoning due to, I. 483c 
dVIoulding of c.andles, II. 265c 
Mould products of unknown 
constitution, V. 56 
Moulds, chlorine compoimds 
from, V. 586 

— , fats and lipins from,-V. 576 
— , nitrogen compounds from, 
V. 58(2 

— , polysaccharides from, V. 
576 

Mould spp., citric fermenta- 
tions with, V. 496 

, oxalic fermentations 

with, V. 496 

“ Mould starch,” V. 57(2 
Mountain-cork,” I. 499c2 
.“Mountain-leather,” I. 499(2 
“ Mountain-wood,” I. 499(2 
Movement, Brownian, III. 
280c 

Movrin or mowrin, I. 654a 
Mowha butter, I. 653a 
“ Mowilith H ” and “(V,” I. 90c 
Mowrah butter, I. 653a 

— flowers, I. 6556 
Mowrin, I. 854a 
Mucic acid, II, 298a 
Mucins, VI. 21c, 26a 

Mucor mucedo on bread, II. 846 

— spp. in fermentations, see 

Fermentations, mould. 
Muller’s solution, I. 6496 
Mule spinning, V, 150c 
MuUite, III. 197a 
MultMorin, III. 556c 
Multiple effect evaporation, 
IV. 406(2 

Multiply fabrics, V. 1996 
Munjistin, V. 4166 
Muntenite, I. 302(2 
Muramontite, II. 5126 
■ Murexan, I. 628c 
Murexide, I. 2496 ; 11. 1976 
Muriatic acid. III. 696 
Murlins, I. 1996’ 
Murombntite, II. 512a 
Muruminru fat. III. 886, 244a 
Muscarine, III. 93(2 
Muscone, IV. 417a 
Muscovite, IV, 279(2 
Musk, II. 182a 
— , artificial, II. 174c 

— Baur, II. 174c 

— , cabardine, II. 182a 

— mallow, I. 304a 
Muspratt process. III. 67a 
Mustard gas, sec Diethyl sul- 
phide, jS^-dichloro-. 

^ seed, oil of black, II, 2d 


INDEX 

Mutarotation of glucose, VI. 
250a 

Mutase, V. 4296 
Mycoderma aceti. III. 231(2 
Mycodextran, V. 57(2 
Mycogalactan, V. 58a 
Mycophenolic acid, V.- 53c 
Mylabris spp., II. 2706 
“ Myochrysin," VI. 1196 
Myoctonine, I. l23d 
Myoglobin, VI. 166(2 

— as oxygen carrier, VI. 167c 
— , kinetics of oxygenation, VI. 

167a 

Myokynine, I. 6876 
“ Myosalvarsan,” I. 492o 
Myosin in maize, II. 481(7 
Myrbane oil, I. 6766 
M 3 U‘cene in hop oO, II. 92a 
$-'M.yTcene, II. 153c 
Myricitrin, VI. 926 
Myricyl alcohol in rice, II. 493(2 

— compounds in candelilla 

wax, II. 262a 
Myristic acid, I. 199c 

in rice, II. 4946 

Myristica sptp., fats from, IV. 3d 
Myristin in Cay Cay fat, II. 
439c 

Myrobalans, IV. 276d 
Myrosin, IV. 3146 
Myrticolorin, IV. 391a ; VI. 
926 

Myrtillin, VI. 926 
M 3 PCOxanthin, II. 400(2 
Myxoxanthophyll, II. 401a 


N 

Naadsteenen, III. 573c 
Nacrite, III. 196a 
Nagya^te, VI. I02a 
Nail-head spar, II. 203c 
Nennara potato, I. 497a 
Nandinine, IV. 55a 
Nankin, I. 1336 
“ Naphtazole," IV. 231a 
“ Naphtazols," IV. 133a, 134a 
Naphthacene, III. 119c 
Naphthacridines, I. 129(2 
Naphthacridone, I. 1306 
Naphthacyanole, HI. 616c 
Naphtha in lacquers, II. 472a 
“ Naphthalase," I. 567(2 
Naphthalene, antiseptic, IV. 
30c 

bisdiazonium salts. III. 682a 

— , carcinogenic compoimds 
from, II. 378c 
— , coal tar. III. 209a, 212c 
a- and J3-Naphtbalene derivs., 
see 1- and 2-Naphthalene. 
Naphthalene - 1 - diazonium- 
5-sulphonate, HI. 692(2 

l:8-dicarboxylk acid, I. 13a 

— , dihydroxy-, sec Naphthalene- 
diol. 

— , dinitro-, for explosives, IV. 
474d 

2:3-Naphthalenediol, anti- 
septic, IV. 30a 

2:7-Naphthalenediol, l-nitro- 
EO-, IV. 10a 

Naphthalene - 3:6 - disul - 
phonic acid, 1:7 - dihydr- 
OXV-, I. la 

, l:S-dihvdroxy-, HI. 

115d 

. — from phenol, II. 300(2 
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Naphthalene, hydrogenation, 
VI. 352c 

— in petroleum, I. 466(2 

— , l-methyl-7-isopropyl-, IV. 
392c 

— , mononitro-, for explosives, 

IV. 474c 

— , oxidation, H. 428a ; VI. 
445a 

— , 2-isopropyl-, IV. 393c 

— recovery from coal- and 

coke-oven-gas, HI. 2056 ; 

V. 464a 

Naphthalenes, nitro-, IV. 474c 
Naphthalene, tetranitro-, for 
explosives, IV. 4756 
— , trinitro-, for explosives, IV. 
475a 

Naphthalic acid, I. 13a 
“ Naphthanil.” IV. 231c 
Naphthaphenazine, I. 565(2, 
507a 

Naphtha(piin one, 2-hydroxy- 
and 5-hydroxy-, in hair 
dyes, VI. 1716 
— , — , detn., VI. 1716 
Naphthastyril, I. 426a 
Naphthenes, formation, H. 
173a 

— in petroleum, IH. 5376 
Naphthindone BB, I. 576c 
Naphthite, IV. 475a 
2-Naphthol, antiseptic, IF. 

296 

Naphthol AS, see “NapJilol 
AS." 

8-N aphthol-3 :6-disulphonic 
acid, 1-acetamino-, I. 119(2 
2-NaphDiol-3 :6-disulphonic 
acid, 1-amino-, sodium salt, 
IF. 7c 

— in butter, test for, II. 167(2 
candles, H. 264c 

— , reaction with Millon’s re- 
agent, H. 307c 

Naphthols, 1- and 2-, hydro- 
genation, VI. 3546 
2-Naphthol-8-sulphonic acid 
I. 658c ; HI. 428c 
Naphthophenanthridine, al- 
kaloids, H. 5296 

1- Naphthylamine-4:6-disul- 

phonic acid, HI. 5456 

4:7-disulphonic acid, HI. 

5456 

2 - Naphthylamine - 5 - sul - 
phonic acid, HI. 5456 
2 - Naphthylamine - 6 - sul - 
phonic acid. H. 118(2 
2 - Naphthylamine - 8 - sul - 
phonic acid, I. la, 585(2 
2 - Naphthyl benzoate, in 
candles, H. 264c 

— isobutyl ether, H. 106c 
Naphthylene - 1:8 - diazo - 

imine, HI. 5936 

diazoiminei!, 1:2- and 2:3-, 

HI. 5936 

2- Naphthyl ethyl ether, H. 

1066 

2 - Naphthylhydrazine, I. 
1976 ; VI. 301(2 

1-Naphthyl salicylate, I. 262(2 
" NaphlolAS," IV. 133a, 131a, 
227c 

Napoleonite, TV’’. 86 
(22-Narcotine, n. 100(2 

— methiodide dihydratc, VI. 

100(2 

Narcylen, I. 796, 367(2 
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Naringerin, VI. 130a 
Naringm, VI. 926, 130a 
Nasturtium officinale, VI. 89a 
Nastmin, III. 554c 
Nataloin, I. 262c 
Natramblygonite, I. 303ri 
Natroalxinite, I. 298a 
Naturglftstoff, III. 434c 
NatiirlaL, IV. 315c 
“ Nautisan,” I. 70d 
Neat's foot oil, II. 2Sd, foot- 
note ; VI. 280cZ 
Neb-neb, I. 11c, 585a 
Nectandra puchiiry major, iso- 
eugenol from, IV. .S97tZ 
Neem bark, I. 561a ; V. 516a 
Negretein, III. 554c 
“ Nekals,” IV. 2866 
Nelson Bohnaliie,” I. 277c 
Nelson electrolytic cell, III. 
54c 

Nemalite, II. 1196 
“ Nembutal," (see also Barbi- 
turic acid), I. 3686, 623a 
“ Neoantimosan," I. 439a 
“ Neoarsphenamine," I. 492a 
Neocyanine, III. .524c 
Neodymium, II. 511r: 
Neoerbium, IV. 3216 
“ Neokharsivan," I. 492a 
“ Neomerpins," IV. 2866 
“ Neonal," I. 623a 
Neonite, IV. 5196 
Neopelline, I. 122c 
“ Neosalvarsan,” I. 4806, 492a 
“ Neostam," I. 439c 
Neosterol, IV. 325c 
" Neostibosan," I. 436c 
" Neothesin,” I. 369a 
Neou oil, 86d 
Nepbeline, I. 4506, 6.52a 

— -syenite, I. 4506 ; II, 429c 
Nepbelite, I. 264d 
Nephrops norvegicus, I. 532c 
Nepouite, V. 430a 

Neral, III. 183d 
Neriifolin, II. 386c 
Nerol, II. 2616 ; V. 517c, 518a 
Nerolidol, I. 693c 
“ Nerolin Bromelia ” and 
“ Nerolin Yara Yara,” V. 
328c 

“ Nerolin II," II. 1066 
“ Nervocidine," IV. 336a 
Nervon, II. 506c ; VI. 92c 
Nessler’s reagent, II. 572r 
Neuberg ester, V. 22a 
Neurine, III. 94a 
Neurodin, I. 736 
“ Neutralisations,” VI. 248c 
" New Fortex," IV. 4876 
Ngai-camphor, IT. 30d 
N'gart oil, IV. 86c 
Niccolite, I. 469a 
Nickel, action on methane, 
II. 349d 

— , and steam, II. 4256 

— arsenide. III. 34d 

— as trace element, I. 510a 

— carbide, II. 281c 

— carbonyl, II. 3.51a, 357a 

chromium alloy. III. 1046 

— complexes with catechol, 

II. 431a 

— , detn. assay, I. .528c 
— , — , colorimetric, II. 6726 
— , — , electrodeposition method, 

. II. 701d 

— , — , gravimetric, II, 612c ; 
V. 402c 


INBEX 

Nickel, detn., volumetric, II, 
6636 

— , drop reaction, II. 581a 
— , 'electrodeposition, IV. 265c 

— glance, I. 469a 

— in oxidation of sulphur com- 

pounds, II, 425a 

— phosphide, formation, II. 

357d 

— , qualitative reactions, II. 
553a, 578a 

— , , rare metals present, 

II. 555(7, 556(7 

— silver, II. 105(7 

— sulpharsenide, V. 529c 

— ruanyl acetate test for 

sodium, II. 554c 
Nicol’s prism, substitute, II. 
443a 

Nicotine, antiseptic, IV, 316 
Ntgella spp.. III. 545(7 
Nigrosine, I. 5696, 579c ; VI. 
467(7 

Nikeline, I. 469a 
Ninbydrin, I. 3246 ; VI. 307c, 
308a 

Niobates, qualitative reactions, 
II. 555(7, 556(7, 573(7 
Niobic acid, III. 312a 
Niobite, III. 309c, 3106 
Niobium (columbium). III. 
309(7 

— and tantalum, separation, 

II. 602a 

— arsenide. III. 3136 

— boride. III. 3136 

— bromide, chloro-. III. 312(7 

— carbide, II. 218(7 ; III. 3136 

— chloride, chloro-. III. 312(7 
— , detn., gravimetric, II, 602a 

— dioxide. III. 312a 

— hydroxide, chloro-. III, 312(7 

— monoxide. III, 311(7 

— nitride. III, 313a 

— oxybromide. III. 313a 

— oxychloride. III. 313a 

— oxyfluoride. III. 312c 

— oxysulphide. III. 313c 

— pentabromicle, III. 313a 

— pentachloride. 111. 312c 

— pentafluoride. III. 312c 

— pentoxide. III. 312a 

— phosphide. III. 3136 

— , prepn. from its oxide, II, 
51 la 

— , qualitative reactions, II. 
555(7, 5586, 573(7 

— sesquioxide. III. 312a 

— sulphide. III. 3136 

— trichloride. III. 312c 
“ Nipagin," VI. 3466 
Nicjuidine. III. 149(7, 171a 
Niquine, III. 149(7, 176a 
(soNicpiine, III. 1706 

“ Nirvanine," I. 3696 
Nisinic aci<i. III. 2476 
Nitramide, catalytic decom- 
position, VI. 249c, 2556 
Nitrate, detn., colorimetric, II. 
673c 

— , — , gravimetric, II. 59Sc ; 
V. 327(7 

— , — , Schlosing gasometric, II. 
688(7 

— ,V — , volumetric, II. 604a ; 
\lV, 5156 

— of^soda fertiliser, V, 656 
Nitrates and nitrites, detn., II. 

687;7, 688d ; IV. 515a ; V. 

2996% VI. 1506 _ 

\ 


Nitrates, detection and detn 
V. 327(7 ’ 

— , drop reaction, II. 582a 
— , qualitative reactions, II 
572c 

Nitrator-separator for nitro- 
glycerin, IV. 494c 
Nitric acid, catalytic produc- 
tion, II. 4246 

, detn,, see Nitrates, 

for nitroglycerin, IV. 492c 

, solvent in analysis, II. 

5496 


, use in flour analysis, II. 

83a 

— ester explosives, IV. 489c 

— ether, IV. 364(7 

— oxide, detn., II. 6846 
Nitriles, II. 371(7, 3776 
— , hydrolysis, II, 362(7 

— , rmsaturated, preparation, 

II. 3656 

zsoNitriles, I. 309a 
Nitrite, detn, (see also Nitrate, 
detn,). 

— , — , potentiometric method, 
II. 707(7 


— , — , volumetric, II. 664c 
Nitrites, quahtative reactions, 
II, 572d 

Nitro-amino explosives, IV. 
485a 

Nitrocellulose, analysis by 
nitrometer, II, 687(7 ; IV. 
515a 

— dopes (see also Celluloid ; 

Cellulose lacquers ; Cellu- 
lose plastics ; Bibres, arti- 
ficial, or rayon), IL 4j346 

— explosives, IV. 501-535 

— , gelatinisation, II. 252c, 259(7 

— history, IV. 501c ; V. 114(7 

— in celltdoid, II. 4436 
photographic films, !!• 

447a 

— lacquers, II. 467(7 

nitroglycerin powders, IV. 

519a 

— plastics, II. 4746 

— powders, IV. 517c, 524(7 
, cutting and pressing pro- 
cess, rV. 525(7 

, drying, IV. 5266 

, progressive burnmg, -iv, 

527a . . . 

, solvents for gelatmismg, 


IV. 523c . ^ , 

, treatment of deteriorated, 

IV. 527a 

-, production, II. 443c, 447a, 
463(7 ; IV. 502c 

- sUk, see Eayon. 

-, soluble, see CoUodion cotton. 

- stabilisers, IV. 520a 

- stability tests, see Stability 
tests. 








Nitrocbalk, I. 352(7 ; V. 65c 
Nitro - compounds, detn., 
with titanium chloride, •it" 


627a, 708a 

ocotton, see Nitrocelluose. 
o-explosives, classes, iV. 
46oa, 475c, 484c, 48oa, 

489(7, 501c, 517c - 

tabUity tests, see Stability 

tests. , , „ T 

oform from acetylene, i- 
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Nitrogen, defcn. by hydrogena- 
tion, VI. 362d 
— , — , gasometric, II. 6846 
— , — in Ca cyanamide, V. 84c 

— , carbon compounds, 

II. 617d, 6316 

— , feeding stuffs, IV. 601d 

— , fertilisers, II. 6196 ; 

V. 83d 

— , hydrogenation analy- 

sis, VI. 362d 

— , nitrates, II. 664(i ; V. 

84d 

— , — , Kjeldahl’s method, II. 

6196 ; IV. 602a ; V. 846 
— , — , micro-Dumas method, 
II. 6316 

, Kjeldahl method, II. 

631c 

— dioxide, detn., II. 684c 

free extract, IV. 59ii.- 

— , luminescent, III. 23c 

— pentoxide, decomposition, 

II. 531c 

— peroxide in flour bleaching, 

II. 816 ' 

, reaction with calcium 

phosphate, II. 2256 
, lime, II. 222d! 

— production and purification, 

I. 335a 

— trichloride in flour bleaching, 

II. 81a 

Nitroglycerin (see also Blast- 
ing gelatine ; Dynamite), 
IV. 491c, 496d 

— , continuous manufacture, IV. 
4966 

— , detection, IV. 499c 
— , detn., IV. 532(7 
— , effect of cooling or heating, 
' IV. 497a, c 

— , explosive properties, IV. 
498c 

— manufacture, IV. 491(7 
, recovery of acids, IV. 

495d 

, treatment of waste wash 

water, IV. 495c 

— , physiological effects, IV. 
4986 

— , properties, IV. 496(7 
— , recovery, from waste acids, 
IV. 495d 

— , solubility, IV. 497(7 
— , stability, IV. 4976 
— , testing, IV. 499(7 
— , volatility, IV. 496(7 
Nitroglycol, IV. 489(7 
Nitro-groups, detn., IT. 627a 
“ Nitrolim," II. 219c ; V. 65(7 
Nitrolit, IV. 484a 
Nitromannitol, IV. 500(7 
Nitrometer, I.- 5S2c 
— , Lunge’s, II. 687d 
“ Nitron,” VI. 150a 
Nitroprusside, sodium. III. 
477a 

Nitroprussides, qualitative re- 
^ actions, II. 569c 
‘ Nitrosamines ” for diazo 
coupling, IV. 231c 
Nitro-silk (sec also Nitrocellu- 
lose), II. 4646 ; V. 114(7 
Nitrosocarbonyls, II. 3586 
Nitroso R-salt, reagent for 
cobalt, II. 552(7 
Nitoostarch, IV. 516(7 
Nitro-sulpliTir compounds as 
explosives, IV. 484c 


Nitrous fumes, analysis, II. 
6846 

— oxide, detn., II. 684c 
Nitrum sen lacks, II. 299a 
Njatua tallow, II. 32c 
Nobelit, IV. 556a 
Nobel’s blasting oil, IV. 49 Id 
“ Nodal." I. 623a 
Nodakenin, VI. 92c 
Nogueira de Iguape, II. 262c 
Nohlite, II. 512c 
Nomograms, III. 3c, 5a 
n-Nonacosane, occmrence, II. 

119c, 183a 

15 - Nonacosanol, 15 - non - 
acosanone, occurrence, II. 
119c 

Non-metals, drop reactions, 

II. 581d 

Nontronite, I. 6636 ; III. 196a 
Nopal, Nopalea coccinellifera, 

III. 226c 

Nopaleries, III. 226c 
Norbixin from lycopene, II. 
4016 

Norcampbor, methylation of, 
II. 2406 

Norcantharidin, II. 270d 
Norcaryopbyllenic acid, II. 
4096 

Norcassaidine, IV. 336a 
Norconessine, III. 323c 
Nor/soepbedrine, II. 4396 
8-Norisoepbedrine (cathine), 
1. 116 

x-Norequilenin, VI. 271c 
Noreupittone, IV. 401c 
Norbarman, VI. I86a 
Nor-m-bemipinic acid, II. 
236a 

“ Norit," I. 153a ; II. 316d 
Norite, III. 327c 
Norsabite, IV. 556d 
” Norwegian gabbro,” V. 409a 
“ Nosophen,” I. 448d 
Noumeite, V. 429d 
Noumgou fat, I. 655a 
Novaine, II. 391a 
“ Novarsenobenzene," I. 492a 
” Novarsenobillon," I. 492a 
Novit, IV. 489c 
“ Novocaine,” 1. 16, 309a ; II. 346 
Nucite, VI. 495a 
Nuclease, IV. 3146 
Nucleation in supersaturated 
solutions. III. 446d 
Nucleic acid, oryza-, II. 499a 

— acids, VI., 92c 

Nuclei in condensation of 
vapoius, IV. 97c, 986 
Nuclein in rice, II. 499a 
Nucleotides, II. 2876 
Nullipores, coral from. III. 300c 
“ Numal," I. 623a 
“ Nupercaine," I. 369c 
“ Nupyrin," I. 517d 
Nut butters, II. 168d 
Nutmeg butter, II. 168d 
Nut oil. III. 33a 
Nutritive ratio, IV. 6016 
Nuts, oil, aoura. III. 2386 
— , — , babassu. III. 243d 
— , — , burity. III. 2386 
— , — , cohune. III. 243d 
— , — , gru-gru. III. 2386 
— , — , inaja. III. 2386 
— , — , jauary. III. 2386 
— , - — , kokerite. III. 2386 
— , — , mocaya. III. 2386 
— , — , murity. III. 2386 


Nuts, oil, murumuru. III. 244 a 
— , — , palm-kernel. III; 243a 
— , — , Paraguay, III. 2386 
— , — , piririma. III. 2386 
— , — , tucum. III. 2386 
Nyctanthin, II. 439d 
Nylon, IV. 125d, 126a; V. 

1126, 1136, 126a 


O 

O-Acid, VI. 452d 
Oak-apples, V. 4206 
Oakley quarrv powder, IV. 
4876 

Oats, II. 4896 
Obermiiller test, IV. 547d 
Oblitine, II. 3916 
Ocemene, II. 155d 
Ochroite, IT. 5126 
Ocimene, II. 153c 
Ocimum spp., eugenol from, I. 
052c ; IV. 394c 

"Octadiene, II. 156d 
Octaethylene glycol, IV. 3796 
Octahecb-ite, I. 370a 
Octabydroeugenol, IV. 396c 
isoOctane aviation fuel, VI. 
333d 

cyc/oOctatetraene, III. 5356 
acij-Octatrien— y-ine, I. 886 
Octylacetoacetic acid, ethyl ‘ 
ester, I. 64c 

sec.-Octyl alcohol, prepn., II. 
422a 

Octyl butyrate, occurrence, II, 
179c 

Octylformal, I. 346 
scc.-Octylbydrocupreine, III, 
1686 

Odorin, I. 29d 
OElbitumen, V. 354a 
(Enanthaldehyde in cognac 
oil, II. 422a 
CEnantbol, VI. 205a 
CEnantbylic acid, VI. 205a 
CEnin, III. 654c ; VI. 92c 
(Estradiol, VI. 269a 
a-fEstradiol, VI. 269c 
8-(Estradiol, VI. 269c 
(Estriol, VI. 268c, 269a, c 

— glycuronide, VI. 2696 
(Estrogens, artificial, VI. 272a 
— , colour reactions, VI. 209d 
— , origin, VI. 270d 

— , synthesis, VI. 271a 
(Estrone, VI. 208c, d 
— , properties, VI. 2606 
Oil, animal, II. 29d 
“ Oil, atomised,” V. 379c 
Oil, boiled or kettle-boiled, I. 

266 ; TV. Ola 
Oilcakes, fertiliser, V. 006 
Oilcloth, American, V. 193a 

— manufacture, V. 193a 
"Oildag,” I. 119d; II. 3106 

III. 288a 

Oiled silk, V. 193d 

Oil emulsions, edible, IV. 3036 

— hj'drosols, IV. 284a 

— in feeding stuffs. IV. 592d, 

OOld 

— point, V. 351d 

— process in photography. III. 

Ilia 

— piflp, 1. 293c 

— refining, see Earths, active. 
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Oils, boiled, “ bung-hole,” II. 
26& ; IV. 916 

— , decolorizing, IV. 247c, 2496 
— , dpsulphurisation, II. 4206 
— drying, IV. 81c 
— , — , non-drying and semi- 
drying, IV. 8 Id 

— , — , refined, for paints, IV. 
87c 

— — , synthetic, I, 906 ; II. 

4226 ; IV. 81d, 876 
— , effect on concrete, II. 1486 
— , hardened or hydrogenated 
{see also Hydrogenation), 
II. 426d ; VI. 1776 

— in casein paints, II- 415c 
Oilskins, V. 195d 

Oils, suIiJhurised {see also 
Factis), IV. 90c, 590a 
Oilstones, I. 46 
Oiticica oil, IV. 84a 
Okenite, I. 227c 
Olanin, II. 29d 
Oleandrigenin, II. 386c 
Oleandrin, II. 3866 ; VI. 92c 
Oleandrose, II. 386c 
Oleanolic acid as aglucone in 
calendula saponin, II. 2346 
Oleates, metallic, parasiticidal, 
IV. 28c 

Olefiant gas (ethylene), I. 79c ; 

IV. 3726 

Olefin oxides, glycol ethers 
from, II. 443a 

Olefins, alkylation of car- 
bazole with, II. 280a 

— from carbon monoxide, II. 

350d 

shale oil, II. 36 

— , oxidation, II. 373a 
— , poly-, II. 151a; HI. 533c 
Oleic acid, III. 2476 

, antiseptic action, IV. 286 

glycerides {see also Drying 

oils; Olein), VI. 686 

in hone fat, II. 296 

/soOleic acid, detn., VI. 1856 

, formation, VI. 184c 

, in candles, 11. 264a 

Olein, enzymatic synthesis, II. 
420c 

— in Cay Cay fat, II. 439c 
01. Elliott., III. 4356 
Oleum anethi, I. 371c 

— animate empureunialicuni, II. 

29d 

— Calais, II. 213a 

— Dippelii, II. 29d 

Oleyl alcohol in wool scouring 
baths, II. 16a 

Olibanum {see also Frankin- 
cense), II. 53c ; V. 328cZ 
Oligoclase, V. Id 
Oligodynamic action, IV. 24d 
Oligosaccharides, II. 3016 
— , optical rotation, II. 3026 
Olive, Caledon, B, I. 422c ; II. 
1196 

— , Cibanone, B, I. 424a 

— oil in wool scouring baths, 

IT. 16a ' 

Olivine, I. 500b ; HI. 119d 

basalt, I. G52a 

Onegite, VI. 101a 

O’Neill glass-blowing machine, 

V. 583 

— suction machine for glass- 

ware, V. 586 

Ononin, V. 259c ; VI. 92fZ 
Onyx, I, 164g 


Oospora spp., V. 57a 
Oosporin, V. 56 
Opacifiers in candles, II. 264c 
“ Ophorite,” IV. 464d 
Optochin, III. 1666, 1686 
Orange, Acid, IV. 205a 
— , Acridine, and Orange Acri- 
dine B, I. 131d, 132c 
— , Algol, I. 206a 
— , Alizarin, I. 205a, 206a, 228a 
— — ■ G, I. 2286, 393a 
— , Cadmium, H. 194d 
— Caledon Gold, 3G, I. 422c 
— , — , 4B, BBT, I. 419a 

— Chrome, HI. 1126, 113a 

— , Cibanone, B, 6B, I. 423c, 
417a 

“ Orange crystals,” I. 65(Z 
Orange, Indantbrene, F3E, 
BBK and 6BTK,- 1. 418a, 
416d, 414c, 420a 
— , — Brilliant, GK, GB and 
BH, I. 426a, 427d, 429c, 
426a 

— , — Golden, GN, I. 390c, 
418d 

— , lonamine, CB, I. 40c 
— , New Acridine, B, I. 132a 
— , Pharma Acridine, B, BBB, 
I. 132a 

— , pigments from the, HI. 184d 
— , Bhodulin, N, NO, I. 132a 
— , Soledon Brilliant, 4B, 1. 4296 
Orbiiolitesmarginalis, coral from, 
HI. 3606 

Or bleu, VI. 110a 
” Orcas,” I, 136d 
Orcinol, colour reaction with 
pentoses, II. 2876 
Ores, flotation process, V. 263d 
Organdie finishing, V. 191c 
Organophosphors, H. 224c 
Organosols, III. 279d 
Organzine silk, IV. 124a ,* V. 
94a 

Or gris, VI. 110a 
Orixine, HI. 602d 
Orizahin, VI. 90c 
Ornithine from citruUine, HI. 
1936 

Ornithite, II. 224c 
Orobanchin, VI. 92d 
Oroboside, VI. 92d 
“ Orphol," I. 701a 
Orpiment, I. 408c, 4706 
Orsat apparatus, II. 676a 
Orthite, I. 238c ; H. 512a, 6 
Orthoboric acid, II. 40d 
Orthochrome T, HI. 5156 
Orthoclase, I. 264d 
“ Orthoform ” (new and old), I. 
3696 

“ Ortizon," VI. 345d 
Orujo, II. 3436 
Oryzanin, H. 60d 

— in rice, II. 4926 
Osmium, detn., H. 613a 
— , — , gravimetric, H. 6136 
— , — , volumetric, H. GGId 

— , qualitative reactions, H. 

554d, 556(7, 578d 
Osmotic pressure, equation for, 
HI. 288a 

of starch .solutions, H. 

3026 

Osones. II. 293c 
Ossein, H. 27c ; V. 5056 ; VI. 
23a, 25a 

Osteolite, II. 224c 
Qstwald dilqtjon law, H, 536c 


Osyritrin, VI. 92d, 95a 
Otavite, VI. 136d 
Otto of roses, I. 5476 
Ouabain, H. 3S6a ; VI. 92d 
Oubagenin, II. 386c 
Ourere fat, I. 655a 
Ovalbumin, prepn., IV. 2546 
Ovomucin, prepn., IV. 25 id 
Ovomucoid, IV. 254d 
Oxacarbocyanines, oxa - 2' - 
and oxa-4'-cyanines. III. 
5206 

Oxalates, qualitative reactions, 
H. 569d 

Oxalic acid, activated, VI. 2016 

from cellulose, II. 467(7 

in carambola, H. 276a 

Oxalyl chloride, reaction with 
tetralin, H. 364a 
Oxanthrones, I. 215a,- 3886, 
43Fd 

Oxazine, I. 565a 
isoOxazolediazonium salts, 
HI. 5926 

Oxazolo-cyanines, HI. 521d 
Oxidase in rice, H. 495d 
Oxidases, IV. 3156 
Oxidation-reduction analysis, 
H. 706c 


— - — potentials, VI. 417c 
Oxide films on metals. III. 3086 

— scale on hot metals, HI. 300a 
Oxidoethylene - uB - dicar - 

boxylic acid, ■V^ 51d 
Oximes, prepn., VI. 403(i 
Oximinoethylquinuclidine, 
HI. 164c 

Oxirninovinylquinuclicline, 
HI. 1596 


Oxindole, VI. 464d 
Oxine, II. 5836 ; III. 3356 
— , reagent {see also Quinoline, 
8-hydroxy-), II. 5836 ; III. 
3356 

— , — , metallic compounds, II. 

5836 ; HI. 3356 
Oxland and Hocking’s calciner, 
I. 473d 

Oxonitine, I. 121d 
Oxonium ion, VI. 247c 
Oxo-reaction of clilorophyll, 
HI. 84c 

Oxyacanthine, I. 682d, 083c ; 
VI. 496c 

Oxy-acetylene cutting, I. Hoc 
2 - Oxy - 6 - aminodihydro - 
P 3 n'imidine, HI. 545c 
Oxyapatite, H. 22oc 
Oxy-a-carotene, H. 3996 
Oxycellulose, II. 302a _ 
Oxychelidonine, II. 527d 
Oxycoccicyahin, VI. 92d 
Oxycoccin, III. 41 dd 
Oxydases, H. OOd ; IV. 3156 
Oxygen, detn., colorimetric, B. 
685d 

— , — , gasometric, H- 0(cfl, 
684d 

— , — , hvdrogenation analysis. 

H. 6226 ; VI. 359c 
— , free, detection, H. oi4a, 
078a, 081a, 685a 
— , qualitative reactions, B* 


.574a ,, 

xyhaemoglobin, VI. 101(6 
lC5c, 160a 
-, detn., VI. 160c 
oxygen capacity, V 1. 
phj’.siology, II. 216 
Oxylene fireproofing, * , -tw 
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“ Oxyliqait," 546a 
N-Oxymetliyl carbazole, II. 
279b 

Oxyrauriatic acid, III. 36c 
Ox^etiriiie, I. 6S6a 
6 -Ox 3 [purine, YI. 4086 
“ Ozalide ” pbotograpMc paper. 

ni. oS9d 

Ozokerite, II. 506d 
— in candles, II. 264c 
Ozone, detection, II. 574fl, 6S5a 
— , detn., II. 6S5a 
Ozonides, of olefins, H. 152c 


P 


Packwai, I. 586a 
Pack macMnes in dveing, lY. 
130a 

Paddy or Padi, II. 4S9d 
Padi tengbawang, II. Slti 
Psonia off., P. albiflora, YI. 

92d; I. olid 
Pffionm, YI. 92d 
Pasonol, I. 61Sc 
Pagodite, I. 162c 
Paint, sec also Geilulose lac- 
qners ; China n-ood oil ; 
Driers ; Drying oils ; Lin- 
seed oil ; Pigments. 

— , casein in, II. 4146 

— emiilsions, lY. 303a 
Paints, candlenut oil in, II. 

263a 

— , carbon in, n. 313a 
— , fish oils in, W. 856 

— for protecting metals, III. 

3936 

Palaqnium fat, II. 32c 

— nut oils, II. 32o 
Palas-k4pplu, II. 157d 
Palembang benzoin, I. 6156 
Palitantin, Y. 53a 
Palladinm, detn., electro- 
deposition, II. 702a 

— , — , gravimetric, II. 6146 
— I — , Tolmnetric, IP. 665a 
— , electrodeposition, lY. 270a 

— hydride, YI. 305c, 315a 

— , qii^tative reactions, II. 

55id, 556d, 57Sd 
Palladous salts,' reduction by 
carbon monoxide, II. 2516 
Palmarosa oil, Y. 517o • 
Palmatine, 1. 124a ; II. 2356 
— tetiahydro-. III. 402a 
Palmatisine, I. 124a. 
Palmiacol, II. 516d 
Paknine, III. 242a 
Palmitate, I. 5496 
Palmitic acid in bone fat, II. 
296 


candl^, II. 263c 
cascarilla and celery 
oils, n. 441a, 441d 
— rice, n. 4946 
Palrmtone in cabbage, IT. 

lS2d ^ 

Palm kernel od. III. 243a 

olein. III. 243c 

stearin. III. 2436 

— oil in candles, II. 263d - 

■ chocolate. III. S8c - 

oils, Palma spp.. III. 
^38a 

:^ ^e, I. 467d 
i^alygorskite group, I. 499c 
Panabase, ^.‘’590^ 
Panclastites, lY. 545d 


Pandermite, II. 356, 40d. 4Sc ; 

m. 27Sc 

— , borax manufacture from, 

n. 46d 

Panicol, II. 4856 
Panicnlatine. I. 124a 
Pantal, I. 2536. 277c 
“ Panthesine," I. 369a 
“ Pantocaine’' I. 369a 
Pantothenic acid, II. 9Sc ; YI. 
13Sd 

Papain, lY. 315a 

— protease, 11. SSa 
Papaver sonmiferum. P. spp., I. 

450d ; H*. Sod ; Y. Old. 
263c 

— spp., anthoc 5 nnins iu, I. 3Sld 
Papayotin, ni. 56Sa 
Paper dryer, lY. 72a 

— manufacture, casein in, II. 

4146 

— mulberry, II. 119a 
— , rice, n. 496d 

spar, n. 203c 

Papilionacem, alkaloids. III. 

542c 

Paprika, II. 2736 

— assay, piperine standard, H. 

275a 

Parabanic acid. I. 244d 
Parabutaldehyde, II. 157a 
Paraisobutaldehyde, II. 1576 
Paracasein, n. 525d 
Parachloralose, III. 35d 
Parafactis, lY. 590a 
Parafion in cacao butter. II. 
lS7a 

Paraffins from shale oil. II. 36 
— , higher, detn., II. 6846 
Paraffin ivax emulsions, Y. 
197o 

in candles, II. 263c 

Paraformaldehyde, Y. 31 Sd 
Paraglyoxal, YI. 9Sc 
Parahmmatin. YT. 1646, d 
Parahilgardite. YI. 230c 
Parahopeite, 'i’d. 266a 
Paraddehyde, I. 216, 25c. 195d, 
3686 

— , reaction, vdth caramel. II. 
277a 

Paraldol, 1. 266, 161a 
Paralinolic acid in chaid- 
moogra oil, II. 522d 
Paranaphthalene, I. 382o 
Paranephrin, I. 147d 
Paranthracene (dianthracene) 
I. 3S4d 

Parchmentising in cotton 
finishing, Y. 191a 
Parchuolite, I. 264c 
Paricine, III. 128o, 16Sc 
Parigenin (sarsapogenin), YI. 

Parillin, YI. 95c 
Parinaric acid, lY. S6d 
Parisite, lY. 279o 
Parison, Y. 57Sd 
“ Parkerising ” metals. III. 
392d 

Parkesine, II. 4436 
Particles, liquid, vapour pres- 
srure, 1\ , 97c 
Pasqne flower, I. 3716 
Paste (gem), Y. 5136 
Pasteur effect, I. 557c ; YI. 
SOc 

, inhibition, YI. .Sla 

Pasteurisation of beer, li- 
102d 


.559 

Pasteur reaction of cinchona 
alkaloids. III. 156c 
Patent stills. I. 1786 
Patina, m. 3366, 3516. 366d, 
37Sa. 392a 

— , artificial. III. 3366, S92c 
— , protective, IU. 392a 
Patronite, Y. 60a 
Pauli exclusion principle, I. 
545a 

PauUitannic acid, YI. 153d 
Pavy’s solution, I. 649a 
Payta. bark. III. 1286 
Paytamine. III. 1286 
Paytine, III. 1286 
“ P.C. fibre,” Y. 1266 
Peach wood, H. 6Sa 
Pea-nuts, see Ground-nut. 
Pearl-spar, lY. 53c 
Peat, Y. 3376 
— , gasified, Y. 338a 
Pebble powder, lY. 45Sd 
Pechiney process. III. 67a 
Pectase. lY. 3146 
Pectenine, II. 390c 
Pectenoxanthin, II. 401d 
Pectic acid from flax, Y. 162a 
Pectinase, lY. 3146 
Pectin from pectocellulose. II. 
4676 

pomace. III. 12 7d 

— in gentian root, Y. 515d 

— of grape fruit peel, YI. 1306 
— , urouic acid in. II. 29So 
Pectocellulose. II. 467fl 
Pedersen process. I. 2686 
Peeling (pottery). YI. 126 
Pegantim hannaJa, alkaloids, YI. 

186a 

Pegmatite. YI. 1266 
Peunine, Y. 8306 
Peiminine, Y. 3306 
Pei Mu, Y. 330a 
Pelargonidin, I. 3Slc ; II. 

234c ; YI. OSa 
Pelargonin, YI. 93a 
Pelargonium spp., Y. 519a ; YI. 
8Sc 

Pelosine, I. 660e 
Penang benzoin, I. 6156 

— isinglass, II. 102a 
Pencil-ore, YT. 160d 
Pencils, copving-ink or in- 
delible, HI. 359d 

Pencil-stone. I. 102c 
Penicillic acid from Pcnicillium 
spp., Y. 52d 
Penicilliopsin, Y. 55c 
Penicillium spp. {see also Fer- 
mentation, mould), II. 846 ; 
YT. 01c 

and arsenic compounds, 

I. 4S3d 

Penrhyn powder, anti-frost, 
lY. 5566 

Pentaborane, II. 40d 
Pentacarbocyanines, III. 52So 
Pentacyanides, III. 4766 
cyc/oPentadecanone, TY. 417a 
cyc/oPentadiene, III. 5346 

— from phenol, II. 306d 
Pentaeryttoitol, lY. 499d 

— ■ tetranitrat e, lY. 499d, 500d - 
Pentaethylene glycol, 15’’. 

3796 - - 

Pentamethylene diaihine, II.- 
ISSc 

— tetrazole, II. 38Sc 
Pentamethyloglucose, 

291d 


II. 
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Pentane, amyl derive, from, 
II. 471d 

isoPentane, chlorination, II. 
lolfZ 

— , dicbloro-, II. 154d 
“ Pentasol,” I. 301a 
Pentaxanthin, II. 401d 
“ Pentenal,” I. G23a 
Penthrit, IV. 499d 
Pentitols, VI. 49.5d! 
‘'Pentobarbital,” I. 623a 
Pentosan, bran, II. 56a 

— in cabbage, II. 1836 
Pentosans, II. 287a, 303c 

— in celery, II. 4416 

cellulose material, IT. 462c 

Pentryl, IV. 4886 
Pepper, red, II. 2736 
Pepsin, IV. 311d, 31.5a 
Peptides, synthesis, I. 322a 
Peptisation, III, 281a 
Peracetic acid, I. 24a, 50a ; 
II. 373a 

Peracids, detn., volumetric, 
II. 665a 

— , oxidation of aldehydes by, 
II. 3626 

— , prepn., II, 373a ; VL 3456 
Perammon, IV. 464(2 
Perbenzoic acid, II. 373a 
Perborate bleaching of silk, 
II. 18c 

— , detn., volumetric, II. 605a 
Perborates, II. 51c ; VI. 345c 
— , qualitative reactions, II. 
568a 

Perborax, II. 51<2 ; VI. 345c 
V Percaine," I. 369c 
Percarbonate, detn., volu- 
metric, II. 065a 
Perchlorate, detn., volumetric, 
II, 6576 

— explosives, IV. 464c 
Perchlorates, detn., gravi- 
metric, II. 610a 

— , production. III. 686 

qualitative reactions, II. 
576(2 

Perchloric acid in analysis, 
precautions necessary, II. 
551 d, 563(2 

Perchloroethyl formate, IV. 
362a 

“ Perchloron,” III, 636 
Perchromic acid. III. 114a 
Per-compounds, II. 373a ; 
VI. 3456 

Percussion caps, IV, 543c 
— , sensitiveness of explosives 
to, IV. 551a 

Perdisulphate (pemrdphate), 
detn,, volmnetric, II. 665a 
Pereirine, V, 504a 
Pereiro bark, V, 503(7 
Perfect gas, definition, VT, 
' 412a, 413(2 
Perfumery, use of 
esters in, II. 1816 
“ Perhydrite,” VI. 345(2 
Pericol, III, 5156 
PeriUa oil, IV, 846 
Per ilia spp., IV. 846 
Periodates, detn., gravimetric, 
II, 610(2 

— , — , volumetric, II. 6576 
— , qualitative reactions, II. 
5776 

Periplocin, II. 386(2 ; VI. 93a 
Periplocymarin, II. '38Ga ; 
VI. 93a 



Periplogenin, II, 382a, 386(2 
“ Peristaltin-Ciba,” II, 410(2 
Peristerite, V. 3a 
Perkin reaction, II, 364c ; III. 
180(2 

Permanganate, detn,, poten- 
tiometric, II. 7086 

— in respirators. III. 19c 
volumetric analysis, II. 

646c, 0606, 662a 
Permanganates, qualitative 
reactions, II. 577c 
Permitted explosives, IV, 
553c, 5,566, 5586 

, sheathed, IV, 556(2, 561(2 

Permonosulnhuric acid, VI, 
341a 

“ Permutite,” II. 2296 ; VI. 270(2 
Pernambuco wood, II, 68a 
Pemiobic acid. III, 3126 
“ Pernocton,” I. 3686, 623a 
Perovsldte, II. 229(2 ,• IV, 
245a 

Peroxidase, -IV. 3156; VI. 
168a 

— , compoimd with hydrogen 
peroxide, VI. 168a 
— , detection, V. 304c ; VI. 
1426 

— in rice, II. 495(2 
Peroxide bleaching of cotton, 

silk, wool, II; 10c, 18c, 17a ; 

V. 204a 

rayon, V, 204a 

— , detn., volumetric, II. 684(2 
Peroxides, acyl, prepn., II. 
373a 

“ Peroxydol,” VI. 345c 
Perpluviafion extraction, IV, 
584(2, 585c 

Perry, I. 466 ; III. 120c 
Perseitol, II. 296(2 
Perseulose, II. 286(2 
Persulphate, detn., volumetric, 
II. 665o 

— in flom, II. 81a 

— production, VI. S41c 
Persvdphates, qualitative re- 
actions, II. 574(2 

Persulphocyeinogen, II. 2616 
Pertite, explosive, TV. 476(2 
Peruresinotannol, I. 616c 
Peruviol, I. 616c 
Perylene, I. 426(2 
Petalite, II. 195c 
Petaloxanthin, II. 399(2 
Petermann solution, V, 81a 
Petit granit, II. 137(2 
“ Petroklastit,” IV. 464a 
Petroleum, acids from oxida- 
tion, 1. 1206 

— and shale oil, V. 379a 

— , aromatic hydrocarbons in, 
I. 466c 

— , cracked, hydration of ole- 
fins from, II. 4286, 471d! 

— , hydrogenation, II. 425(2 

— in cassia oil, test for, II. 419a 
— , origin, II. 280c 

— sulphonic acids, IV. 2866 
Petunin, III. 55id ; VI. 93a 
Pe-tun-tse, III. 32(2 
Petunzite, III. 32(2 
Petzite, VI. 102a, 20Ba 

P. and P.H. Helmet, III. 186 
Phsenthine, P.-methine base, 

VI. 496c ; II. 4816 
Phaeophorbides, III. 81(2 
Phaeophytin, III. 81d! 
Phagoc^es of blood, II. 20a 


” Phanodorn,” I. 623a 
Pharbitinic acid, VI. 936 
Pharmacolite, II. 2206 
Phaseolin, III, 414a 
Phaseolunatin, VI. 91a 
Phase test for chlorophyll. III. 
84(2 

pu, definition, II. 6386 
Pheasants eye, I, 1456 
Phellandrene, I. 5c 
— in essential oils, II. 256, 
2496 ; III. 1836, c 
Phellonic acid, III. 366a 
Phenacyl esters, II. 3786 

, p-bromo-, II. 378a 

Phenakite, I. 685a ; VI. 13c 
Phenan, III. 328c 
Phenanthranaphthazine, I. 
568a 

Phenanthraphenazines, I. 
567(2 


Phenanthra(Tuinone phos- 
phor, II. 2246 

— , reaction with o-diamines, 

I. 567(2 

Phenanthrene, detection in 
anthracene, I. 387c 
Phenarsazines, I. 494d! 

“ Phenaspetin,” I. 518a 
Phenazine, see Quinoxalines. 

“ Phenazone,” I. 449a 
“ Phenazopyrine,” I. 736 
Phenegol, IV. 257c 
Phenetole, p-amino-, I. 307c 
“ Phenobarbital," I. 623a 
" Phenocain,” VI. 2406 
Phenol (see also Carbolic acid), 

II. 303(2 

Phenol, o-bromo-, conversion 
into catechol, II. 4306 
— , bromo-derivs., II. 307a 
— , o-chloro-, in catechol prepn., 
II. 4306 

— , detection and detn., !!• 
3076, 570c, 7086 
— , dinitro-, II. 306(2 ; Ph 475d 
Phenoldisulphonic acid, cate- 
chol from, II. 4306 
Phenol-formaldehyde resins, 

II. 422(2 

— from acetylene, I. 83(2 

— in castor, II. 4i9d 
— , io(io-, II. 307a 
“ Phenol, liquefied,” II. 305a 
Phenolphthalein, prepn., 1 

3076 . ,, , 

— , tetraiodo-, sodium salt, 
448(2 ' , 

Phenol production from coal, 
II. 303(2 

— , purification with aromatic 
sulphonic acids, II. 304rf 
— , reaction with Millon s re- 
agent, II. 307c 
— , recovery, II. 319(2 

— resins, II. 308(2 . , . 

Phenols, carboxylic acids from, 

II. 3646 

— , chloro-, prepn., II- 
— , luminescent oxidation, i-ii* 
23c 

— , nitro-, IV. 475c 
— , — , explosives, IV. 4/oc 
— , — , formation, II. 306d 
Phenolsulphonic acids, ft. 
307a 

— , synthetic, II. 304(2 

Phenoltetrabromopht^em, 

disodium sulphonate, ff- 
118(2 


II. 
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Phenol, trinifcro-, see Picric acid. 
Phenonaphthacridine, a- and 
P-, I. 129c 

— carboxylic acid, I. 129c 
Phenonaphthacridines, I. 

129c 

Phenonaphthacridones, I. 
129d 

Phenonaphthazine, I. 664d 
PhenosEifranine, I. 571c, 5736 
Phenoxyacetic acid, 2-car- 
boxy-5-metlioxy-, II. 69c 
Phenylacridine, 2-ammo-8- 
dimetbylamino - 5 - p - di - 
metbylamino-, I. 1336, c 
■ — ,2:8 - dimethyldiamino-, I. 

I33c 

^-Phenylacrylic acid. III. 180c 
PhenyManine, 3:4-dihydroxy-, 

I. 317d ; V. 876 
Phenylarsonic acid, I. 4856 

, 3 - acetylamido - 4 - b 3 ^- 

droxy-, I. 39c, 489c 

, p-amino-, I. 486c 

, p-carbamino-, I. 487« 

— acids, diamino-, I. 4886 

, bydroxyamino-, I. 4896 

1-Phenylbenztriazole, II. 

278c 

Phenyl isobornylamine, II. 258c 

— carbylamine chloride pro- 

duction, III. I7a 

— cerotate, II. 516c 
Phenylchromone, 2- and 3-, 

V. 255a, c 

Phenylcinchoninic acid (see 
also Cinchopben), III. 178d 
Phenylcoumarin, hydroxy-, 
III. 181c 

Phenyl isocyanate, reaction 
■vvith hydrocarbons, II. 
364o 

Phenyldiazomethane, III. 
600o 

o-Phenylenediamine, I. 565c 
m-Phenylenediamine, IV. 
197c 

P-Phenylenediamine as hair 
dye, VI. I71c 

— dermatitis, VI. 1726 

— in prepn. of safranines, I. 

573a 

Phenylene-o-diazoimine, III. 
5936 

o-Phenylenediazosulphide, 
III. 593c 

0- Phenyleneureas, I. 3166 
a-Phenylethyl acetate, V. 428d 

— alcohol, V. 428d 
Phenylethylene, a-bromo-,II. 

llSd 

^-Phenylglucosidase, IV. 
283a 

Phenylglycine anilide, I. 1016 
~ from trichlorethylene, 1. 101a 
Phenylglyoxalic acid, I. 71c 
oc-Phenylguanidine, VI. llOd 

1- Phenylhydantoin, VI. 291c 
Phenylhydrazine, VI. 3006 
— , p-bromo-, VI. 301a 

— , p-chloro-, I. 1976 
— , detection and detn., VI. 
300c 

— 2:4-dinitro-, I. 197a ; VI. 
3016 

iodo-, II. 2936 
—I p-nitro-, VI. 301a 
I , reaction -vrith carbon sub- 
oxide, n. 352d 
p-sulphonic acid, VI. 300d 


Phenylhydrazones, I. 195c 
— of sugars, II. 292d 
— , reaction with maleic an- 
hydride, VI. 304a 
— , reduction, VI. 303d 
Phenylhydrindone, III. 181c 
Phenylhydroxylamine, p - 
nitro-. III. 5976 
^-Phenylhydroxylamine, VI. 
403fZ 


— , nitroso-, VI. 4046 
Phenyl - P - metbylamino - 
ethanol, Z-a-3:4-dihydr- 
oxy-, I. 145c 

Phenylmethylnitramine, tri- 
nitro-, rv. 485a 

1 - Phenyl - 3 - methyl - 5 - 
pyrazolone, I. 83d 
Phenylnitraminoethyl ni- 
trate, s-trinitro-, IV. 4886 
Phenylosazone, VI. 98c 
Phenylosazones, 2:4 - di - 
bromo-, II. 2936 
Phenyl-peri-acid, coupled 
with H-acid, IV. 2046 
p-Phenylphenacyl esters, II. 
3786 

Phenyl phosphates (see also 
Triphenyl phosphate), II. 
3076 


Phenylpropiolaldehyde ethyl- 
acetal, I. 36c 

j3-Phenylpropionic acid, j8- 
bromo-. III. 181c 
Phenylpropyl acetate in cassia 
oU, II. 418d 

2 - Phenylquinoline - 4 - car- 
boxylic acid. III. 856 
Phenyl salicylate, II. 3076 

, acetyl-p-amino-, II. 516d 

4-Phenylsemicarbazide I. 
197a ; VI. 300a 

Phenylstibine chloride, mono- 
and di-, I. 433c 

Phenylurea, di - p - carbpro - 
poxy-, IV. I6d 
Pheron, IV. 347d 
“ Philanising ” cotton, V. 
1916 

Philothion, V. 23c 
Phlobaphen, II. 91d 
Phloionic acid. III. 3666 
Phloionolic acid. III. 3666 
Phloraspin, V. 181d 
Pbloridzin, I. 4516 ; VI. 936 
Phloroglucinol from phenol, 

II. 307a 


Phloxins, rv. 31 6c 
Phocaecholic acid, a- and )3-, 
I. 6896, 690a 
Phcenicin, V. 546 
Phoenicite, phoenicocliroite. 


III. 066 

Phorbol, III. 434d 
Phormium, II. 4616 
Phormium ienax, V. 1656 
Phorone, I. 60d 
Phosgenation of dyestuff mix- 
tures, IV. 222o 

Phosgene (see also Carbonyl 
chloride), II. 321c 
— , detection and detn., II. 
322a, 685o 

— in warfare. III. 9o 
— , reaction with hydrocarbons, 
II. 364a 

— , prepn., II. 330d, 428d ; III. 
17a 

Phosphagen or _ phospho- 
creatine. III. 4156 
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Phosphatase, II. 296a ; IV. 
3146 

— , bone, II. 27d 

— in malting, II. 89a 
Phosphate, African, V. 696 
— , “ available,” detn., Ameri- 
can method, V. 81a 

— , Belgian and Somme, V. 686 
— , Cluistmas Island, V. 69c 

— coating of iron, lU. 392d 

— deficiency in grass land, VI. 

133a 

— , detn., see also Phosphoric 
acid, detn. 

— , — , colorimetric, II. 674a 
— , — , gravimetric, II. 59Sd 
— , — , micro -methods, II. 633a 
— , — , potentiometric II. 706c 
— , — , volumetric, II. 665a 
— , drop reaction, II. 5826 
— , Florida, V. 696 

— in flour, II. 79c, 81a 
— , Pacific, V. 69c 

— , precipitated, fertiliser, V. 67c 
— , reverted, detn. in super- 
phosphate, V. sod 
— , Ehenania, V. 67d 
Phosphates, Caribbean, V. 68d 
— , ground mineral, V. 69d 

— in casein paints, II. 415c 

— , mineral, detn. of Mg and A1 
in, V. 786 

— , organic, in fire extinguishers, 
II. 356c 

Phosphate, South Carolina, V. 
686 

Phosphates, qualitative re- 
actions, II. 552a, 555c7, 
557c, 572d 

Phosphate, total, detn. in 
fertilisers, V. 79d 
Phosphatic rocks for super- 
phosphate manufacture, V. 
68a 

Phosphatide of cabbage, II. 
183a 

Phospbatides, VI. 69d, 706 

— in cacao butter, II. 180a 

flour, II. 78a 

Phosphine, detection, II. 0856 

— fmnigation, V. 397fZ 
Phosphines, Brilliant, I. 132c 
— , Patent, I. 132c 

— , Pharma, I. 132d 
Phosphites, qualitative re- 
actions, II. 573a 
Phosphoamino-lipids, 

69d 

Phosphocreatine, VI. 756 
Phosphoesterases of bran. 
II. 60d 

Phosphoglyceraldehyde and 
acetaldehyde, oxido-reduc- 
tion, V. 33d 

— transformation in muscle, - 

VI. 76d 

Phosphoglyceric acid, forma- 
tion by yeast, II. 99d 

— acids in muscle or yeast, 'V. 

25a 

Phosphoglycerol, V. 25a 

— and pyruvic acid, oxido- 

reduction, V. 3 fa 
Phosphoglyceromutase, VI. 
77a 

Phosphohexomutase, V. 30d 
Phospholipins, VI. 09d 
Phosphomolybdic acid, cata- 
Ivst for acetic acid prepn., 
II. 350d 


INDEX 


Pinus ausiratis ; P. mariiima ; 
P. palusiris, I. 550a ; V. 
415c ; V. 6a 

— picca ; P. puimilio ; P. 

sabviiana ; VI. Q3d ; VI. 
2SSc ; I. Id 

— spp., turpentine and rosin 

from, III. 2945 

Pioury, Piuri, Purree, VI. 
4246 

Piperazine, I. 314c ; IV. 376c 
Piperidine, I. 315a 

— from acetylene, I. S4<7 
Piperitone, IV. 96 

— in camphor oil, II. 249c 
— , reduction, II. 426(7 
Piperylene, II. 1526, 154c 
Pisang flour, I. 618(7 
Pisolite, I. 456(7 
PistacitOj IV. 320d 

“ Pita,” I. 2616 
Pitayo, III. 128(7 
Pitchblende, II. 106o ; VI. 
154(7 

Pittacal, IV. 401a 
Pityrol, II. 60(7 
“ Pi-yu,” III. 336 
“ Pladdol A," I. 361 (, 
Plancheite, IV. Id 
Plantain fibre, I. la 
Plant analvsis, ash deln., I. 
503c ; III. 430(7 

, crude fibre in. III. 430c 

-j — protein in. III. 430c 

— , dry matter in. III. 430c 

, ether-soluble substance 

in. III. 430c 

Plant, chemical, resistant 
materials for, IV. 1306 
,, Plasmoquin," III. 1376 
" Plasfacele," II. 4806 
Plaster, boiled Keene’s, II. 
131a 

— of Paris, II. 1306, 132a': VI. 
. 160a 

- — 5 catalysts of set, II. 
131c 

Plasters, calcium sulphate, II. 
1296 

Plaster-stone, VI. 100a 
Masticisers (see also Camplior ; 
Celluloid ; Cellulose pJas- 
tics), II. 308(7, 4726; IV. 
023(7 

Plastic magnesia, II. 1366 
■flasbcs, see also Celluloid ; 
Cellulose plastics ; Eesins, 
synthetic. 

1 bituminous, I. 703c 
— , carbon in, II. 313a 
— j casein, II. 4146 
— , castor oil in, II. 422a 
—.nitrocellulose, II. 4646 
Plastohn IIP I. 361a 
■t^latmum catalyst, see Cata- 
lysis ; Catalyst; Hydro- 
genation; Pea ctions, hetero- 
geneous. 

— -chromium alloy, III. lOJa 
— detn., II. 613a, 6146 

, assay, I. 52Sc 
’ "a ^ lectrodeposition, II. 
(02a 

— . gravimetric. II. 6146 
micro-method, II. 633c 
’ 1 ’j'^olnmetric. II. 665(7 

— electrodeposition, IV. 270a 
__ m contact process, II. 423c 

Tr ,ric acid manufacture, 
■11. 424c 

Vox,. VI.— 38 


Platinum metals, separation 
and detn., II. 613a, 614a 
— , qualitative reactions, II. 
564(7,556(7, 5796 

Pleochroism of bromine. II. 
107d 

Plumbago, II. 3096, d, 313(7 
Plumbous acetylide, II. 281c 
Plumosite, IV. 591(7 
Plusinglanz, I. 466a 
Podolite, I. 449(7 
Polar and non-polar links. III. 
334a 

Polar Dynobel, IV. 556(7 
Polarisation, molecular, VI. 
4666 

Polarographic analysis, II. 
7106 

“ Polaroid," V. 696a 
Polar Samsonite No. 3, IV. 
556 

— Saxonite, IV. 556(7 
Polenske value of butter, II. 

165(7 

cacao butter, II. 1856 

Polierschiefer, III. 579c 
PoUucite, II. 195c 
Pollux, II. 195c 
Polyalkylguanidines, VI. 
146(7 

Polyanthrimides, I. 419(7 
Polychloroprene, a- and a-, 

I. 896 

Polycrase, II. 19c, 512c 
Polyenes, geometric isomerism, 

II. 151c 

Polygalritol. II. 296c 
Polyglycerol, VI. 70c 
Polymerisation,, see also in- 
dividual aldehydes. 

— , catalytic, II. 429a 
— , metal carbonyls as catalysts 
in, II. 358(7 

— of acetylene, I. 856 
olefins, II. 1536 

unsatm-ated glycerides, 

IV. 89(7 

Polyolefins (conjugated), II. 
151a 

— (non-con jugated) II. 1506 
Polyoxymethylene, a-, y- 

and e-, V. 319a _ 

— compoimds, II. 458(7 
Polypeptidases, IV. 315a, 325a 
Polyporus spp., IV. 282c 
Polyprenes, II. 154a 
Polysaccharides (see • also 

Cellulose), II. 301c 
— , chain length, II. 301(7, 45Sa 
Polystichin, V. 182a 
Polythionic acids, detn., volu- 
metric, II. 6676 
Polyuronic acid, II. 20Sa 
“ Polyzime,” V. 59c 
Polyzoa, coral from, III. 360c 
Pomace, II. 4.52c ; III. l^ld 
Pomegranate seed oil, IV. 86(7 
“ Pomelo,” VI. 1296 
Pomeranz-Fritsch svnthesis, 
VI. 18Sc 

Pomilio electrolytic cell. III. 
54a 

Pontianak Illipd nuts, II. 31(7 

— substitute, II. 119a 
Poppy seed oil, IV. 85(7 
Populin, VI. 93(7 
Populnin, VI. 94a 
Porphin, III. S2c ; VI. 164a 
Porphjrrine, I. 263c 
Porphyrin in catalase, II. 422c 
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Porphyrins, II. 206 ; III. 

82(7 ; VI. 101c 
— , identification, VI. 164a 
— , metallic dei’ivs., VI. 104a 
— , synthesis, VI. 163a 
Porphyrite, III. 32(7 
Portland blast-furnace cement, 

II. 145a 

— cement (see also Cement), II. 

140(7 

, Eisen-, II. 1156 

, setting, II. 2296 

— stone, V. 3296 
Positron, I. 542(7 

Potash, detn. in fertilisers, V. 
826 

— felspar for glassmaking, V. 

5616 

Potassium antimonvl tar- 
trate, I. 4486 

— argentocyaiiide. III. 487c 

— bariimi ferroevanide. III. 

470c 

— broinate in flour, II. 81(7 

— calcium ferroevanide. III, 

470(7 

— carbide, II. 280(7 

— carbonate for glassmaking, 

V. 561a 

— carbonyl, II. 357c 

— carbonylferroevanide. III. 

4766 

— chloride in carnallite, II. 

390a 

— chromate. III. 1106 

— cobaltinitrite, HI. 2106 

— cyanate. III. 5076 

— cyanide, III. 4816 

— , detn. as KCIO,, II. 581(7 ; 
V. 82c 

— , — , cobaltinitritemethod, V. 
S3a 

— , — in clay, III. 203c 
— , — , volumetric, II. 665(7 
— , — with PtCI,, II. 5S4c ; V. 
82(7 

— dichromate. III. 110c 
— , drop reaction, II. 3Sla 

— ferricyanide. III. 47Ga 

— ferrocyanide, III. 474(7 

— ferrous ferroevanide. III. 

471c 

— fluoborate (native), I. 560c 

— hydrogen tartrate, I. 461(7 

— hypoborate, II. 45(7 

— hypochlorite. III. 64c 

— nietasilicate in respirators, 

III. 20c 

— nitrate for gunpowder, 

4556 

— perceric carbonate, II. 510(7 
‘‘ Potassium perferricyanide,” 

III. 477c 

Potassium, qualitative re- 
actions, II. 554c, 5C0a 

— , , rare metals present, 

II. 550c, 6Cla 

— salts as accelerators in 

cements, II. 131(7 
in bush salt. II. 150(7 

— thiocarbonate in fumigants, 

II. 314a 

— thiocyanate. III. 509o 

— vanadate in carnotite, II. 

392(7 

Potato, Namara, I. 497a 
Potentiometric titration, IT. 
702(7, 70ia', 7056 

, precipitation, II. 705(7 

Pot stills, I. 1786 
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Potstone, building, II. 188a 
“Potters’ ore,” V. 415d 
Potter’s stone, 'VT!. 1606 
Pottery, colouring {see also 
Glazes and frite), II. 1946 ; 
m. 220d 

Poudre B, manufactme, IV. 
518a, 5266 

Poudres DesignoUe, IV. 4766, 
483a 

Pouring of candles, II. 265c 
Pousse, III. 127a 
Powder of AJgarotb, I. 4466, 
448a 

Powders, particle size, IV. 98a 
Pozzolanas, Pozzolanic ce- 
ments, n. 145c 
" PragmoUn," I. 736 
Praseodymium, 11. 511c 

— in ceric oxide, II. 510a 
Pratensol, III. 206c 
Pratol, III. 206a 

“ Prayer Beads,” I. 4c 
Precipitation in analysis, II. 
5436 

Precipitin of blood, II. 226 
aiZoPregnane, VI. 2776 
Prehnite, VI. 136£Z 
Prebnitene, III. 539a 
Premier jus, IV. 2536 
Preservation, food, V. 2906 
Preservatives, food, V. 296a 

— in butter {see also Food pre- 

servatives), II. 167d 
— , natural occurrence, V. 3066 

— of stone, II. 139d * 
Pressure effect on compressi- 
bility and thermal ex- 
pansion of liquids, VI. 227a 

Priceite, II. 48c ; III. 278c 
PriU, I. 5256 
Prime verase, 3146 

Primeverin, II. 3006 ; VI. 
94a 

Primeverose, II. 2986 
Priming (explosive), IV. 485a 
Primula offlcinalis ; P. spp., VI. 
Old, 94a, 230c 

— spp. enzymes, V. 4165 

, flavone from, V. 2576 

Primulaverin, 11. 3006 ; VE. 

94a 

Primulin, anthocyanin. III. 
554c 

Primuline, dye, W. 2256 
Printers ’ iron liquor, I. 55a 
Printing, cylinder, IV. 176a 
— roller, TV. 176a 

— rollers, hand-engraved, IV. 

176a 

— textiles, see Textile printing. 
Prdorite, II. 19c 
Prismatic powder, IV. 458d 
Procaine, I. 16, 369a ; II. 

346 

Procellose, 11. 442d 
Producer-gas, II. 345a ; V. 
367c 

, ammonia recoverv, V. 

373d: 

blowers, V. 373a 

, cleaning and cooling, V. 

373a, 374d, 377a 

grates and plant, V. 369b 

in anunonia production, 

II. 424a 

Producers, gas-, revolving, V. 
370d 

Proflavine, antiseptic, 1. 134a ; 
rV. 306 


INDEX 

Progesterone, VI. 272c, 273a, 
2746 

Progressive binning powders, 

IV. 527a 

Prolamines, rice, II. 4936 
Prolan A, Prolan B, VI. 206d 
Proline, I. 886c 
Prometbee, IV. .545c 
“ Prominal,’’ I. 623a 
Promoter action, VI. 259a, 
355c 

Promoters (flotation process), 

V. 263d 

Proof spirit, sp.gr. and defini- 
tion, I. 186a, 187a 
Propaesine, I. 3696 
Propane, heptachloro-, II. 3216 
cyc/oPropane. ansesthetic, I. 
367d 

Propenal, I. 136a 
cycZoPropene, HI. 533a 
Propene acid, I. 137a 

ay-dicarboxylic acid, VI. 306 

p-Propenylanisole, I. 371c 
Propenylbenzene, 3-methoxy- 
4-hydroxy-, IV. 397d 
Propiolaldebyde ethvlacetal, 

I. 366 

Propiolic acid from acetylene, 

I. 85a 

Propionates, qualitative re- 
action, II. 569d 

Propionic acid, a-amino-, I. 
172d 

, j3-amino-, I. 175a 

, a-amino-)3-thiol-. III. 

541a 

, j3 - disulphido - a - amino, 

III. 540a 

Propionitrile, IV. 360a 
“ Proponal," I. 623a 
Propulsive strength test, IV. 
244c 

Propylacetal, I. 36a 
Propylacetoacetic acid, ethyl 
ester, I. 64c 

rsoPropylacetoacetic acid, 
etliyl ester, I. 64c 
isoPropyl alcobol production, 

II. 426d 

4-Propylaniline, III. 458a 
Propylbenzene, n- and iso-, 

III. 456a 

Propyl carbinol, II. 1696 
Propylcupreine, HI. 1616 
isoPropylcupreine, HI. 161c 
Propylene, y-bromo-, I. 257d 

— dichloride, I. 258a 

— from acetylene, I. 84d 
carbon suboxide, H. 352d 

— oxide, y-chloro-, IV. 3196 
rsoPropyletbylene, I. 364d 
n-Propylformal, I. 346 
isoPropylformal, I. 346 
isoPropylbydrocupreine hy- 
drochloride, HI. 127d 

2-n-Propylpiperidine, IH. 

325c _ 

Proscillaridin A, H. 387a ; 

VI. 946 

Prosol, II. 4856 
Prostigmine, II. 200d 
Protalnulin, I. 197d 
Protaminase, 315a 
“ Protargol" antiseptic, IV. 26a 
Protease, II. 495d ; IV. 3136 
Protection of metals against 
corrosion, IH. 366c, 385c 
, paint and allied coat- 
ings for, HI. 3936 


“ Protective alkali,” VI. 104d 
Protective colloids, HI. 2S7a 

— films on metals. III. 373c, 

3796, 392a 

“Protedyl” antiseptic, IV. 25(7 
Proteinase, II. 88c 
Proteinases, TV. 315a 
Protein, Bence-Jones, and bone 
disease, II. 2Ba 
— , casein, II. 4126 

— in (^talase, II. 422c 
Proteins in feeding stuffs, IV. 

592a, 601d 

— molecular weight, IH. 2906 
— , rice, H. 4936 
Prothrombin in blood, II. 22c 
Protoactinium, I. 139c 
Protocatecbuic acid, action of 
arsenic acid on, II. 439a 

from brazilin, II. 68(7 

butin, H. 158a 

Protocurarine, III. 4606 
Frotocuridine and proto- . 

curine, IH. 4606 
Protobcemin, VI. 161(7 
— , synthesis, VI. 163o 
Protol process, V. 246 
Protoparafiin, II. 506(7 
Protopine, II. 527(7 ; V. 388(7 
Protoporphyrin, VI. 161(7 
— , relation to haemin, VI. 161(7 
Proto quinamicine, HI. 168(7 
Prototropic changes, VI. 256c 
Protoveratrine, VI. 200(7 
Provitamin D, H. 201(7 
Prulaurasin, I. 358a ; VI. 
946 


Prunase, TV. 283a 
Prunasin, I. 358a ; VI. 946 
Prunetin, IV. 1896 ; V. 259d 
Prunetol or genistein, V. 259(7 
Prunetrin, IV. 1896 ; V. 259(7 
Prunicyanin, I. 449a ; VI. 90a 
Prunus aviygdaUs var. amara, 
var. didcis, I. 259c, 260a 

— spp., I. 452(7 ; III. 556c ; VI. 

866, 946, 95a, d 
Przibramite, VI. 101a 
Pseudaconitine, I. 123a 
Pseudo-acids, Vl. 256a 

bases, VI. 256a_ _ ^ 

Pseudocbalcedonite. II. 51 (6 
Pseudocorycavine, III. 402c 
Psicaine, I. 369a ; HI. 225(7 
Psittacinite, III. 5606 
Psoralene, V. 171o 
Psycbotrine. IV. 28la 

— o-methyl ether, TV. 281a 
Psycbrometer, Assmann, VI. 

285(7 

— , sling, VI. 285(7 
— , whirling, VI. 285(7 
Ptycbotis oU. I. 172a 
Puberulic acid, V. 56 
Pucberite, I. 694a 
Pulas, II. 157(7 
isoPuIegoI. III. 192(7 

— acetate, III. 1926 ‘ 

Pul Erich photometer. 111. oOia 
Pulp conditioners, V. 265(7 
Pulque, I. 165a 

Pulvis algaroihi, I. 448a 

— angelicus, I. 448a 

— Carthusianonivi, I. 446c 


□nice, I. 4c -r rn~ 

mps, high vacuum. III. 60oa 
measuring, for rayon spin- 
ning, V. 116(7, 119a. 123c 
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Punicic acid, IV. 25Sa 
Punicin, VI. 94b 
Purging nut oil, III. 460c 
Pitrine, II. 1986 
— , 6-amino-, I. 1416 ; II. 19Sa 
— , 2:6-diliydroxy-, II. 1986 
— , 6-hydroxy-, II. 1986 
Purines in nucleotides, II. 
2876 

Purple, Caledon Brilliant, 4B, 

I. 4246, 429d 

— copper-ore, II. 32d 

— of Cassius, II. 419c; V. 

513c ; VI. 1226 

the Ancients, VI. 452c 

“ Purple, Perkin’s,” I. 577c 
Purple, Soledon, 2B, I. 4296 
— , Thiazole, III. 514d, 618c 
— , Tyrian, I. 577c ; II. 107d! ; 
VI. 452c 

Purpurea glycoside A, B, VI. 
Q4& c 

Purpurin, I. 206a, 212d, 223d, 
402c 

isoPxxrpurin, see Anthrapur- 
purin. 

Purpurinamide, I. 2246 
Purpurin-S-carboxylic acid, 
V. 415c 

— , 3-chloro-, I. 2246 

3:8-disulphonic acid, I. 2246 

3-monosulphonic acid, I. 

3906 

— , 3-nitro-, 1. 392d 

— triacetate, I. 2246 
Purpuroxanthin, I. 212d, 220c 
— , dichloro-, I. 224c 
Purrenone, purrone, VI. 424c 
Putrescine, II. 178c ; IV. 331d 
“ Pyoktanin," I. 548d ; IV. 306 
Pyraconine, I. 121c 
Pyraconitine, I. 121c, 122a ' 

” Pyralin,”'!!. 4436, 4806 
“ Pyramidone,” I. 305a ; VI. 
300d: 

Pyranose sugars, II. 282d 
Pyrhntliridone, I. 400a 
Pyranthrone, discovery, syn- 
thesis, I. 413c, 426d 

— dyes, I. 205c, 399c, 419(i 
Pyrargyrite, I. 430d 
Pyrazine, I. 5646, d 
Psrrazoleanthrone, I. 409d 
Pyrazolediazoniimi salts. III. 

592a 

“ Pyricit " disinfectant, IV. 22fi 
Pyridinearsonic acids, I. 490a 
Pyridine as insecticide, IV. 316 

^8-carboxydiethylamide, II. 

2036 

— complexes with catechol, II. 

II. 431a 

3:4-dicarhoxylic acid. III. 

127d 

— in fumigants, II. 344a 

— , recovery from carbolic acid, 
II. 3046 

— , reduction, II. 4276 
2:2'- and 2:4'-Pyridocarbo- 
cyanines, III. 522a 
2-Pyridone-5-arsomc acid, 
sodium salt, I. 4906 
l:3-Pyrimidinetetrone, I. 
243d 

Pyrite, IV. 279d 
Pyrites gases, puriOcation, II. 
423c 

" Pyrobor,” V. 559d 
P 3 ?roboric acid, II. 47a, d 
Pyrocalciferol, II. 202o 


isoPyrocalciferol, II; 202a 
Pyrocatechol, I. 56Sd ; II. 
429c 

— from phenol, II. 307a ■ 

— , methyl cetyl ether, II. 510(Z 
Pyrocblore, III. 310a 
Pyrogallol, antiseptic, IV. 29c 

— methyl ether, oxidation, II. 

440d 

— monoacetate, IV. 3946 

— , qualitative reactions, II. 
570c 

— , reagent, II. 678a 
Pyroglycerin, IV. 491d 
Pyroindaconitine, I. 123a 
Pyroligneous acid, preserva- 
tive, V. 297a 

, production, 1. 486 ; II. 

310d 

Pyromellitic acid from char- 
coal, II. 310c 

Pyrometers, colour bright- 
ness, V. 2416 
Pyromucic acid, V. 401c 

— aldehyde, V. 400c 
Pyrope, V. 4296 
Pyrophorus, Homherg’s, I. 

296a 

Pyropbyllite, I. 162c ; III. 
196a 

Pyropseudaconitine, I. 1236 
Pyrortbite. II. 5126 
” PyrosaU" I. 736 
Pyrotacbysterol, II. 202a 
Pyroxylin lacquers, II. 467d 
Pyrroaatioporpbyrin, III. 82d 
Pyrroles, formation from 
chlorophyll, III. 836 
Pyrrolidine, I. 315a 
Z-Pyrr olidone - 2 - carb oxylic 
acid, VI. 336 

Pyrroporpbyrin, III. 82d 
pyruvic acid in muscle, VI. 76c 

from cereals, II. 4876 

moulds, V. sod 

yeast, II. 996 


Q 

Quacabault, III. 230d 
Quadridentate groups, III. 
329d 

Quartz, I. 4c 
— glass, V. 605d 
Quartzine, II. 5176 
Quartzite, I. 4c 
Quartz-rock, I. 4c 
Quebracbitol, VI. 494c, 495d 
“Queensland arrowroot,” I. 
4686 

Quercetagetin, I. 1616 
Quercetagetinic acid, 161c 
Quercetin, III. 405a 
— , occmrence, I. 499a ; II. 

120c, 234d, 4346 
Quercimeritrin, III. 400o ; 
VI. 94c 

zsoQuercimeritrin, VI. 94c 
Quercine, III. 2446 
Quercinitol, VI. 495d 
Quercitin, see Quercetin. 
Quercitol, d-, and l~, VI. 496a, 6 
Quercitrin, isoquercitrin. III. 

405o, 406c ; VI. 94c 
Quercitron bark. III. 405a ; 
IV. 126c 

Quercus ccgilops, IV. 276d ; V. 
417a 
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Quercus spp., cork from, III. 
3656 

, galls from, V. 425n, 426n 

— iincioria, VI. 94c 
Quicksands, explanation. III. 

2926 

Quillaia saponaria, VI. 94d 
Quillaia-saponin, VI. 04d 
“ Quina,” III. 1726 
Quinaldine from acetylene, 1. 
84c 

Quinaldinic acid, reagent, II. 
583c 

Quinalizarin, prepn., I. 213a, 
402c 

— , properties, I. 2206 
Quinamicine, III. 168d 
Quinamidine, III. 168d 
Quinamine, III. 128a, lOOc, 
168c 

apoQuinamine, III. 169a 
Quinzsoamyline, III. 101c 
“ Quinaphenin,” III. 33a 
Quinazocarbocyanine, III. 
523a 

Quinene, III. 1386, 177d ' 
Quinethyline, III. 1016 
Quinetum, III. 16Pa 
Quinic acid, III. 79d 
Quinicine, III. 128a, 170d 
Quinidine, III. 128a, 152c, 
1696 

— , acetyl-. III. 1706 
a-isoQuinidine, III. 170d 
isoapoQuinidine, III. 170d, 
17Ic 

neozsoQuinidire, III. 171a 
Quininal, III. 140a, 178a 
Quinine, III. 128a. 1726 
— , acetyl-. III. 174c 
— , benzoyl-, III. 174c 
— , a-bromohydro-. III. 1756 

— carbophenetidinc. III. 33a 

— diethylbarbituratc. III. 33a 

— ethyl carbonate, iV. 401d 

— formate, III. 33d 

— idiosyncrasy. III. 170a 

— urea. III. 1376 

— urethane. III. 1376 
ept’Quinine, III. 128a 
isoQuinine, III. 173a, 175d 
zsoapoQuinine, III. 176d 
psetzdoQuinine, III. 175d 
Quininic acid. III. 138a, 144a, 

1786 

, synthesis. III. 144a 

Quininone, III. 1386, 177c 
" Quinisal,” III. 174a 
“Quinisan,” III. 174a 
Quinizarin, I. 212d, 220d, 

402c 

— , dibromo-, I. 221c 
— , 5:6-dichloro-, I. 22 Id 
— , 5:8- and G:7-dichloro-, 1. 
221d 

— , 2-nitro-, I. 221c, 392c 
— , relationships, I. 200c 
2-sulphonic acid, I. 221c, 

“ Quinodine,’’ III. lOlzZ 
“ Quinoform,” III. 174a 
“ Quinoidine,” III. 102a, ICOc, 
178d 

Quinol, VI. 399a 
4-carboxylic .acid, VI. 2G2a 

— dimethyl ether, IV. 6d 
— , hydroxy-, VI. 404d 
Quinoline, 8-hydroxy-, rC: 

agent, see Oxine. 

— , — , salicylic ester, 1. 171d 
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Quinolinestilplioiiic acid, 
iodo-hydroxy-, ill. 33d 

iodoxy-, I. 370a 

Qumoline-B-siilphonic acid, 
8-hydroxy-, III. 33d 
Quinones, compounds -mih 
maleic anhydride, II. 1535 
Quinonoid theorv of colour, 
ni. 308d 

— structure, o- and p-, I. 570c7 
Quinoplian, III. 85cr 
"Quinosol," in. 33d 
Quinotoxine, III. 128a, 176d 
“ Quinotropin," III. 33d 
Quinovatine, III. 151c 
Quinovose, II. 287c ; W. 321a 
Quinoxalines, T. 3105, 563d, 
.565c 

— , diamino-, I. 3165 
— , dihydroxy-, I. 3105 
Quinisopropyline, III. 1015 
Quinuciidine, III. Idld 
Quitenidine, III. 139d, 1725 
Quitenine, III. 34o, 130d, 

178a 

“ Quitenol,” III. 1785 


R 

Racemisation, rate, VI. 2575 
Rackarock and rackarock 
special, IV. 4655, 545c 
Radium in camotite, II. 303a 
Radix liquiriiicB, VI. 015 

— sarsaparilla:, VI. 95c 
Raffia, V. 1685 
Raffinase, V. 9d 
Raffinose, II. 2825, 301c 
— , colour reaction, II. 3005 

— , hydrolysis, II. 299c ; VI. 
395c 

Ra^, II. 482d, 488d 
Raies ultimes, II. COOa 
Raisin-seed oil, R.-pip oil, VI. 
130c 

Ramie (China grass). II. 4616; 
III. 31c ; V. 1635 

— fibres, X-ray diagram, IL 

301c 

Ramsden’s membranes, IV. 
285a 

Randannite, III. 578d 
“ Raney nickel,” ^’T. 181d 
Raoult’s law of vapour pres- 
sures, IV. 3Gc, 47d, 485 
Raphia spp., V. 168a 
“ Rapid fast ” colours in azoic 
dyes, IV. 233a 

“ Rapidogen ” azoic dves, IV, 
2335 

Raseneisenstein, II. 26a 
Rasorite, II. 40a, 49a 
— , borax manufacture from, II. 
49a 

Rast freezing-point method, 
m. 443c 
Rat£, I. 4c 

Rats, fumigation against, V. 

394c, 395a , 

Ravenelin, V, 55d 
X'-Ray contrast media, I. 4c ; 
VI. 464a 

— photography, II. 4515 
Rayon {see also Artificial silk), 

V. 112a, 114a 
— , animalised, IV. 125c 

— cake treatment, V. 121a 

— , cellulose acetate, II. 464d : 
V. 1135 


Rayon, Cliardonnet nitrate, 
II. 4045 ; V. 113a, 114d 
— , continuous production, V. 
120d 

— ci-ei;e fabrics, V. 12 Id - 

— , delustring or matting, V. 
202a 

— dyeing, IV. 124c, 137c 
— , printing on, IV. 187d 
Rayons, brealdng strength and 

extensibility, V. 130c 

— coloured in the spinning 

mass, IV. 1395 
— , elasticity, V. 132c 

— fixing acid dyes, V. 12Sc 
— , identification, V, 1335 
Rayon spinning derices, V. 

llOd, 117a, llOa, 123c 

— staple fibres, IV. 125a ; V. 

113c, 127c, 131d 
Rayons, stretch spinning, see 
Stretch-spinning of rayon. 
— , structure, V. I28c, 130a 
— , wet strength, V. 131a 
Rayon, viscose, chain length, 
- II. sold 

■ — with reduced lustre, V. 128c 

— yarns, continuous filament. 

V. 1126 

Reaction, see also Catalysis ; 
Catalysts ; Esterification, 
cataWic; Reactions, hetero- 
geneous. 

Reaction energies. hetero- 
genous and homogeneous, 
compared, VI. 2125 

— kinetics, II. 533a 
Reactions, exchange, VI. 210d 
— , heterogeneous {sec also Ad- 
sorption ; Catalysis ; Hy- 
drogenation), VI, 2075 

— , — , activated adsorption in, 

VI. 2146 

— , — , activation energy, VI. 
2105, 2135 

— , — and homogenous, com- 
pared, VI, 211d 

— , — , at gas-liquid interfaces, 
VI. 219c 

— , — , — liquid-liquid inter- 

faces, VI. 2225 

— , — , — solid-liquid inter- 

faces, VI. 2155, 217a 
— , — , — solid-solid interfaces, 
VI. 2235 

— , — , — the interface, VI. 
221c 

— , — , base-exchange, VI. 2186, 
219a 

— , — , capacity, VI. 219a 

— , — , bimolecular processes, 
VI. 209a, 212o 

— , — , catalysts, massive and 
colloidal, VI. 210c 
— — , chemisorption, VI. 2145 
— , — , distribution equilibria, 
VI. 2225 

— , — , induction period, VI. 
2235 

— , — , inhomogeneity of sur- 
faces, VI. 2115 

— , — , kinetic velocities, VI. 
2i4a 

— , — , liquid phase, VT. 222c 
— , — ; mineral exchangers, VI. 
2196 

— — , of isotopic molecules, 

VI, 21.3d 

— . — , rate-controlling pro- 

cesses, VI. 215c, 216d 


Reactions, heterogeneous, on 
saturated surfaces, V. 21Ia 
— , — , order, VI, 2105 
— , — , temperature coefficient 
{see also Reaction velodtv), 
VI, 2105 • ' 

— , — , tunnel effect, VI, 214c 
— , — , imimolecular, VI. 2fJSa, 
210a 

— , — , velocities (see also Re- 
action velocity), VI. 2136 
— , — . zero-point ' energy, II, 
214c 


— , high pressure, VI. 226c 

— , polymerisations in, 

VI. 229d 

— , , velocity constants, 

n. 2285 

Reaction, spontaneous, VI, 
242c, 255d 

— velocity, bimolecular {see 
also Reactions, hetero- 

geneous), II. 532c 

, temperatme effect {see 

also Reactions, hetero- 

geneous), II. 538a 

, trimolecular, II. 533a 

, unimolecular, II. 530a 

Realgar, I, 46Sc 
“ Rectidon,” I. 623a 
Red, Algol. BTX, FF, I. 420c, 
232d 


— , Alizarin, I. 20Ga 

WS, 3WS, I. 229d, 

2305 


— , Antimony, I. 439d 
— , Archil, IV. 207o 

— argol, I. 461d 

— bark (cinchona), HI. 128d 
— , cacao, U. 188a 

— , Cadmiiun, II. 1945 
— , Caledon, BX, FF, oG, X5B, 
I, 4175, 4165 
— , — , GG, I. 4276 
— , CeUiton Fast, R, I, 42a 
— , — , R, I, 415 
— , Chica, I. 381d ; 11. 275c i 
III. 285 

— , Chinese, I, 550a ; III. 1135 ; 
VI. 125 


— , Chrome, IH. 113a 
— , Ciba Lake, B, VI. 451a 
— , Cibanone, 4B, I. 417a 
— , Cobalt, III. 219c 
— , Congo, IV. 125, 1925, 217c 
— , — , indicator, II. 639d 
— Derby, I. 550a ; IH. 1136 
— , Dispersol Fast, E, I. 41a, 
42a 

Reddle, VI. 161c 
Red. Erweco Acid Alizarin, BS, 
I. 230a 

— , Ethyl, HI. 5155 

Indanthrene, BX, G and E, 
I. 3965, 414c, 4005, 420a 


— , lonamine, EA, I. 40c 

— iron-froth, VI. 1 61a 

— liquor, I. 54a, 292d 

— , 3Iagdala, I. 573d, 577a 
—, Xeutral, I. 569c 
— , Xitrosamine, IH. 5975 

— oil, VI. 1355 
-, Para, IV. 192d 

— , Peach wood-, II. 74c 
— , Persian, HI. 1135 
ledruthite, II. 517d 
led, Sensitol, IH. 510c 

— silver ore, I. 439d 

— , Solway Eubinol, E, I- 406a 
— stringy-bark, IV- 391a 
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Red. Toluylene, I. 569a 
— , Turkey, calico printing, 1. 

203c ; IV, 181c, 184d 
Reductase, V. 23c 
Red, Victoria, III. 1136 

— Violet, Caledon, 2IIN, RRN, 

I. 4176, d 

— ware, VI. 86 

— Water bark, IV. 335ci 
Refection, vitamin-R, I. 584d 
Reformatsky reaction, II. 3666 
Refraction and dispersion 

formuloR, V. 546a, QOld 
Refractive index of gases, II. 
6876 

Refractories, catalytic action 
on methane, II. 349(i 
Refractory, carborundum as, 

II. 360c 

Refrax, II. 361a 
Refrigerant, carbon dioxide as, 
II, 326c 

Refrigerants, II. 1736 
“ Regipyrin," I. 517d! 

Regulus (copper-), sec Matte. 

— of Venus (antimony), I. 446a 
Reichardtite, IV. 3216 
Reichert-Meissl value of 

butter, II. 165a 

— cacao butter, II. 

1856 

Reinecke’s salt, III. 1166 
Reinsch test, I. 4716 
Reiss test, IV. 547d 
“ Renalina" I. U7d 
Rennet precipitation, II. 413a, 
525d 

Rennin, IV, 315d - ' 

Reppmann test, I. 471c 
Resacetopbenone, II. 1586 ; 
VI. 399d 

Reserve styles in textile print- 
ing, IV. 183d ' 

Resin, Higbgate, VI. 226c 
— , Indian hemp, VI. 422c 
Resins, synthetic, acetalde- 
hyde, I. 29o 

— , — , acetylene derivs., I. 87c 
— , — , w-cresol. III. 427d 
— , — , fibres, V, 1136, 124d 
— , — , formaldehyde-phenol, I. 
la ; V. 3226 

— , — , in base - exchange re- 
actions, VI. 2186 
— , — , — lacquers, II. 472d 
— -j — , — photographic film, 
II. 448a 

— , — , urea-formaldehyde, II. 
4776 

— , — , vinyl derivs., I. 87c, 
90c, 93c 

Resin test, I. 181a 
Resist styles in textile printing, 

IV. 183d 

Resonance hybrid, VI. 257a 

— of hydrogen, IV. 274c 
Resorcinol, antiseptic, IV. 29c 

colour reaction 'with pen- 
toses, II, 2876 

— from brazilin, II. 68d 

butin, II. 158a 

phenol, IT. 307o 

— , reaction with caramel, II. 
277a 

— , trinitro-, IV. 5426 
— , — , lead salt, IV. 542c 
Resorcinyl monoacetate, R". 
401d 

)3-Resorcylic acid from hrazi- 
lein, II. 69a 


Respirators, HI, 18o 
— , charcoal in, II. 3206 
— , industrial. III. 19d 
Respiratory ferment, iron in, 
II. 422c 

Retene, I. Id, 26 ; II. 2616'; 

V. 169d 

— , hydro-deiivs., I, Id, 2c 
Retentivity of charcoal, II. 
318a 

Reticulin, VI. 216 
Retonation in gaseous ex- 
plosions, IV. 434d 
Retort carbon, V. 453a 
Retting, dew, tank, water, and 
chemical, V. 159d 
— . of linen, II. Ila 
Reuniol, III. 192c ; V. 6196 
Revdanskite, V. 430a 
Revertose, II. 299a 
Rhamnase, II. 299d ; IV. 3146 
Rhamnazin, VI. 94d 
Rhamnetin, I. I62a ; II.- 120c 
is oRhainnetin, I. 499o; III. 

- 206a 

Rhamnicoside, VI. 94d 
Rhamnicosin, sugar in, II. 
3006 

Rhamninose, II. 3016 
Rhamnocathartin, II. 120c 
Rhamnol, II. 41 la 
Rhamnose in cardiac gly- 
cosides, II. 381c 
/-Rhamnose, 11. 287c 
Rhamnosides in Cascam 
sagrada, II. 410d 
Rhamnoxanthol, II. 120c 
Rhamnus alaternus, R. infec- 
iorhis, R. japonica, I. 559d, 
560a ; VI. 96c, 98a 

— catharticus, III, 5566 ; VI. 

94d 

— frangula, I. 198a ; V, 328d ; 

VI. 88a 

Rhatanine, I. 371d ; V. 517a 
Rhea (see also Ramie), III. 31e ; 
V. 103c 

Rhein, I. 225d 

Rhenium, detn., gravimetric, 
11. 610d 

— , — , volumetric, II. 665d 
— , qualitative reactions, II. 

554d, 5596, 577d 
Rheonine, I. 1336 
Rheopexy, III. 292a 
Rheum emodi, eugenol from, 

IV. 394d 

Rhinanthin, I. 547c 
Rhizocaline, VI. 138c 
Rhizopus spp. in fermentations, 

V. 506, 51a 
Rhodallin, I. 2596 
.Rhodanilic acid, I. 3196 
Rhodeose, rhodeitol, II. 287c ; 

V. 330c 

“ Rhodiaseta ” rayon, I. 39c 
Rhod^al, III. 191c 
Rhodine, III. 77a 
Rhodinol, III. 192c ; V. 5196 
Rhodites roses, V. 420c 
Rhodium, detn., electrodepo- 
sition, II. 702a 
— , — , gravimetric, II. 614c 
— , electrodeposition, IV. 2096 
— , qualitative reactions, II. 

55-ld, 556d, 500c, .57Sc 
Rhodizite, I. 26 id, 0856 
Rhodoid, II. 4806 
Rhodolite, V. 420r 
Rhodophane, II. 4806 


Rhodophyceae, I. 2006 
Rhodoporphyrin, III. 82d 
Rhodoviolascin, II. 401d 
Rhodoxanthin, II. 401a 
Rhodymenia palmata, I. 1906, 
200c ; VI. 88a 

Rhus cotmus, R. spx>., VI. 
886, 926 

— glabra, R. semialata, V. 420c ; 

VI. 96d 

Ribes grossidaria, R. spp., III. 
461c ; VI, 124d 

— sanguineum, I. 449a 
d-Rihodesose, in nucleic acids, 

II, 2886 

Ribose in carnine, II, 391a 
d-Rihose, II. 2876 
Rice, II. 489c 
— , hulling, II, 490c 
— , silver husk, s. skin, II. 503c 
Ricin, II, 4206 
Ricinine, II. 4206 
Ricinoleic acid, glycerides, II. 
421a 

— ; in ergot, IV. 331c 

Ricinus communis, IV. 87a 
Rideal-Walker coefficient, IV. 
32a 

Riebeckite, I. 499d 
Riffle sampler, I. 51Sd 
Rifleite, IV. 530a 
Rigan colours, IV. 234a 
Rigmel process, V. 193d 
Ring frame spinning, V. -1506 
Rionite, IV. 590d 
Ripeness of dough, II. 756 
Ritter-Kellner pulp, II. 401d 
“Rivanol,” I. 134a 
Robinia pscudacacia, I. 11c, 
126; III. 556a; VI, 94d, 
96c' 

Robinin, III. 550c ; VI. 04d 
Robinose, II. 3016 
Robinoside, VI. 94d 
Robison ester, V. 22a 
Rocella, III. 45Ca ' 

Rochette process, I. 2686 
Rock analysis, alkalis in, II. 
585e 

“ Rockingham ” pottery, VI. 
86 

Rock-salt, I. 500d ; VI. 1736 
in experiments on radi- 
ant heat, VI. 173c 
” Rodiaseta," see “ Rhodiasifa,” 
Roirant suction machine for 
glassware, V. 587 
Romanite, I. 302d 
“ Rongalite C,” V. 320c 
“ Rongalite special," I, 575d 
Root crops. III. 432a 

— knot, V. 139a 
Rosa grass oil, V. 51 7o 
Rose Bengale, IV. 31Cc 

— -geranium oil, V. 519a 
Roseol, III. 192c 
Rose-ore, V. 5l9c 
Rose’s metal, I. 098c 
Rosin, I. 3c ; III. 2946 

— in lacquers, II. 409d 
Rosinduline, I. 5706 
isoRosinduline, I. 575d 
Rosolane, I. 577c 
Rosterite, I. 084c 
Rotenone, III. 5596 
Rotherham test, IV. 553d, 

Rot steeping, in cotton bleach 
ing, II. 56 

Rouge flamb4, VI. 126 
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Roumanite, L 302<Z 
RR alloys, I. 2526, 277a 
Ruljaae, III. 146a 
Rubanol, III. 146c 
Rul)anone, III. 1466 
Rubatoxane, III. 146a 
Rubatoxanone, III. 1466 
Riibber, carbon disulphide sol- 
vent, II. 342c 
— , carbon in, II. 313a 
— , colouring, II. 1946 
— , electrodeposition, IV. 272d 

— in casein agglomerates, II. 

4156 

— latex, IV. 301c 

— seed oil, IV. 86c 

— substitutes (see also Chloro- 

prene, Pupiene, Sovo- 
prene), I. 93c 

, use of candlenut oil in, 

II. 263a 

— , synthetic, I. 306 ; II. 153d 
Ruberytbric acid, V. 416c ; 
VI. 94d 

in chay root, II, 523d 

Rubiadin, V. 415d 

— primeveroside, V. 416c 
Rubia-tinctorum, R. spp., II, 

2336 ; VI. 41,5c 

Rubichloric acid in chay root, 
II. 523d 

Rubidium as trace element, I. 
.510a 

— , detn., gravimetrio, II. 585a 

— in camallite, II, 390a 

— , qualitative reactions, II, 
.550c, 504a, 560a 
Rubies, artificial. III, 3996 ; 
V. Slid 

— , imitation, V. 513d 
— , reconstructed, V. 511d 
R^^bi]e^viIl 0 , VI. 200c 
Rubinic acid, II, 4386 
Rubin nmnber. III. 287c 
Rubixanthin, II. 399c 
Rubreserine, II. 1996 
Rubrobrassicin, II, 1836 
Rubrocyanine, III. 517c 
Rubus fruticoms, II. la, 119a 
Ruby, I, 246c ; III. 398d 
— , chromium in. III. 966 
Riibyl chloride. III. 146c 
“ Ruby, Oriental,” V. 513d 
“ Ruby, Siberian,” V. 513d 
Ruddle, VI. 161a 
Rudge tube in bleaching 
powder production. III. 
02a 

Rufianic acid, I. 457c 
Rufi-condensation, I. 400d 
Rufigallic acid, see Rufigallol, 
Ruflgallol, I. 213a, 227c 
Rufiopin, I. 213a, 2266 
Rumanit, I. 302d 
Rumpff acid, I. 658c 
Rust, black, V, 139a 
Rusting of iron. III. 3716, 382a, 
3936 

Rutgeca^ine, IV, 415c 
Ruthenium carbonyl, II. 357a 
— , detn., II. 013c 

— qualitative reactions, II, 

55 Id, 556d, 5786 
Rutile, I. 370a ; II. 3936 ; IV, 
279d 

Rutin, VI. 95a, 98a 
— , sugar in, II. 300c 
Rutinose, II. 2986, ,300c ; III, 
549d 

” Rutonal,” I. 023a 


Sabanejev’s base, I. 1016 
Sabaphosphines &, GO, 1. 132d 
Sabatier and Senderen’s pro- 
cess, VI. 177d 

Sabinene in cardamoms, II, 
381a 

Sabinol, carvenol from, II. 
4043 


Sabulite, IV. 4646, 556a 
Saccharic acid, II, 285c, 298a 
Saccharin, antiseptic action, 
IV. 28d 

Saccharomyces cerevisce, II. 97a 

— ellipaoideus for glycerin pro- 

duction, VI. 41c 

— spp., effect on fusel oil com- 

position, V. 407c 

— theobroma. III. 231c 
Safflower oil, IV. 866 
Saffron, components. III, 428c 
Safranine, I. 5706 

— B, T, I. 5736, 576d 
Safranines, apo- and iso-, I. 

564a 

Safranols, 1. 570c 
Safranone, I. 571a 
Safrole in camphor oil, II. 2496 
Sagalnichi reaction, VI, 1466 
Sail cloth, V. 195d 
St, Gobain method, V. 766 
St, Helen’s Powder, I. 326c 
“ St, John’s bread,” I. 658d 
Salrd fermentation, V. 596 
Sakuranin, VI. 95a 
” Salacetol," I. 517d 
Salad oil, IV. 252c 
Sal ammoniac, I. 351d 
” Salaspin," I. 517d 
” Salbromin," 11. 1186 
” Salcetin,” I. 517d 
Salep-mannan, II. 302d 
Salicin, VI. 95a 
Salicinerin, VI, 93c 
Salicylaldehyde in cassia oil, 
II. 418d 


— , oxidation, II. 430c 
Salicylaldoxime, II. 5866 
Salicylates, qualitative re- 
actions, II. 5706 
Salicylic acid, acetyl-, I. 119d, 
517d 

, — , calcium salt, I. 370a, 

517d 

, antiseptic, IV. 28d 

formation, II. 3646 

, — , from phenol, II. 307a 

in butter, II. 168a 

food, detection and 

detn., V. 303c 

, a-naphthyl ester, I. 262d 

production, II. 326a 

, salicoyl-, 1^. 16c 

, synthesis, II, 3646 

Salinigrin, VI. 93c 
Salireposide, VI. 956 
Salix einerea, S. helix, VI. 
93d, 95a 

Salmenic acid, I. 532c 
“ Salmester," IV. 3336 
Salmine, I. 459c 
Salmon oil, V. 22Da 
Salol, II. 3076 ; IV. 29a 
” Salophen," II. 516d ; IV. 29a 
Sal eedalivum, II. 34d 
Salsola kali, S, soda, II. 3a ; 
I. 630d 

Salsolino, methylation, II. 
390d 


Salt as preservative, V, 302c 
Saltcake for glassma^g, T 
560c 

Salt dyes, R’’. 127a 
— effect in catalysed reactions. 
VI. 2436 


, primary and secondary, 

VI, 2466, 247a, 394d, 39G4 
Salting out. III. 2866 
Saltpetre, II. 2d 
“ Saltpetre rot,” II, 222c 
Salts, effect on concrete, II. 
1486 

“ Salufer ” disinfectant, IV. 224 
“ Salvarsan 606 ” I. 468c, 4806, 
4916 

Salvia hispanica, S. patens, S. 
splendens, IV. 886 ; III. 
553d ; VI, 92a 
Salvianin, VI. 92a 
Sal-volatile, I. 351c 
Samarium, II. 511c 
SamarsMte, TI. 511d ; lY. 
245c, 321c 

Sambucicyanin, IV, 260a 
Sambucin, IV. 260a ; VI. 956 
Sambucine, IV. 2606 
Sambucus nigra, S. spp., VI. 
956 ; IV. 259d 

Sambunigrin, T. 358a ; IV. 

2606 ; VI, 956 
Samiresite,- 1, 685c 
Samite, I. 4a 
Sammetblende, VI. 101a 
Sammeterz, VT. 101a 
Samna, II. 108c 
Sampling for analysis, I. 5186 j 
II. 541d 


Samsonite, IV. 554c 
Samsu, II. 496a 
Sanchez - Velio glass jLube 
drawing machine, V. 5894, 
591a 

Sandalwood oil, II. 1884 
Sand and other silicious matter, 
determination, H’’. 603c 
Sandarac in lacquers, II. 469a 

— resin, II. 234d 
Sandbergerite, IV. 5904 
Sand-blast, I. 4c 

— bomb test, IV. 5484^ 
Sander’s extoactor, IV. 583a 
Sanderswood, II. 2346, 2C0c 
Sand for glassmaking, V. 558c 

— -lime bricks, II. '1484 
Sandmeyer reaction, II, 370a: 

III, 5856 


“ Sandoptal,” I. 623a 
Sand-paper, I. 46 
Sandstone, I. 46 ; II. 1374 
— , building, II. 137c 
— , flexible, II, 138a 
Samforising, V. 193c 
Sanfourche method, V.'706 
Sang de Boeuf, VI. 126 
Sangninaria, tincture, II. o29a 
Sanguinarine, II. 5274 
“ Sanitas ” disinfectant, 

“ Sanocrysin,” V’l. 1174, 

" Sanoscent" disinfectant, iv. 

31a 

Sansevieria spp., V. 1686 


ntal, I, 650c 

ntalin in sanderswood, ii. 

Santalin, acetyl-, II. 2604 
in camwood, II* 200c 
atalol, I. 466(2 
dtalone, I, 6504 
atalyl carbonate, II. 1*'’® 
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Santene formation, II. 24:0c 
Santol, I. C50cZ 
Santonin, 7-liydroxy-, I. 407« 
Saponalbin, VI. 89o 
Saponaria off,,'VI. 95c 
Saponarin, VI. 95c 
Saponin, calendula, II. 2346 
■ — , sapindus, VI. 956 
Saponins, VI. 83c 

— in digitalis, II. 384a 

mineral waters, [. 168a 

— , saccliarides in, II. 3016 
Sapotacese, seed oils, I. C55a 
Sapotalin, I. 160c 
Sappan, II. 1956 

— liquoi;, II. 74c 

— wood, II. OSa 
Sapphire, I. 204c ; III. 39Sd 
Sapphires, articial, V. 512d. 
Sapphire, white, V. 512c, 514a, 

6206 

Sapucaia nuts, II. 07<Z, foot- 
note 

Sarawak Illipd nuts, II. 32a 
Sard, II. 5176 
Sardine oil, V. 227(i 
Sarmentocymarin, II. 3806 ; 
VI. 95c 

Sarmentogenin, II. 3806 
Sarmentose, II. 381d, 3866 ; 

III. 5386 

Sarsaparilla root, VI. 80c 
Sarsapogenin (parigenin), VI. 
95c 

Sarsaponin, VI. 95c 
“ Sashalite ” bulb, V. 251c 
Sassolite, II. 356 ; V. 006 
“ Satinite,” VL 100c 
Satin-spar, II. 2326 ; VI. 159o 
Satxiration coefficient of 
masonry, II. 138c 
Sauerkraut, II. 183c 
Saugsohiefer, III. 579d 
Saveall of vacuum ijans, IV. 
4006 

Savoy cabbage, II. lS2(i! 
Sawarri fat, II. lOSd 
Saxonia sporting powder, IV. 
5196 

Saxonite, IV. 553c 
Scammonia, VI. 90c 
Scammonin, VI. 90c 
Scaninose, II. 3016 
Scandia, II. 4806 
Scandium, II. 511c 
: — , detn., gravimetric, II. 5946 
— , qualitative reactions, II. 

6856, 5606, 5626, 568c 
Scarlet, Acridine, J, I. 132(Z 
— , — , R, 2R, 3R, I. 1326 
— , Algol, and Algol Scarlet G, 

I. 232d, 4166 
— , Azine, I. 677a 
— , Biebricb, B., Medicinal, I. 
6886 

— , Chrome, III. 113c 
— , Grelanone, I. 415c 
— , Indantbrene, 2G, I. 427d 
— , Indulino, I. 574a, 575(i 

— Red, I. 0886 
Scatole in civet. III. 1946 
Schachert’s extractor, IV. 

5806 

Schaffer acid, IV. 209 q! 
Schappe silk, IV. 124a 
Schardinger enzyme, III. 5536 
Scheelite, II. 609c ; V. 173a 
Scheiber's oil, see Synotiryn. 
Scheihler’s extractor, IV. 
570c, 5S0c 


Schering lamp, IV. 276 
Schiff’s bases, VI. 4156 
Schimose, explosive, IV. 470 q! 
Schlempe cyanide process. III. 
4646 

Schlieren photography, IV. 
4336 

Schlippe’s salt, I. 440c, 447a 
Schlosing - Schulze - Tie - 
' mann, nitrate detn., II. 
OSSd 

Schnapps, V. 5326 
" Schneiaerlte," IV. 474(Z 
Schoepite, I. 0016 
Schotten-Baumann reaction, 

II. 872c 

Schou’s oil, IV. 285c 
Schreinering, V. 188c 
Schuckert cell. III. 05d! 
Schultze smokeless powder, 

IV. 517(Z 

— sporting powder, IV. 5196 
Schulze and von Rampach’s 

extractor, IV. 678a 
Schwartz oven, II. 3116 
Schwarz extractor, IV. 685c 
Schwazite, IV. 590d 
Schwefelspiessglanz, I. 4466 
Schweizer’s reagent, II. 4036 ; 

III. 355a 

Scillahiose, II. 381 d, 387a 
a-Scillanic acid, II. 383a 
Scillaren, II. 387a ; VI. 96c 
Scillarenase, II. 387a 
Scillaridin A, II. 382a, 383a 
Sclererythrin, IV. 332o 
Sclerocrystallin, IV. 332d 
Scomhrine, I. 459c 
f-Scopolamlne hydrobromide, 
TV. 405a 

Scopoletin, III. 1206 
Scopolin, I. lOOo ; III. 413a 
VI. 05c 

Scorodose, V. 4296 ' 

Scotch pebbles, I. 164c 
Scour in cotton bleaching, II. 
3d 

Scouring of loose-wool, II. 
12c 

Scurf or retort carbon, V. 453a 
“ Scuroform,” I. 3096 
Scutching of linen, II. 11a 

textiles. II. 401c 

Scutellareinidine, IT. 275d 
Scutellaria spp., I. 585d ; VI. 
95d 

Scutellarin, VI. 95d 
ScyUitol, III. 2446 ; VI. 495d 
Scythe-stones, I. 4c 
S.D.O. (synthetic drying oil), 

I. 906 ; IV. 81d, 876 
Seailles process, I. 2086 
Secale cercale, S, corimium, IV. 
320d 

Secaleaminosulphonic acid, 

IV. 332c 

Secretin, VI. 208c 
Sedanolide, II. 441c 
Sedanonic acid, II. 441c 
Sedimentation, III. 290a 

— of starch, II. 3026 

— potential. III. 283d 
Sedoheptose, II. 286d 

Seed extraction by trichloro- 
•ethylone, I. 1036 
Seek oil, VI. 135c 
Seeth water, VI. 4396 
Sehta, III. 222c 
Selacholeic acid. III. 2476 
Seladonite, VI. 130a 


Selenacyanines, selenacarbo- 
' cyanines, selena-2'-cyanines 
and selena-4'-cyanines. III. 
520c 

Selenates, qualitative re - 

actions, II. 675a 
Selenazolinocarhocyanines, 
III. 522a 

Selenides, qualitative re - 

actions, II. 575a 
Selenious acid, detn.,' volu- 
meti’ic, II. OOod 
Selenite, II. 2326 ; VI. 150c 
Selenites, qualitative reactions, 

II. 575a 

Selenium as trace element, I. 
5106 

— , detn., gravimetrio, II. G03d 
— , — , micro-method, II. 032d 
— , elemental, detn., volu- 
metric, II. 060a 
— , — , identification, II. 675a 

— in pigment manufacture, II. 

1046 

— , qualitative reactions, II. 
554a, 550d 

Selinene from eudesmol, IV. 
303a 

— in celery oil. II. 441c 
Selinenol, IV. 393a 
Seltzer water, I. 160a 
" Selvadin," IT. 432d 
Semicarhazide, VI. 2006 
Semicarhazones, 1. 195c ; VI. 

29ac 

Semi-fi-carotenone, II. 3956, 
3096 

Semi-coke, V. 304d 

— - — for water-gas produc- 

tion, V. 6016 

Semidine rearrangement, IV. 
116 

Semioxamazide, VI. 3006 
Sempervine and sempervirino, 

V. 610c 

Senarmontite, I. 430d, 440a 
Sensihamine, IV. 327d 
Sensitisation of sols, III. 287a 
" Sensitol” colours. III. 5156 
“ Senso,” II. 3886 
Separation by crystallization, 

III. 44 7d ' 

Septacrol, I. 134a 
Septanose sugars, II. 282d 
Septentrionaline, I. 123c 
Sequoyitol, II. 32c 

" Seraceta," I. 30c 
Sericin, V. 806, 87d 

— in silk gum, II. 176 
Serotrin, VI. 95d 
Serpentine, I. 409c 

— asbestos, I. 409c 

— building stone, II. 138a 
— , chromium in. III. 006 
Serum, antivenom, II. 24d 
— , blood, proteins, II. 19c 

— therapy, II. 22a 
Sesame oil, brominated, II. 

1186 

, German, II. 237a 

Sesquiterpenes in cascarilla 
oil, II. 411a 
Setacyl dyes, I. 42a 
“Sextol,” I. 147d; VI. 220a, 
354a 

“ Sexton," “ Sextone,” I. 380d ; 

VI. 354a 

“ Shaddock,” VI, 1206 
Shale from clay, I. 201c 

— oil, V. 370a 
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Shale oil, carcinogenic action, 

II. 378b 

, gaseous fuels from, II. 3b 

in candle maniifacture, 

II. 263c 

Shattuckite, IV. 7d 

Shea butter, I. 6546 ; II. 168d 

— fat in chocolate. III. 886 

— nut oil, I. 654c 
Shekanin, VI. 90d 
Shellac in lacquers, II. 409a 
storage of pinene, II. 

250a 

“ Sherardizing,” V. 4276 
Shikonin, I. 238a 
Ship’s nails, I. 445d 
Shoddy fertilisers, V. 66c 
Shogaol, V. 535ff 
Shorea spp., nut oils, II. 31c; 

III. 546d 

Shortenings, IV. 2536 

— or lard substitutes. III. 410c 
Shot-dort, III. 574(1 
Showerproof fabrics, V. IQQd 
Siak Illip6 nuts, II. 32a 

“ Sichlor," III. Q2d ■ 

“ Sicoid,” II. 4806 
Siderite, II. 519c 
Siderose, II, 51 9d 
Siemens-Billiter electrolytic 
cell. III. 516 
Silage, IV. 3086 
“ Silfrax." II. 3616 
Silica, detn., I. 5316 ; IL 594cZ 
— , — , colorimetric, II. 6746 
— , — in clay, III. 201a 
— , drop reaction, II. 5826 

— gel, adsorption of carbon di- 

sulphide on, JI. 3406 

for refining benzol. III, 

267d 

— , native, I, 46 ; II. 5176 
— , qualitative reactions, II, 
548c, 570d 

“ Silica skeleton ” test, II, 548c 
Silicates (see also Clay ; Fel- 
spar ; individual silicates ; 
Silica), I, 204c, 2916 

— in casein paints, II. 415c 
Silica ware, V. 006a 
Siliceous sinter, V, 5306 
Silicide, chromium. III. 109a 
Silicides, prepn., II, 360c 
Silicofluorides, V. 282c 

— , qualitative reactions, II. 
571a 

Silicon borides, II. 456 
' — carbide (see also Abrasives ; 
Carborundum), IL 280c7, 
3106 

— , detn., see Silica. 

— in plants, I, 5106 
Silicones, formation, II. 227c 
Silicon hydride, II, 2276 ; VI. 

305a 

Snk, V. 86a 

— , artificial, see Cellulose ; Cel- 
lulose acetate ; Fibres, arti- 
ficial or rayon ; Rayon. 

— bleaching (wool process), IV. 

1246, 1396, 144a 

— degumming, V. 946 

■ — detn., in mixed fibres, V. 956 

— dyeing, IV. 143cZ ; V. 956 
— , Eria, Y. SOa 

— , microscopy, V. Old 
" Silkooi:' V. 115d 
Silk printing, IV. 187a 
— , properties, IV. 123d 
— , raw, composition, IT. 176 


Silk reeling, V. 93d 
— , Shanttmg, V. 86a 

— soaking, Xl 946 

— , souple, II. 18d ; IV. 143d 
— , stoving, II. 18c 
— , Tussah, V. 86a 
— , Vanduara or Vandura, V. 
115d 

— , vegetable, I. 2616, 501c 

— weighting, IV. 1246, 144a ; 

V. 94d 

Silkworm, chrysalid oil, com- 
position, II. 26d 
Sillimanite, I. 264d ; III, 197a; 
V. 169c 

“ Silmalec,” I. 277a 
Silos, IV. 3086 
“ Soloxicon,’’ II. 3616 
“ Silumin, silumin y,” I. 2536, 
277c 

“ Silundum;' II. 3616 
Silver, action in synthesis of 
methyl alcohol, II. 3506 
— , antimonial, I. 4466 ; IV, 
IGd 

— as trace element, I. 5106 

— carbide, II. 2816 

— catalyst in metal carbonyl 

prepn,, II. 357c 

— cyanate. III. 507c 

— cyanide. III. 4876 
— , detn., assay, I. 529a 

— , — , colorimetric, II. 672c 
— , — , electrodeposition, II. 
702a 

— , — , gravimetric, II. 580d 
— , — , potentiometric, II. 706c 
— , — , spectroscopic, II. 602a 
— , — , volumetric, II, 6666 
— , drop reaction, II, 581a, 6 
Silvered vessel test, IV. 533d - 
Silver, electrodeposition, IV. 
204c 

— fulminate (fulminating sil- 

ver), V. 3846 

— halides in photography, II. 

450c 

Silvering solutions, V, 003c 
Silver iodide in photography, 
II. 2356 

— nitrate, disinfectant, IV. 26a 
, oxidation of aldehydes 

by, II, 3626 

— , oxidation - catalyst for 
methyl alcohol, II. 427c 

— oxide in respirators, II. 347a 
— , qualitative reactions, II. 

551a 

— , , rare metals present, 

II. 5546, 556d, 566c 
— , recovery, in photography, 
II, 4.55a 

“ Silver salt,” I, 204c, 2106, 
218d 

Silver wattle, I. He 
Silvestrene from carene, II. 
389a 

Simetite, I. 302d 
Simonyite, II. 196 
Simul, V. 1606 
Sinalbin, VI. 96a 
Sinamine, I, 258a 
Sinapic acid. III. 94a 
Sinapin, III. 94a 
Sinapis nigra, II. 2d ; VI. 90a 
Singeing in cotton bleaching, 
II. 56 

Sinigrin, VI. 96a 
Sinistrin, II. 28Gc 
Sinomenine, IV. .52c 


“ Sinomenium acutum,” IV. o2c 
Sinopite, II, 26c 
“ Sionin,” II. 296c w ' ' 
Sisal, I. 165a ; II. 4616 

— analysis and testing, V, 1676 
T— and henequen (see also 

Agave), V..106a 

— tow and waste, V. 166c, 167a 
Sitostane, IV. 326a 
Sitosterol, I. 201a ; III, 884 

TV. 326a 

Sitosterolin, VI, 966 
Sitosterol in bran, II. 60c 

calophyllmn oil, II. 2356 

Size, concentrated, VI. 256 

— for cotton, V. 1536 
Sizing, warp, V. 1536 
Skatole, VI. 4636 
Skiagraphy, see Z-Ray con- 
trast media. 


Skimmetin, VI, 966 
Skimmianine, Skimmia spj),, 

III. 6026 ; VI. 95d 

Skimmin, III. 413a ; 954 

Skraup's synthesis, I. 205a 
Skutterudite, III. 220c 
Slag, basic, V. 07c 

— , — analysis, V. 81c 

— in cement manufactn're, II. 

145a 

Slanutosterol, III. 30a 
Slate, building, II. 137c 
Slaying linen, II. 116 
Slipe wool, II. 13d 
“ Shp-Fibre,” I, 499d 
Slow-combustion test, V. 
219d 

Smalt, II. 19a ; III. 219c, 220c 
Smaltite, I. 469c ; HI. 344, 
2146, 220c 

Smaragde, IV. 2796 
» Smectite,” V. 3814, 3824 
Smithsonite, II. 2016 ; VI. 
137a , 

Smokeless powders (see also 
Eitro-explosives), IV. 517c 

, analysis, IV. 532a 

, ballistics, IV. 5356 

, colloiding agents, IV, o2oc 

, erosion, IV, 5314 

, ignition-point and resi- 
due, IV. 529c 

, mode of burning, IV. 

529a 

, nitro-starch, IV. 528c 

, non-rusting, for small 

arms, IV. 528c 

, products of combustion, 

IV. 5294 _ 

, properties, IV. o2Sd 

, sensitiveness to shock, 

rV. 529c _ , 

, stability tests, IV. o30d, 

533c 

Smokes, respirators for, HI- 
194 

Snakeroot, black, I. l^"'® 

S-N process, de Laval, I. 103c 
“ Soamin," I. 4864, 547a 
Soap, see also Detergents ; Dry 
cleaning ; Fats, hydrolj^is , 
Fats, saponification ; DJy- 
cerin. 

— , castor oil in, II. 420c 
— , colouring, II. 1946 

— making, VI. 222c 

Soaps, soft, candlenut oil in, 
II. 203a „„ 

Soapstone, II. 138a, 5l8c 
“ Soda aci(3,” I. 486 
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Soda ash for glassmaking, Y. 
560,c 

— Bordeaux', III. 355d 

— lime in analysis, II. 616c 

in respirators, III. 10c 

Sodalite, 1. 2645 

“ Soda nitre ” for glassmaking, 
V. 560c 

Sodiocamphior, II. 242d 
Sodium acetate production, 
II. 233c 

— alkyls, reaction with carbon 

dioxide, II. 363c 

— aluminate, I. 284c 

— aluminum fluoride. III. 33fZ 

— (and potassium), detn., volu- 

metric, II. 666c 

— anthraquinone-2-STflphonate, 

I. 204c, 2106 

— aquopentacyanoferriate. III. 

4776 

— aquopentacyanoferroate. III. 

4776 

— arsenate, I. 478d 

— arsenite, I. 477c 

— aurpcyanide. III. 4866 

— benzenesulphonate, for hy- 

drolysis of bornyl chloride, 

II. '252q! 

— benzoate, antiseptic, pre- 

servative, lY. 28c ; Y. 
300c 

— bismuthothiosulphate, re- 

agent, II. 5o8d 

— borate in purifying phenol, 

II. 304(Z 

• — borosalicylate, II. 53c 

— carbide, II. 280d 

— carbonate, prodrxetion, II. 

326a 

— carbonyl, II. 337c 

— cellulose xanthate, II. 342d 
— , chemiluminescence, III. 236 

— chlorate. III. 67o 

— chromate, III. 1116 

— cyanate, III. 5076 

— cyanide, III. .484c 

in froth flotation. III. 

483c 

gold extraction. III. 

4866 ; Yl. 104o 
— , detn., gravimetric, II. 584o 
— , — in clay. III. 203c 
— , — , volumetric, lY. 36 

— diborate, see Borax. 

— di chromate. III. 111a 

— ferrocyanide. III. 475a 

— formate from carbon mon- 
- oxide, II. 350d 

— hexametaphosphate, II. 2346 

— hydrosulphite (dithionite), 

lY. 1296 

— ■' hypochlorite. III. 64d! 

— in plants, I. 5106 

— magnesium sulphate, II. 196 

— meta-arsenite, I. 477c 

— metaborate, II. 516 
— , molecular, II. 368a 

— morrhuate. III. 230c 

— nitrate, II. 2346 ; Y. 500c, 

561a 

fertiliser, Y. 656 

— p -nitrobenzenediazo - oxide, 

III. 5976 

— nitroprosside. III. 477o 

“ Sodium perborate,” II. old ; 
YI. 345c 

Sodium phenate, hydrolytic 
agent, II. 252d 

in respirators. III. 186 ; 


I Sodium propiolate from acety- 
1 lene, I. 85a 
j — , qualitative reactions, II. 
534c, 536c, 5636, 566a 

— salicylate, II. 308(7, 3646 

— silicate in wool scorning, 

II. 16a 

— stearate, hvdrolytic agent, 

II. 252(7 

— siflphate for glassmaking, Y. 

5e0a 

— tetraborate, see Borax. 

— thiosulphate in respirators, 

III. 186 

— p - toluenesulphonchloro - 
■ amide. III. 36a 

— zirconate, II. 429c 

Sod oil. III. 5516, 351(7, foot- 
note 

“ Soentai ” fat, H. 326 
Soft purple stone. III. 32c 
Soja hispida, I. 659c ; W. 189(7 ; 
Y. 259c ; YI. 88c 

, allantoinases from, I. 

240a 

— max, lY. 84c 
Solanine, YI. 966 
Solanocapsine, YI. 966 
Solanose, II. 3016 
Solarium spp.. III. 534c ; lY. 

257a ; YI. 966 

“ Soledon ” dyes, I. 4296 ; IV. 

129c ; YI. 457a 
“ Solganol B,” YI. 119a 
Solid-phase rule. III. 2926 

— solutions, interstitial, YI. 

' 281c 

, substitutional, YI. 281c 

Sols, hydrophilic. III. 290c 
— , hydrophobic, coagulation, 
III. 2856 

— , isodisperse. III. 289a 
— , polydisperse. III. 289a 
— , viscosity. III. 290c 
“ Soluble Alumina,” I. 290(7 
Soluble anhydrite, II. 130a 
“ Solusaluarsan,” I. 492c 
Solvation and co-ordination 
theory, YI. 298a 

electronic theory, YI. 

2986 

Solvent, electrostriction, YI. 
297c 

— recovery (see also Adsorp- 

tion ; Charcoal, active), 
Daniel and Bregeat pro- 
cess, III. 364a 

Solvents, chlorinated, toxicity, 
I. 105c ; II. 3566 
— , dry cleaning, lY. 57 d 
— , non-inflammable, see Car- 
bon tetrachloride ; Ethy- 
lene trichloro-. 

“ Solway ” colours, I. 404c 
“ Soneryl.” I. 623a 
Soot, II. 3I2a 

— fertiliser, Y. 66(7 
Sophoricoside, lY. 189(7 
Sopborin', YI. 96c 
Sophorine, III. 542c 
Sorbitol, I. 451c ; II. 286c 

— from glucose, II. 2856 
Sorbose, II. 2826, 2866 
Sorghum, II. 482c, 483a 

— , hvdrocyanic acid in, II. 
483d 

a-Sorinin, YI. 96c 
Souari fat, II. 168(7 
Sour in cotton bleaching, II. ‘ 
3(7 


Souring of clay. III. 199(7 
Sovoprene, sbvprene, I. 89(7 
Soxhlet and Szombathy’s ex- 
tractor, lY. 581a 
Soya bean oil, lY. 84c 

, detection, II. 186a 

Soya Mspida, see Soja hispida. 
Soybean oil, see Soya bean oil. 
Soy fermentation, I. 396 
Sozoidolic acid, I. 3196 
Sparging in brewing, II. 95a 
Sparry calamine, II. 2016 
Sparteine in chelidonium, II. 
528a 

Spectrograms, interpretation, 
II. 690a 

Spectroscope, Hartridge re- 
version, YI. 1666 
Spectroscopic detn. of inter- 
atomic distances, YI. 502c 
Spectrum analysis, II. 688(7 - 

, arc. II. 689a 

, flame, II. 689a 

, quantitative, II. 687c, 

6906 

, spark, II. 6896 

Speise (speiss), I. 520(7 
Speiss, III. 214(7, 219(7 
Spent oxide, cyanogen com- 
pounds from. III. 467(7, 
508a 

Spermaceti in candles. II. 
2636 

Spermatolipase, II. 4206 
Spermine, I. 31.56 
Sperrylite, III, 327c, 413(7 
Spessartine, Y, 4296 
Sphserosiderite, II. 519(7 
Sphene, I, 4506 ; 11. 229(7 
Sph 3 nigosine in cerebrosides, 
II. 506(7 

Spices as preservatives, Y. 
297a 

Spiculisporic acid from 
moulds, Y. 52(7 

Spiessglanzweinstein, I. 
4486 

Spinasterolin, YI. 96c 
Spindle tree, lY. 400c 
Spinel, I. 264c 
— , gem, Y. 512(7, 513d 
Spinels, I. 284c 
Spinnerets for rayon, Y. llOd, 
1196, 123c 

Spinning drafts, Y. 1496 
“ Spinocaine,” I. 369d 
Spinulosin, Y. 54a 
Spiraea spp., YI. 90a, 92a 
Spirain, YI. 90a 
“ Spirarsyl," I. 4916 
" Spirit Acid,"” I. 446 
"Spirit indication” of beer, 
II. 104c 

Spirits of hartshorn, I. 327d 
— - of salt, ni. 696 
Spiritus aetheris nilrosi, H’’. 
365c 

— Yini Gallici, II. 62d 
" Spirocide," I. 489c 
Spiro-5 :5-d ihydantoin, YI, 

289d 

Spirographishaemin, YI, 
168c 

Splint (coal), Y, 3476 
Spodumene, I. 264d 

— as gem, Y. 513d 
Spondias luiea I. 560d 
Spon yeast, II. 78d 

“ Spore starch,” Y. 57(7 
Sporogelite, I. 656(7 
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Sporting powder, IV. 4696, 
519a 

, smokeless, lY. 528a 

Spot tests, see Drop reactions. 
Spray evaporation, IV. 414c 
Spreading coefficient, VI. 5106 
Sprengel explosives, IV. 5456 
Sprengsalpeter, IV. 464a 
Sprintillamine, VI. 2006 
Sprintilline, VI. 2006 
Sprits in bleached linen, II. 
12a 

Spvirrite, I. 1626 
Squill, II. 3816, d, 386d 
S.R.A. acetate silk dyes, I. 

40(1, 416, 205c 
“ Stabilarsan," I. 492c 
Stabilisation of nitrocellulose, 

II. 4646 ; IV. 510c 
Stabilisers, 520a 
Steibility tests, nitro-explosives, 

IV. 515c, 533c, 547a 
Stachydrine, I. 4976, 086c 
Staebyose, I. 4976 ; II. 2826, 
301c 

Stainless steel. III. 105c, 3886 
Stand oils, IV. 88c 
Stannates, complexes with 
catechol, II. 430(2 
Stannic acid, colloidal, II. 419c 

— chloride in warfare. III. 10c 
production. III. 17a 

— salts, detn., volumetric, II. 

668a 

, qualitative reactions (see 

also Tin), II. 571c 
Stannous salts, detn., volu- 
metric, II. 667(2 

, qualitative reactions (see 

also Tin), II. 5716 
Stantienite, I. 302(2 
Stapbisagroine, III. 5576 
Staple fibre, IV. 125a ; V. 113c, 
127c 

Star anise oil, I. 377a 
“ Star antimony,” I. 444a 
Starcb {see also Cereals), II. 
282a; 457a 

— , action of diastase on {see 
also Amylase ; Diastase ; 
Enzymes), II. 298(2 

— equivalent, IV. 600(2 

, maintenance, IV. 601a 

of feeding stuiis, IV. 597a 

, production, IV. 601a 

— , Ploridean, I. 200(2 
— , formula, II. 301c 

— -glycerite, II. 671(2 

— gum, I. 143c 
— , maize, II. 482a 

-T— removal, enzymatic, II. 56 
— , rice, II. 494c 
— , soluble, or solubilised, II. 

302c ; III. 568a 
Stassfurtite, II. 30c 
Staurolite, IV. 279(2 
Stavesacre seeds, alkaloids, 

III. 557a 

Steam as disinfectant, IV. 19d 

— colours, II. 74c 

Stearic acid in bone fat, II. 
296 

candles, II. 263c 

cascarilla oil, II. 411a 

— acids, hydroxy-, VI. 4056 
Stearidonic acid. III. 2476 
Stearine in candles, II. 263c 
ro, II. 2646 

Stearin, fish. III. 245c ; VI. 
1356 


Stearoptene, definition, IV. 
258a 

— in attar of roses, 1.-5476 

citron oil. III. 191a 

Steatite, I. 162c ; II. 518c 
Steel analysis, see individual 
elements. 

— , carborundum addition to, 
II. 360c 

Steels, alloy. III. 1056, 217c, 
3886 ; VI. 510c 
'^Stellite" alloys. III. 2176 
Stentering machine and pro- 
cess, V. 185c, 187(2 
StercobiUn, I. 692a 
Stereoebemistry of cardiac 
aglycones, II. 382(2 

cinchona alkaloids. III. 

146c 


diazo-compounds. III. 

591a 

Stereoisomerism of tiglic and 
angelic acids, II. 177c 
Stereotype metal, I. 445c2 
Steric hindrance in esterifi- 
cation, IV. 340(2 
Sterol of silkworm, II. 26(2 
Sterols, cabbage, sterols, rice, 

II. 183a, 494a 

— in butter, digitonin test, II. 

166(2 

— of cacao butter, II. 185(2 
Stbenosing, V. 129c 

“ Stibacetin,” I. 4366 
Stibacridiiiic acid, I. 438a 
Stibanilic acid, amino-sub- 
stituted derivs., I. 436c, d 

, nuclear - substituted de - 

rivs., I. 436(2 

, salts, I. 4366 

Stibinobenzenes, I. 438c 
Stibium stdpJmraium nigrum, 
I. 4466 

Stibnite, I. 439(2 ; IV. 591(2 
Stibonic acids, miscellaneous, 
I. 437a, 6 

Stiffening fabrics, V. 1866, 187a 
Stigmasterol, II. 494a ; VI. 
273c 

” Stilbosan” I. 436(2 
Stillingia tallow. III. 336 
Stipites jalapce, VI. 90c 
“ Stocko," I. 703(2 
Stokesite, I. 4576 
Stoke ’s law. III. 285a 

for emulsions, IV. 291o 

Stone, blue, II. 25a ; III. 3576 

dust in coal-dust explosions, 

IV. 109c, 117a 

— lime, II. 133c 

— preservatives, II. 139(2 
Storax, I. 617a 

— , cinnamic acid from, III. 
180(2 

Storcb-Morawski reaction, 

III. 295a 

Storesinol, I. 6176 
“ Stovaine," I. 369a 
“ Stovarsol,” I. 39c, 480c, 489c 
Strass, V. 5136, 605(2 
Stratosphere, 1. 538(2 
Straw, rV. 595a ; V. 616 
— , rice, II. 496(2 
Stream double refraction. III. 


289c 

streaming potential. III. 283(2 
Streptococcus spp.. III. 567c 
streteb-spinning of rayon. V. 
116c, 120c, J21(2, -123(2, 

J29c, 131c 


“ String ” beans, I. 659a 
Stringy bark tree, IV. 301o 
Stromeyerite, II.--517d 
Strontium, II. 5676 
— , action on prothrombin, II. 
23c 

— as trace element, I. 510c 

— detn., gravimetric, II. 5892 
— , drop reaction, see Barium, 

II. 579(2 

— , qualitative reactions, II. 
547c, 553dt, 5676 

— , , rare metals present, 

II. 555(2, 556(2 

— sulphate, II, 4426 
Stropbantbidin, II. 382a, 3856, 

d, 386a 

a2/oStropbantbidin, II. 385d 
2f-Stropbantbin-8, II. 3856 ; 
VI. 96c 

Stropbantobiase, IV. 3146 
Stropbantobiose, II. 3006, 
381(2 

Strophantus spp., I. 120(2 ; III. 
5386 ; VI. 87(2 

Stryebnine, carbazole from, II. 
278(2 

— , occurrence, II, 182a 
Strychnos spp.. Ill, 459c 
Stupbo photometer. III. 304(2 
Stupp, V. 269(2 
Sturine, I. 459c 
Stylopine, III. 359(2 
Stypbnic acid, IV. 5426 

, lead salt, IV. 642c 

Styracin, I. 6176 
Styracitol, II. 295a 
” Styracol," VI. 140(2 
Styrax Benzoin, S. spp., I. 

615a, 617c _ _ 

Styrene from cinnamic acid, ll* 
3736 

Suaveoline, I. 496(2 
Suberic acid. III. 3666 
Suberin, III. 366a 
Suberinic acid. III. 366a 
Suberolic acid. III. - 

Suberylarginine, II-.3886, c 
“ Sublamine ” antiseptic, IV 25(t 
Substantive dyes {see also Vyes, 
direct cotton), IV. 12 (c 

, components 

formance, 

Substrate, definiti()n, VI. 390 
Succinates, qualitative re- 
actions, II. 570a y 

Succinic acid fermentation, v. 

43a .-ni, 

, bacterial, V. 506 

— , n-heptyl-, VI. 205(2 
Succinite, I. 301(2 

Succinonitrile from acetylene, 
- ’-262(2 


a* f a.-- — — 

icrase, IV. 3146 
icrose, II. 282a, 299^ 

, colour reaction, D- yj_ 
, inversion, II- 530a , 

244a, 382a , 

iction gas (see aiso Produce 
gas), IT. 345 a; V. 373d 
— plant, V. 3736 
idan IV., I. 6886 
igar as preservative, V. 
beet, I. 661c 
, detn. in chocolate, III- 
, — , in feeding stuffs, -iv- 

603cz rtrtrv A A Oh 

• riafininff. II. 820fli 4^26 
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Sugars, effect on concrete, 
IL 148& 

— of cardiac glycosides, II. 

381c 

— , separation, II, '2936 
Suint, acetone oil from, I. 71a 

— in wool scouring, II. 126, 13d 
Suketodara liver-oil. III. 2iic 
Sullivan's test, VI, 1446 
Sulochrin, V, 57a 
Sulphantimonites, I. 439d ; 

VI. 15U 

“ Sulpharsphenamine,” I, 492 
Sulphatase, IV. 3146 
Sulphate, detn., colorimetric, 
II. 074c 

— , — , gravimetric, II. 603c 
— , — , volumetric, II. G67a 
“ Sulphate of barytes,” I. 651a 
Sulphates, oxidation of carbon 
monoxide by, II. 340a 
— , qualitative reactions, II. 
5G4c, 574(1 

Sulphate dyes, I. 43a 
Sulphide, detn., gravimetric, 
II. 603a 

-T-, — , potentiometric, II. 706c 
— , — , volmnetric II, 666c 
Srdphides and hydrogen sul- 
phide, detection, II. 5746, 
683(1 

Sulphite cellulose, II. 2326, 
481c 

— , detn., gravimetric, II. 6026 
— , — , volumetric, II. 066cZ, 
•6856 

Sulphites and sulphurous acid 
in food (see Sulphur di- 
oxide in food), V. 3056 
— , qualitative reactions, II, 
565a, 574c 

Sulphoacetic acid, I. 596 
Sulphohenzide, hexanitro-, IV. 
484(1 

Sulphocamphylic acid, II. 
2486 

Sulphocarhonic acid, II. 3286 
' Sulphocyanides, sec Thio- 
cyanates. 

“ Sulphoforrh,” I. 435(1 
Sulphonateti oils, IV. 280a 
Sulphonates, alkylated aro- 
matic, IV. 2866 

Sulphones, plasticisers, IL 
448c 

Sulphonio acids from 
petroleum, III. 560c 

, production, II, 428d 

Sulphosil, IL 506(1 
Sulph'ur acids, detn., volu- 
metric, II. 666c 

— chloride from carbon disul- 

phide, II. 353c 

in vulcanisation, II. 343c 

— compounds in town gas, II. 

349c 

— , detn.,, Carius method, II. 
021c 

— , — , Eschka’s method, II. 
6036 

— , — , Grote and Krekeler’s 
method, II. 0216 
— , — in coal and coke, II. 6036 
— , hydrogenation analy- 

sis, VI, 362a 

— , ores, I. 531c 

— , — , micro-methods, II. 632c 

— dioxide, bactericide, V, .3956 
, carbon disulphide from, 

II. 338a 


Sulphur dioxide, catalytic 
oxidation, II. 4236 

, detection, II. 565a, 574c 

, detn. (see also Sulphurous 

acid), II. 0856 

from gypsum, II. 233b 

fumigation, V. 395a 

in food, detection and 

detn., V. 3056 

, reaction with calcium 

phosphate, II. 225a 

— dyes, IV. 128c 

— , elemental, detn., II. 003a 
— , — , — , volumetric, II. 667c 
— , — , drop reaction, II. 581(1 
— , — , identification, II. 574a 
Sulphuretted hydrogen, see 
Hydrogen sulplude. 
Sulphuric acid catalytic pro- 
duction or contact pro- 
cess, see Sulphm- trioxiJe, 
catalytic production. 

, detn,. see Sulphate, detn, 

ester salts of long chain 

fatty acids, IV. 2866 
for nitroglvcerin produc- 
tion, IV. 492(1 

solvent in analysis, II. 

549c 

Sulphur in gunpowder, IV. 
455(1 

hops, II. 92c 

Sulphurised oils, IV. 90c 

— vat colours, I. 4236 
Sulphurous acid, see also Sul- 
phite ; Sulphur dioxide. 

Sulphur oxides from town gas, 

V. 245(1 

— recovery from town gas, II. 

319(1 

— thiocyanate, in vulcanisa- 

tion, II. 343c 

— , total, detn., in coal gas, II. 
685c 

— trioxide, catalytic produc- 
tion, II. 4236, 535c ; III. 176 

, detn., in vapours, II. 

685c 

in warfare. III, lid 

Sulphuryl chloride, produc- 
tion, II. 428(1 
“ Sumacarb,” I. 153o 
Suma-resinotannol, I. 615c 
Summer oil. III. 410(1 
Sundtite, I. 370(1 
Simstone, I. 559(1 ; V. 2c, So 
“ Super- Alumina,” I. 289c 
Super-aromatic properties, V. 
399(1 

Superphosphate, detn. of 
soluble phosphate in, V. 
80a 

— of lime, II. 223d 
Superpolyamides and super- 

polymers, V. 1256 
Supersurface layer in evapora- 
tion, III. 605a 
“ SupracapsuUn,” 1. 147(1 
“ Supranephrane,” 1. 147(1 
“ Suprarenalin,” I, 147d 
“ Suprarenin," 1. 145c, 147d! 
Suprasterol, II. 202c 
Surface hardening, oxy-acety- 
lene, I. 116a 

— tension. III. 2826 ; V. 263(1 ; 

VI. 606(1 

Surinamine, I. 371(1 ; V, 517a 
Surlihi cement, II, 145(1 
Surveillance test, IV. 533(1 
Suture-stones, III, 573c 


Swedenhorgite, I. 685a 
S'weet potatoes, I. 655(1 
“ S'weet spirit of nitre,” IV. 
305c 

— waters,” VI, 456 
Swissing, V. 188b 
Sylvan, V, 4006 
Sylvanite, VI, 102a 
dl-Sylvestrine, II, 405a 
Sylvite, II. 1096 
Synadelphite, I. 241(1, 204(1 
Synantmose, III. 31a 
“ Spncaine,” see Procaine 
Syneresis, III, 291(1 
Syngenite, II. 233c 
“ Synouryn ” drjdng oil, IV. 
81(1, 87a 

“ Synthalin,” VI. 816, 144a 
Synthesis gas, V. 503a 
Synthetic resin fibres, V, 1136, 
124(1 

“ Synthol,” II. 350c, 425c 
Syringaic-acid glucoside, VI. 
96c 

Syringe, “ Little Algj^” IV. 21d 
Syringin, VI. 96c 
Sy ■test, IV. 5346 


T 

T.4, III. 535(1 
Tahan Merah fat, II. 32a 
Table oil, IV, 252c 
Tabular spar, IL 227c 
Ta-Cha-Yeh, V. 5116 
“ Tachiol ” antiseptic, IV. 26a 
Tachydrite, II, 212(1 
Tachysterol, II, 202a j IV. 
326(1 

Tagerey-verey, II. 419o 
Tagetes valuta, I, 161a ; VI. 
90(1 

Taifushi oil, II. 522(1 
“ Taka-diastase,” V. 59c 
Talc, II. 518c 
Talh, Talha, I, lid 
Taliani test, IV. 534c 
Tall oil, I. 655d 
Tallow, definition, VI. 134d 

— in cacao butter, II. 187a 
— , sizing, VI. 135c 

— , vegetable, prima and 

secunda. III. .336 
Talmi gold, I. 116 
Talose, II. 286a 
Tamari, V. 59c 
Tanacetone (Thujone), I. Oa 
Tane-koji, V, 596 
Tanghinin, IL 387c 
Tangkallak fat, IV. 46 
Tankage grease, VI. 135a 
Tannase, IV, 314a ; V. 425c 
Tannic acid, acetyl-, 1. 396 

, compound with casein, 

II. 414d 

, qualitative reactions, II. 

670c 

” Tannigen,” I. 396 
Tannin, Chinese, VI, 96d 
Tanning agents, svnthetic, Ilii 
308d, 461d 

— substances from cutch, II. 

4386 

Tannin, hop, II. Old 
— , Turkish, VI. OOd 
Tanret reagent, I, 235d 
Tantalates, qualitative re- 
actions, II. 555d, 556d, 
573d 
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Tantalite, III. 309c 
Tantalum, I. 35 

— and niobium, separation, II. 

602a 

— carbide, II. 2806 

— , detn., gravimetric, II. 002a 

— production, II. 51 la 

— , qualitative reactions, II. 

5555, 5586, 5735 
Ta Pei, V. 330a 
Taraktogenic acid, II. 522c 
Taraxacum officinale, III. 547a 
Taraxanthin, I. 201a ; II. 
3985 

Tar, coke-oven gas, III. 2646 
Tarnishing of metals. III. 3706 

— reactions, VI. 224a 
Tarnowitzite, I. 457a 

Tar oils, hydrogenation {see 
also Hydrogenation of 
coal), II. 4255 
Tarpaulins, V. 1955 
Tar, Stockholm, production, II. 
3105 

Tartar emetic, I. 4396, 4486 

powder, I. 448c 

substitute, I. 448c 

Tartaric acid, dihydroxy-, IV. 
36 

— anhydride diacetate, carbon 

suboxide from, II. 352a 
Tartarus siibiaiics, I. 4486 
Tartrates, qualitative re- 
actions, II. 570a 
Tartrazine indicator, VI. 4316 
Tartronic acid, amino-, and 
derivs., I. 2476, c 
Tartronylurea, I. 625a 
Tar, wood, production, II. 3105 
Taxxrine, III. 5416 
Taurocholic acid, I. 689c 
Tautolite, III. 5126 
Tautomerism, virtual, of 
cyanines. III. 516a, 524a 
Taverner process, VI. 100c 
Tchou-ma, III. 31c 
Tea, III. 5586 
— , Abyssinian, I. 116 
— , alkaloids, II. 197a 
— , Arabian, I. 116 

— catechin, II. 438c 
TeaUite, III. 538a ; V. 328c 
Tea, theobromine in, II. 197c 
Tecomin, I. 6886 
Tectoridin, tectorigenin, V. 

2595 ; VI. 965 
Tees powder, IV. 554c 
Teglatn fat, II. 32c 
Teisen furnace, V. 568a 
“ Tekaol," IV. 895 
'• Telenduronr I. 7035 
Tellurethyl, IV. 372a- 
Tellrmic acid, detn., volumetric, 

II. 067c 

— bismuth, II. 325 

— silver, VI. 206a 
TeUurine, III. 5785 
Tellurimn, detn., gravimetric, 

II. 6046 

— , — , micro-method, ll. 6325 
electrodeposition, IV. 2695 
— , qualitative reactions, II. 
554, 5565, 5756 

Tellur ous acid, detn., volu- 
metric, II. 510c, 667c 
“ Temper,’’ I. 472c 
Temper colours on metals, III. 
368c 

•: Tenacit,” I. 7035 
" Tenasco,” V. 131a 


Tennantite, III. 341c ; IV. 

30Pa ; IV. 590c 
Tenorite, III. 341c, 3546 
Tephrite, I. 652a 
Tephrosin, III. 559c 
Terbia, II. 512a 
Terbium, II. 511c 
Terebene antiseptic, IV. 305 
Terebine driers, IV. 91c 
Terminthic acid, III. 34a 
Termintbinic acid, III.- 34a 
Termintholic acid. III. 34a 
Termintholinic acid. III. 34a 
Terpenes in buchu, II, 120a 
Terpenylic acid, II. 407a 

, hydroxy-, II. 407a 

1:4-Terpin, I. 501a 
Terpin, cineole from, HI- 1796 
a-Terpinene, II. 404c 
Terpinene formation, II. 254c 

— in essential oils, II, 381a ; 

III. 245 

Terpineol in essential oils, II. 

266, 2496, 381a ; III. 183c 
a-Terpineol, cineole from, III, 
179a 

Terpinolene formation, II. 
254c 

“ -Terra alba," VI. 160c 
Terra Cotta, II. 1285 
Terra japonica, II, 4336 
“ Terrana," IV. 248c 
Terra ponderosa salita, I. 635a 
Terrain, V. 53a 
Testosterone, I. 371a ; VI. 
275a, 276a 

fmns-Testosterone, VI. 275a 
Tetra-amylose, III. 569c 
Tetraboric acid, II. 475 
Tetrabutylammonium iodide, 
II. 1765 

Tetrabutyraldine, II. 157a 
Tetracarbocyanines, III, 
528a 

Tetracene, IV. 5425 
— , guanylnitrosoaminoguanyl-, 

IV, 5425 

Tetrachlorethane (tetra- 
chloro ethane), IV. 359c 
Tetradecane - 1 - carboxylic 
acid, 14-hydroxy-, IV. 4165 
Tetradymite, II. 325 
Tetraetbylammonium hy- 
droxide, IV. 3555 
Tetr aetbyldiamino dipbenyl- 
methane, II. 1056 
Tetraetbylene glycol, IV. 3796 

— triamine, IV. 377a 
Tetraetbyltetrazone, IV. 

362c 

Tetrafluoboric acid, II. 46c 
Tetraguaiacoquinone, VI. 
1416 

Tetrabedrite, III. 341c ; IV. 
590a 

Tetrabydrocadalene, II. 190a 
Tetrabydrocalamene, II. 
201a 


Tetrabydrocarbazole, de- 

hydrogenation, II. 278c 
Tetraubydrocarveol, II. 4056 
Tetrabydrocarvone, II. 4055 
Tetrabydrochrysene, III. 

1186 

Tetrabydrocolumbamine, II. 
235c, 5 ' 

Tetrabydrobucarveol, IV. 
«Q1/, 

IV. 




Tetraby droeucarvone , 
39’ ’ ^ 


acid, 

II. 

anti- 

hy- 


Tetrabydrofurfuryl alcohol, 
VI. 3556 

Tetrabydroguaiene, VT. 142c 
Tetrahydrojatrorrbizine, II, 
235c ‘ 

Tetrabydronaphtbalene, cee 

also Tetralin. 

— , carcinogenic compounds 

from, II. 378c 

Tetrabydroquinoxalines, I. 
3166 

Tetralin, (see also Tetraliydro- 
naphtlialene),.VI. 352c 

— production, II, 4265 

— , reaction with oxalyl 

chloride, II, 364a 
Tetralite, IV. 485a 
a-Tetralone, VI. 3546 
Tetrametboxyisoflavylium 
chloride, II. 4386 
1:2:3;5 - Tetramethylbenz- 
ene, II. 2425 

Tetrametbylbenzenes, HI. 

. 539a 

Tetrametbyldistibine (anti- 
mony cacodyl), I. 434c 
Tetrametbylenediamine, II, 
178c 

Tetrametbylenediguanidine, 
I. 457c 

Tetramethyl ferrocyanide. III. 
4756 

Tetrametbylbyduribo 
VI. 407c 

Tetrametbyloglucose, 

2915 

Tetrametbylphenol, 
septic, IV. 7a 
Tetrametbylstibonium 
droxide, I. 434c 

— iodide, I. 434c 
Tetramine reagent for dyes, 

IV. 1726 

Tetrandrine, VI. 4965 
Tetraoxymetbylene, V. 320a 

2 :4:5 :6-Tetraoxypyriniidane, 

I, 2435 

Tetraphenol, V. 3986 
Tetrapbenyl methane, car- 
cinogenic activity, II- 380a 
Tetrarin, VI. 97a 
Tetrasaccbarides, II. 3016 
Tetrazene, IV. 5425 

Tetronic acids from Pentcifbuni 

spp., V. 526 
Tetryl, IV. 485a 

— chloride, II. 172a 

— , properties and testing, 
486c, 4876 ' 

Textile emulsions, IV. 30] c 

- printing (see also Printing !> 

IV. 175c 

by rotogravure, IV. 

1 stendlling, IV. 177a 

, colour pastes for, 

, crimp effects m, IV. 186 

, discharge styles m, J-V* 

* YTT- 

j engraved rollers for, -J- * • 

— — , fixing agents for, IV. 1 '8a 

_ , metal powders m, J- » • 

1866 . „ 
, pantograph, engraving 

for, IV. 1766 ■ . ^ 

— , pigment lacquer in, -i > • 

186b . ' TV 

, reserve styles m, -i ’ • 

15135 



Textile printing, resist styles 
in, IV. 183d 

styles, IV. 178d 

, thickening agents for, 

IV. 178a 

with hand blocks, IV. 176d 

screens, IV. 177a 

“ T-Gas," IV. 3806 ; V. 395(Z 
Thalleioquin, reaction. III. 
135d 

Thallic salts, qualitative re- 
actions, II. 568c 
Thallium, fsobutyl derivs., II. 
173c 

copper-silver selenide, III. 

4306 

— , detn., electrochemical, II. 
510c 

— , — , electrodeposition, II. 

7026 

— , — , gravimetric, II. 593d 
— , — , volumetric, II. 667d 

— group, qualitative separa- 

tion, II. 557a 

— qualitative reactions, II. 

547c, 6546, 555d, 560a, 

6686, c 

— salts in carnallite, II. 390a 
Thallous salts, qualitative re- 
actions, II. 5686 

“ Thanatol," I. 160d 
Thea chinensis, I. 511d 

— Sasanqua, eugenol from, IV. 

394c 

Theobroma cacao, III. 230d 
Theobromine, II. 197a ; III. 
235c 

— in cacao butter, II. 186a 

— , sodio-, sodium iodide addi- 
tion compound, IV. 405a 
Theophylline, II. i97a, d 

— ethylenediamine, IV. 401a 
Theosterol, II. 185d 
Therapic acid, III. 2476 
Therm, definition, V. 433d 

“ Thermit,” “ thermite,” I. 

2736 ; III. 976, 103d 
Thermoluminescence of 
fluorspar, II. 2156 
“ Thermolux ” glass, V. 595a 
Thermometer, helium gas, 
VI. 190d 

Thevetigenin, VI. 97a 
Thevetih, II. 386c ; VI. 97a 
Thiacarhocyanines, HI. 517d, 
518a 

Thia-4'-cyanines, HI. 517d 
Thiacyanines, thia-i^-cyanines, 
thia-2'-cyanines. III. 517d 
Thiathiazolocyanines, thia- 
zolocarbocyanines and thia- 
zolocyanines. III. 5216 
Thiazine, I. 665a ; 11. 403d 
Thiazolinqcarbocyanines, 
thiazoIino-2'-cyanines and 
thiazolino-4'-cyanines. III. 
521d 

Thierol, II. 29d 
Thiesen furnace, V. 568o 
Thioacetones, I. 696 
Thioacridone, I. 127a 
Thioarsinites, aryl, I. 490c 
Thiobarbituric acid, conden- 
sation with aryl aldehydes, 
I. 630a 

Thiocarbonic anhydride, II. 
3286 

Thiocyanate, detn., potentio- 
metric, II. 706c - 
— , — , volumetric, II. 665a 


INDEX 

Thiocyanates, analysis, III. 
511d 

— , prepn. from ammonia and 
carbon disulphide. III. 507c 

— , coal gas. III. 508c 

— , cyanamide and sul- 

phur, III. 608a 

— , gas liquor. III. 5086 

— , spent oxide, III. 508a 

— , qualitative reactions, II. 
5696 

Thiocyanine, III. 518a 
Thiocyeinogen value of fats, 

III. 509a 

— values of cacao butter, II. 

1856 

Thio diethylene glycol, IV. 
3816 

Thioethylene glycol, IV. 381a 
diacetate and dibenzoate, 

IV. 381a 

“ Thioform,” I. 700c 
Thioformaldehyde, V. 320c 

— formation, II. 342a 
Thioguaiacol, VI. 141d 
Thiognaiacyl xanthate, VI. 

141d 

Thiohydantoins, VI. 293c 
Thiohydrolysis, VI. 397a 
Thioindigo and derivs., VI. 
453c 

Thioindoxyl, VI. 453c 
Thioisatins, VI. 455a 
Thionaphthenqninones, VI. 

455a 

Thionates, qualitative re- 
actions, II. 574c 
Thionrmic acid, I. 629a 
Thiophen, colour reaction with 
isatin, VI. 463c 

Thiophenol, by-product, II. 
305a 

Thiophen, removal from ben- 
zole, I. 674d: 

Thiophosgene production, 
III. 176 

Thiopropanolsulphonic- acid, 
sodium auro-salt, I. 241d! 
Thiosemicarbazide, VI. 299d 
Thiosemicarbazones, VI. 
299d 

Thiosinamine, 1 2596 
Thiosulphates, detn., poten- 
tiometric, II. 7086 
— , — , volumetric, II. 6486, 
6676 

— , qualitative reactions, II. 
565a, 5746 

Thioxanthqnes from anthra- 
quinones, I. 396a 
Thixotropy, III. 292a 
Thomsonite, II. 2296 
Thoria catalyst (see also Hy- 
drogenation analysis), II. 
351d, 425d! 

Thorite, II. 611c 
Thorium, II. 511c 
— , detn., gravimetric,' IT. 598a 
— , — , micro-method, II. 633c 
— , — , volumetric, II. 6G7d 
— , qualitative reactions, II. 

5556, 556d, 5626, 572a 
Thortveitite, V. 624c; VI. 
169a 

Thrombin in blood, IT. 22-: 
Thromhokinase, TI. 23a 
Thuja occidentalis, V. &d 
Thuja oU, carvotanacetone in, 
IT. 4086 / 

Thujone, I. 5(^ 6a 
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a-Thujone, rearrangement, II. 
4086 

Thujyl acetate, I. 5c 

— alcohol, I. 5c 

— palmitate, I. 5c 

— isovalerate, I. 6c 
Thulia, II. 511d 
Thuringite, II. 5206 
Thymidine, VI. 97a 
Thymol, di-iodo-, I. 4666 
— , reduction, II. 426d 
Thyroglobulin, VI. 2676, c 
Thyronine, VI. 267d 
Thyroxine, I. 506c ; VI. 2676 
— , reactions, VI. 267c 
Tiemann-Reimer reaction, 11. 

364c 

“ Tiers Argent,” I. 276a 
Tiffanyite, III. 574a 
Tigers-eye, III. 430a 
Tiglic acid. III. 435a 
Tigogenin, VI. 976 
Tigonin, VI. 97a 
Tile-ore, III. 459a 
Tiles, II. 128a 
T ilia spp., fatty oil, I. 655c 
Timber-preserving oil. III. 
423d 

Timonox, I. 449c 

Tin, action on phenol, II. 306d 

— as trace element, I. 510c 
Tincal, II. 30c, 34c, 40d 

Tin catalysts in hydrogenation, 
VI. 3686 

Tinder-fungus, I. 298d 
— , Gerntan, I. 298d 
Tin, detn., assay, I. 529d 
— , — , colorimetric, II. 672c 
— , — , electrodeposition, II. 

702c 

— , — , gravimetric, II. 595d 
— , — in food, II. 672c ; V. 
292c 

— , — , potentiometric, II. 7086 
— , — , spectroscopic, II. 091c 
— , — , volumetric, II. 667d 
— , drop reaction, II. 188c, 5816 
— , electrodeposition, IV. 269a 
Ting-yu, III. 336 
Tin oxide, II. 4196 
Tinplate, protective lacquers 
for. III. 395c; V. 290d, 
2916 

Tin, qualitative reactions, TI. 
551c, 5716, c 

— , , rare metals present, 

II. 554c, 550d! 

stone, II. 4196 

— white cobalt, see Smaltite. 
Tlsu, II. 157d 

Titaniferous iron-ore, VI. 
414d! 

Titanite, II. 229d 
Titanium as trace element, I. 
510d 

— carbide, II. 281a 

— , detn., assay, I. 5306 
— , — , colorimetric, II. 673a 
— , — , gravimetric, II. 6966 
— , — in clay. III. 202c 

— , steel, I. .530c 

— , — , potentiometric method, 
II. 7086 

— , — , volumetric, II. 008a 
— , drop reaction, II, 6816 

— oxide, as esterification cata- 

lyst, II. 1816 

, mineral, II. 119a 

, pigment, II, 4446, 475c; 

V. 128c 
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Titanium, qualitative re- 
actions, II. olid 

— j , rare metals present, 

II. oood, 556(2 
Titauoma gnetite , I. 4506 
Titano-niobates of rare earths, 
II. 196 

Titauous chloride, volumetric 
methods. II. G49a ; IT. 
239a 

Titration errors, TI. 426c 

— exponent, TI. 426c 
T.I'I.A. (tetranitraniline). IT. 

487(2 

T.N.T. (trinitrotoluene). L 
466c; IT. 466(2 

— a-, p- and y-, properties, 

IT, 471c 

— as explosive, IT. 472c 

— , manufacture, continuous 

process, IT. 488c 
— , — . intermittent processes, 
,IT. 4676 

— . phvsiological effects. IT. 
473c 

— , Queensferry process, IT. 
467c 

— specifications, IT. 471a 

— testing, IT. 473d 

Toad poisons, II. 3816, 387<2 
Toadstone. III. 5716 
Tobacco, III, 558c 

— smoke as antiseptic, IT. 316 
^5 carbon monoxide in, II. 

' 3446 

Toddy vine, I, 467(2 ' 
o-ToHdine, IT. 12(2 
Tollen's extractor, IT. olid 

— reaction of cardiac glvco- 

sides, n, 383(2 
Tolu, see Balsam. 

Toluene, antiseptic, IT. 30(2 
o-Toluene - azo - o - toluene- 
azo-jS-napbtbol, I. 6886 
Toluene, chloro-derivs., I. Gild 
— , dinitro-, IT. 466c 

— in lacquers, II. 472o 
petroleum, I. 466c2 

— , mononitro-, IS'. 4666- 467(2 
— oxidation to benzaldehvde, 

I. 6786 ; II. 428a 

— benzoic acid. I. 6786 ; 

II. 428a 

— , prcducfion, II. 428(2 
Toluenes, nitro-, I. 6766 ; IT. 
405(2 ' 

p - Toluenesulphanilide, in 
lacquers, II. 479a 
p - Toluenesulpbondicbloro- 
amide. III. 366 
p - Toluenesulpbonyl com- 
t pounds of sngars, II, 2916 
Toluic acids, hvdroxv-. III. 
425(2 

m-Tolufc acid from azapin. 
II. 397a 

p-Toluidides, prepn., II. 378a 
Tolunapbtbazines, I. 566a. 
5676 

Tolupbenazine, I. 5G7a 
Tolnstilbazine, I. 508a 
o-Tolylbydrazine. I. 1976 
p-Tolylbydrazine. I. 1976 
o-Tolylsenaicarbazide, 1. 197a 
Tonalite, IT. Id 
'* Tonite.” IT. 4646 
” Tonsil" H'. 248c 
Topaz. 1. 264(2 

“ Topaz. Occidental,” T. 513(2 
Topaz, oriental. III. 398(2 


“ Topaz, scientific,''' T. 512(2 
" T<^az, Spanish,” T. 51.3(2 
Topinambur, topinambour, 

l. 497a 

Topped dveings, IT- l27o 
Tora, IL 4196 
Toiingin, TI. 976 
Totaejuina, III. 1326 
Toncbstone assay, I. 5266 
Touloucouna oilj II. 2776 
Tourils, HI. 75c 
Tourmaline. I. 264(2. 561c ; 
II. 356 

— , gem, T. 513d 
Toumesol en drapeaux. I. 
688a 

Tous-les-mois, I. 4686 
Townsend electrolvtic cell, 

m. 53(2 

Toxicarol, HI. 559c 
Toxol, I. 301c 
To-yaku, T. 516(2 
Tpn, in. 329c 
T.P I. 263(2 
Trace elements in plants, see 
Ash ; Boron ; Fertiliser, 
borax, remedial. 
Tragacantbin, TI. 1566 
Train oil, HI. 244d 
Tram, T. 94a 

— silk, IT. 124a 
Transference nnmber, TI, 

237(2 

Transmutation of elements, I. 
5426 

Transport number, TI. 237(2 
Trap-rock. HI. 5716 
Trasb, T. 1466 
Trass in cement, H. 146a 
— , Ehenish, II. 145(2 
Traumatin, TI. 138(2 
Trauzl blocks, I. 355(2 ; IT. 
547(2 

Trefle, I. 363a 
Trebalase, II. 300c 
Trehalose, II. 2986, 300c ; IT. 
331d 

— monophosphate, II. 296a ; T. 

21d 

Tremolite, I. 499c 

asbestos, I. 499(2 

Tren, IH. 329(2 
Trentepahlia ioUthus, II. 394c 
Triacetamide, I. 606 
Triacetin, I. 606 
— , plasticiser, H. 44Se, 472c 
— , specification, II. 472c 
Triacetonamine, I. 68(2 
— , nitroso-, catalytic decom- 
position. TI. 252c 

Triamyl citrate, in lacquers, 

n. 472c 

'Ibdamylstibine, n- and iso-. I. 
434c 

Triangular charts. III. 2c 
Triazidobenzene, trinitro-, rS', 
543a 

Tribolitim ccmfitsitm, T. 3906 
Triboluniinescence, II. 279a : 

! in. 22(2 

I Tiibromobydrin, I. 259c 
j Tributylamines. II. 116c 
j Trii.s(jbutylene. II. Hid 
1 Tributyi phosplfine, H. 176(2 
Tri-3— carbazyl carbinol for- j 
mate, II. '2796 _ j 

• Tricarbocyanines, III- o2Gd | 
I — , indo-, seleii?-, thia-, tjiia- | 
i zolino-, thiaxplo-. III. 52 tb > 


Tricbamomillol, H. 5206 
Tricresyl phosphate in dopa 
and lacquers, II. 4 <v: 
469d, 475(2 ’ 

phenol recoverr, H 

305(2 

Tricylene, elimination fxoc 
bornylene, II. 33d 
— , formation, oxidation. IL 
254c, 23Qd 

Tridentate groups, HI. 323c' 
Trielaidin, IT. 25Sd 
“ Trienol" IT. 876 
Triethanolamine. I. ; 
IT. 286c, 356a 

— . aljsorbent of carbon dioriae. 
H. 324d 


— in phenol recovery. II- SOS'* 
Tiietbylamine, IT- 355c 

— from acetylene, I. S4c 
Trietbylcarbimide. IT. SGIs 
Trietbylcellulose, II. 460(2 
Trietbylene chlorohvdrin. B', 

3796 


— glycol, IT. 3796 
Triethyienediamine, IT. 376(2 
Trietbylenetetramine, IV. 

377c 

“ Tiietbylenetriamine,” IV. 
377a 

Trietbylbycirazonium iodide, 
rv. 362c 

Trietbyloxamine, TV, 3636 
Trietbyl phosphate, FV, 3C6c 

— phosphite, IV, 366d 
Trietbylpiperazonium iodide, 

IV. 37 6d 

Trietbyistibine, I. 433c 
Trietbylsulpbonitun hvar- 
oxide. r\'. 3706 

— iodide, 'IT. 3706 
Trietbyltelluronium iodide, 

IT- 372c 


Trifoliin, III. 2076 
Trifolin, t'-sotrifolin. III. 206(2 
TrifoKtin, III. 206d 
Trifoliizm spp., I. ; III* 
205c ; TI. 906, 13fc 
Triformal disinfectant, I » • 


Trigenic acid. HL 3S2a 
Trigermane, T, 522a 
Trigonella Fccnum-gnxcum, v 


Triuonelline or caffearine. I* 
686d ; II. 196(i : HI* 
Triketobydrindene. TI. SO/o 
— hvdrate, see Ninhydrin. 

" Tn/fi,” IT. 4G6d „ 
Trilobine, ozonolysis, II. 
Trimeiite, I- 685a 
Trimetbol, disinfectant, 1»* 
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Trimetboxyglutaric^ acuL 
from sugars, II. 2836 

Trimetbylacetbydrazide- 

ammonium chloride, ' • 
5366 . „ , 

Trimetbylamine _ in 62a2'/^(!n' 
ihvJt occidcnialis, II. -•2"^ 

ergot. IT. 331 d 

Tiimetbylbenzenes, III. -J-xo 

Trimetbyla/Zobrazilin. a- 

B-, II. 72(2 

Trimetbylbrai^one, 

methvlbrazilonol. ii- 


72c 

Trimethyl carbinol. JI* 1 ' 
Trimethylcellulose, II* 
■illc 
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Trimethyl citrate, III. 186& 
Trimethyl dihydro t sobrazi- 
leinol, II. 72b 

Trimethyldihydrobrazilone, 
II. 72b 

Trimethylene glycol, VI. 63a 
cj/cloTrimethyleneimine, I. 
315a 

cycloTrimethylenetrinitra- 
' mine. III. 535d 
Trimethylethylene, I. 364d 
d - 2:2:3 - Trimethylcyc/o - 
hexan - 4 - one - 1 - car - 
hoxylic acid, II. 247a 
Trimethylhistidine, I. 686tZ ; 
VI. 237b 

Trimethyloglucose, II. 292a 
Trimethylphenol, antiseptic, 

IV. 7a 

Trimethylstibine, I. 434b 

— di-iodide, I. 464a 

— oxide, I. 434b 

— sulphide, I. 434c 
1:3:7-Trimethylxanthine, II. 

197a 

“ Trinol," IV. 466d 
Tri - orthophenanthroline - 
ferrous sulphate, indi- 
cator, VI. 430d 

2:4:6-Trioxyhexahydropyri- 
midine, I. 020c 
Trioxymethylene, I. 165d 
a-Trioxymethylene, V. 319ci! 
Trioxymethylene, disinfec- 
tant, IV. 26d 

Triphenylbenzene, carcino- 
genic activity, II. 380a 
Triphenylmethyl ethers, of 
sugars, II. 291a 

Triphenyl phosphate in films 
and lacquers, II. 308d, 
448b, 472c 

, specification, II. 472c 

— urea in lacquers, II. 472c 
Triphylite, II. 105c 

“ Triplastite," IV. 4C4c 
Tripoli or Tripolite, III. 579a ; 
IV. 239b 

Tripy, III. 329d 
Trisaccharides, II. 301b 
Trisazo benzidine dyes, IV. 
220b 

Trithioaldehyde, II. 177b 
Triticin, triticum, I. 171d 
Triticum repens, VI. 86b 
Tritisporin, V. .'35a 
“ Tritolo," IV. 466d 
Tritolylene, I. 90a 
Triton,” “ Triton B,” IV. 
467a ; V. 191c 

“ Trityl ” derivs. of glycerol, 
VI. 66a 

Trogoderma kharpa, V. 392dt 
“ Trolite,” IV. 460d 
“ Tropacocaine,” I. 360a ; III. 
224d 

Tropasolum mains, IV. 336c ; 
VI. 89a 

Tropical bleach, III. 62c 
Tropilidene, ill. 535b 
Tropine, III. 225a 
Tropopause, I. 537c 
Troposphere, I. 537c 
Trotyl (see also T.N.T.), I. 406c 
Truxillic acid, III. 181b 
Truxilline, a- and B-, III. 222d 
Truxillines, III. 224c 
Truxinic acid. III. 181b 
Trypaflavine (see also Flavine), 
I. 134b, 135d 


Trypanosoma, effect of Mala- 
chite Green, IV. 30b 
“ Tryparsamide," I. 487b 
“ Tryparsone,” I. 487b 
“ Tryponarsyl,” I. 4S7b 
Trypsin, I. 090b; IV. Slid, 
313b 

Tryptophan, VI. 464b 

— in hran and cabbage, II. 59b, 

182d 

Tse-tieou, III. 33b 
Tsuga canadensis, II. 201b 
Tsugaresinol, VI. 202d 
Tu, III. 333b ■ 

T ubera jalapce. III. 32Cc 
Tubocurare, III. 459c 
Tubocurarine, III. 459a 
T ulipa gesneriana, V. 330a 
Tuldpine, V. 330a 
Tung oil (see also China -wood 
oil ; Oils, drying), I. 198b ; 
II. 203a 

Tungstates in candle wicks, II. 
205b 

Tungsten carbide, II. 281a 

— carbonyl^ II. 357a 
— , detn., assay, I. 530c 

— , — , gravimetric, II. 606a 
— , — in steel, I. 530c 
— , — , volumetric, II. 608b 

— filaments, V. 171b, 178a 

— grain growth, V. 175b, 178b 

— hexachloride, action of Grig- 

nard reagent on, II. 357c 

— powder from WO3, V. 174b 
, pressing and sintering, 

V. 175a 

— , qualitative reactions, II. 

564a. 556d, 575d 
— , swaging and wire drawing, 
\. 176b 

— wire, drawn, V. 171d 
Tungstic oxide, prepn., V. 172fZ 
Tunicin, acetolysis, II. 442d 
Turacin, VI. 164c 
Turanose, II. 298b 

“ Turkey-fat ore,” VI. 137a 

— Red oil, II. 52a, 420c ; III. 

245d 

, in anti - dimming 

materials. III. 18d 
Turmeric, III. 461c 

— paper, II. 52b 
Turnerite, II. 512b 
Turpentine, V. 415c ; VI. 288c 

— oil, II. 249d 

— , synthetic borneol from, II. 
31b, 249c 

— , — camphor from, II. 249c 
Turpethin, III. 326d 
Turquoise, I. 264«! 

— , Alizarin, I. 2326 
Tussah silk. Hi 18d ; IV. 123d 
" Tufocaine,” I, 369a 
Tvichosanic acid, IV. 258a 
Twice-coupling components, 

VI. 195d! 

Twitchell reagent, ester prepn. 
with, II. 3726 

— reagents, reaction rates, VI. 

223a 

” TylUthin,” I. 4536 
“ Tylmarin,” antiseptic, IV. 29a 
Tylose, II. 4806 
Typha-glucoside, VI. 97b 
Tyramine, I. 147d ; IV. 3226 
Tyrosinase, IV. 3156 
Tyrosine, I. 3176 
— , 3;5-di-iodo-, I. 317b 

— in celery, II. 441b 


/-Tyrosine, N-methyl-, V. 517a 
Tyrosine, oxidation, II. 278b 
Tysonite, I. 655d 


U 

Ulex europceus, U. spp., VI. 
125a 

Ulexine (see also Cytisine), VI. 
1256 

Ulexite, borax manufacture 
from, II, 40d, 496 
— , occmrence, II. 30c, 356 
40a, d, 53b 
UUmannite, I. 439d 
Ulmus spp., oil from, IV. 278c 
Ultrabasite, V, 520a 
Ultra-centrifuge, III. 290a, 
604b 

Ultra-filters, II. 468d ; III. 

282{i 

Ultramarine, I. 291c, 583c 
— , Cobalt, II. 25a ; III. 218c 
— , Gahn’s, II. 25a 
Ultra-microscope, III. 280a 
Ultraquinine, III. lOOd 
Ultra-sonic waves, effect on 
dispersions. III. 2926 
Ultra-violet light, disinfection, 
IV. 21d, foot-note 
Umbelliferone, V, 414c ; VI. 
96b 

Umbellulic acid. III. 230c 
Umbilicaria pustulata, VI. 160c 
Uncineol, IV. 393a 
Undecoic acids, VI, 204a 
Undecylenic acid in cognac 
oil, II. 422a 

n-Undecylic acid, VI. 204a 
Univers^ buffer mixture, II. 
. 123a 

— indicator, VI. 428d 
Unki, V, 428c 
Uracil, IV. 382c 

— , amino-, I. 6206 
— , 5-hydroxy-, I. 630d 
“ Uradal,” I. 141o 
Uralorthite, II. 5126 
Uramil, I. 628c 
Uramino-acids, I. 3206 
Uranine, V. 272d 
Uranin, phosphor, II. 224b 
Uraninite, II. 100a ; VI. 154d 
Uranium, detn., assay, I. 630c 
— , — , electrodeposition, II. 

702c 

— , — , gravimetric, II. OOOd 
— , — , potentiometric, II. 708c 
— , — , volumetric, II. 668b 
“ Uranium micas,” I. 558a 
Uranium, qualitative re- 
actions, II. 555d, 550d, 675d 

— vanadate in carnotite, II. 

392d 

Uranous salts, qualitative re- 
actions, II, 675d 
Uranyl salts, qualitative re- 
actions, II. 570a 
Urari, III. 459b 
Urbain charcoal, II. 317a 
Urea fertiliser, V. 60a 
— , reaction with bromal, II. 
1006 

Urease, IV. Slid, 315a 
— , antidote to phosgene, II. 
322a 

Urechitin, II. 387d ; VI. 976 
Urechitoxin, II, 387d; VI, 076 
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Vitamin A in bran, cacao 
butter and maize, II. 626, 
186a, 4826 

of cod-liver oU, III. 2486 

, relation to carotenoids, 

II. 4026 

, replacement by carotene, 

II. 394d 

— 7i, B,, B«, in yeast, II. 98c, 

103a! 

— IS in bran, chocolate and 

rice, II. 626 ; III. 88a ; II. 
4986 

— B^, I. 371c, 5836 ; VI. 138a! 

— 7?2, II. 2876 ; VI. 91a 

in bran and maize, II. 

626, 4826 

, ribose in, II. 2876 

— B., VI. 139a 

— - C, I. 501c 

in cabbage and paprika, 

II. 1836, 274d; 

— D in cacao shell fat, II. lS6d 

of cod-liver oil. III. 2496 

— D, , II. 202c 

— Do, II. 201c, 202c; III. 

2496 

— Dj, II. 203a ; III. 249c 

— E activity of cod-liver oil, 

alleged. III. 250a 

in maize and wheat germ, 

II. 4286, 50.5c 
Vitamins Bi-B^, I. 5836 

— in butter, carrots and cereals, 

II. 1616, 1680, 404a, 480d 

hydrogenated fats, VI. 

186d 

wheat and yeast, II. 505c, 

103d 

Vitellin, y. membrane, IV. 
255d, 6 

— in maize, II. 481d! 

Vitexin, VI. 95c 

Vitis spp., VI. 92c, 127d, 130c 
Vitrain, V. 350d 
Vitrinite, V. 3516 
Vitriol, blue, II. 256 ; III. 3576 
— , brown oil of, II. llOa 
— , Cyprian, sec Vitriol, blue. 

— , white, VI. 1256 
— , zinc, SCO Vitriol, white. 
Vitrum antimonii, I. 4476 
Vivianite, II. 256 ; IV. 335c 
Voelckerite, I. 449d 
“ Vol,” I. 580d 
Volatility, relative, IV. 34c 
Volemitol, II. 296d 
Volgerite, I. 439fZ 
Vonges dynamite, IV. 240d 
Vorobyevite, I. 084c 
“ Voxsan ” disinfectant, IV. 20d 
Vulcanisation accelerators, I. 

126, 29c ; II. 157a 
— , cold, carbon disulpliide in, 
II. 3436 

— , — , — tetracliloride in, II. 
3566 

— , xanthates in, II. 343(Z 
Vulgarobufotoxin, II. 3886 
“ Vulpinite,” I. 372c 
Vuzin, III. 1606, 1086 


W 

Wad, II. 266, 3146 ; III. 2146 
Wagner-Meerwein rearrange- 
ment, II. 238f? 

Wagner’s reagent, I. 235c 
Walnut oil, IV. 806 
Vol. VI.— 39 


Walsrode powder, IV. 530a 
Warp dyeing, IV. 130c 
Washers, see Absorption. 
Wasite, II. 5126 
Waste-heat boilers, V. 4416, 
471a, 494d 

Water, detn. in grain, dielectric 
method, II. 710a 
— , — with calcium carbide (sec 
also Water vapour, detn.), 
II. 82c 

— , “ free,” VI. 290a 

— gas (see Carburetted water 

gas ; Coke manufacture ; 
Fuel I . Gas, coal ; Gas, 
water).’ 

reaction, catalysed, VI. 

379d 

— hemlock, cicutoxin in. III. 

1206 

— in butter, II. 159c 

— molecule, catalj^sis by, VI. 

253c 

Waterproof fabrics, heavy, V. 
195d 

Waterproofing, casein in, II. 
414d 

— with cellulose nitrate, drying 
■ oils, rubber and r. latex, 

V. 194a 

synthetic resins and 

waxes, V. 195a, 196a 
Water puriQcation (see also 
Disinfectants), I. 2016 ; II. 
320a 

— -repellant fabrics, V. 190d 

— with soft handle, V. 

197c 

Waters, chalybeate, bacterial 
oxidation, II. 26a. 

Water sterilisation, chlorine 
treatment. III. 39c 

— vapour, detn. (see also Water 

detn.), 11. 08.5c 
Wattle bark, I. 11c 
Wavellite, I. 204d 
“ Wax, China,” VI. 496c 
Wax, Chinese, VI. 4966 
— , — insect, VI. 4966 
— , cotton, V. 141d! 

— , East Indian (Bees), V. 5306 
— , fig, V. 171a ; VI. 1236 
— , flax, V. 202c 
— , Getah, or Gondang or Java, 
V. 171a ; VI.' 1236 
— , insect, VI. 4966 

— Kondang, or Sumatra, V. 

171a ; VI. 1236 

— , vegetable, analysis, II. 
2026 

Weather-Ometer, I. 107d 
Webnerite, I. 370(/ 
Websterite, I. 289n 
Wedekind's reaction. III. 23c 
Weighing in analysis, II. 
542c 

Weighting fabrics, JV. 144a ; 

V. 187a 

Weissensteiner persulphate 
cell, VI. 3426 
Weissgiltigerz, IV. 590d! 
Welding, atomic hydrogen, 

VI. 3346 

Weldon mud. III. 41a 

— process. III. 4 la 
Welsbach mixture, V. 482d 
’Wenk den. V. 72c 

Werner co-ordination com- 
pounds, III. 327c 
Weston cell, II. 194c 
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“ Westron,” see Ethane, tetra- 
chloro-, 

“ Westrosol," I. 99c ; II. 428d 
Wet-on-wet painting, IV. 806, 
90c - 

Wetter astralit, IV. 5546 
Wetting agents, II. 1796, 391a ; 
IV. 286a 

, sulphonated fatty al- 
cohols, VI. 183c 

, theory, VI. .508c, 509a 

, triethanolamine, I. 307a ; 

IV. 3506 

, Turkey Bed oil, II. 421d 

— - out agents, see Wetting 

agents. 

Weyl's extractor, IV. 577c 

— test for creatinine. III. 417d 
Whale oil, "V. 2296 

for paints, IV. 856 

, hardened, II. 420d 

Wheat, II. 504a 
— , Durum, II. 76c 

— flom?, baking value, II. 504c, 

505d 

— germ, effect on flour, II. 605c 
oil, II. 505d 

, vitamins in, II. 605c 

— straw, II. 5006 ; IV. 595a 
Wheel-ore, II. 53d 
Whetstones, I. 4c ; VI. 2796 
Whin, VI. 125a 
Whinstbne, III. 5716 
White, alumina, I. 200d 

— , American Paris, I. 304c 
— , Antimony, I. 439d, 449c 

— argol, I. 401d 

— arsenic, I. 468c, 473a 

— , barytic (see also Baryte ; 
Blanc fixe ; White, Per- 
manent), I. 651d 

— boil in degumming silk, II. 

186 

— dittanv, III. 0026 
— , flake, I. OOOd 

— mundic, I. 409a 

— ore, II. 51 9d 
— , Paris, II. 51Sc 

— , Pearl, I. OOOd ; II. 3a 
— , Permanent, 1. 642a, 6.51c, 
651d 

Whiting electrolytic cell. III. 
50a 

Whitneyite, IV. 556 
Whortleberry, I. 688c ; III. 
4146 

Widia, III. 2176, c 
Wiesenerz, II. 20a 
Wildermann electrolytic cell, 
III. 50c 

“ Wild ginger,” 1. 498d 
Wiley’s extractor, IV. 5776 
WUlemite, V. 413a 
Willesden fabrics, W. pai^crs, 

V. 191c ; III. 355a 

“ Wilmil," I. 2516, 2536, 277c 
Winch machines in dyeing, IV. 
1306 

Wine, III. 558d 
— , citric acid in. III. 1906 
Wines in brandy production, 
II. 04a 

— , purification with ivoi-y 
black, II. Slid 
Wintergreen oil, I. 0926 
Wintering oils, "V. 232d 
Winter oils, IV. 253a 
Winter’s grass, citronella oil 
from. III. 191a 
Wismut, I. 6946 
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Yellow, Patent, II. 'list 
— , Philadelphia, I. 133& 
“Yellow prussiate of potash,” 

III. 4:65c,' 474d! 

Yellow, Pyrazolanthrone, I. 
415c 

Yellows, Acid, I. 120a 
— , Hansa, IV. 235a 
Yellow, Soledou, G, I. 4296 ■ 
— sulphide of arsenic, I. 4796 
• — ■, Turmeric, III. 461c 
— , Turner’s, II. 4186 
“ Yellow, Ultramarme,” I. 

642c ; III. llld 
YeUow, Vitolin, I. 1336 
— , Zinc, III. QQd; 113c 
Yenite, VI. 4156 
Ylang-ylang oil, II. 2616 
Yoder’s extractor, IV. 585cZ 
Yolk in raw wool, II. 126 
Yonckite anti-grisou, IV. 556a 
“ Yonckite 10 his ” and “ 13,” 

IV. 464d; 

Ytterbite, II. 5116 ; IV. 321c 
Ytteroilmenite, II. 512c 
Yttrialite, II. 5126 
Yttrotantalite, II. 512c; IV. 
321c 


Z 

Zaffler (Zaffre), III. 219c 
Zapote bianco, II. 418a 
Zeaxanthin, II. 398d ; III. 
184d 

— in red pepper, II. 2726 
Zeia, II. 481d 

Zeisel methoxyl group detn., 
II. 624d 

, naicro-, II. 633d 

“ Zetan A," V. 197c 
Zenker formol solution, IV. 
255c 

Zeolites, I. 264d, 291c ; II. 
2296 

— in base-exchange reactions, 

VI. 2186, 219a 
Zeotropic mixtures, IV. 516 


Zerewitinoff’s detn. of active 
hydrogen, II. 624c 

— hydroxyl detn., II. 624c 
Zibda, II. 16Sc 
Zibetone, III. 1946 
Ziegelerz, III. 459a 
Zierin, VI. 986 

Zinc acetate in respirators, 
III. 20c 

, reaction with bornyl 

chloride, II. 2546 

— alkyls, reaction with carbon 

dioxide, II. 363c 
Zincammines in resph-ators, 
III. 20c 

Zinc as trace element, I. 510d 
Zincates in respirators. III. 
20c 

Zinc blende, II. 19a 
Zinc-cadmium alloys, electro- 
deposition of, IV. 270c 

— carbide, II. 2Slc 

— - carbonate, catalyst for 

methanol prepn., II. 3506 

— for glassmaking. V. 558c, 

5616 

— - -cerium alloy, II. 507d 
• — ■ chloride disinfectant, IS’'. 24a 
, electrolysis. III. old 

— chromate. III. 96d 

— chromite, catalyst for 

methanol prepn., II. 3506, 
425c 

chromium alloy. III. 103(? 

— cyanide. III. 487c 
— , detn., assay, I. 531o 

— , — , electrodeposition, II. 

702d 

— , — , gravimetric, II. 589c 
— , — , hydrogenation method, 
VI. 361d 

— , — in food, II. 292d ; V. 292cZ 
— , — , micro-method, II. 633c 
— , — , potentiometric method, 
II. 708d 

— , — , spectroscopic, II. 692a 
— , — , volumetric, II. 66Sd 
— , drop reaction, II. 581c 
— , electrodeposition, IV. 267d 
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Zinc ethyl, reaction with acety- 
lene, II. 281c 

— ferrocyanide. III. 4756 

— in rice, II. 496c 

Zincite, relation to hromellite 
II. 106c 

Zinc methoxide, catalyst in 
acetic acid prepn., II. 350cZ 

— oxide pigment, II. 4446, 473a 

— phosphate, hvdrated. VI. 

265fZ 

— , quahtative reactions. II. 
553c, 567c ; VI. 2996 

— , , rare metals present, 

n. 555d, 556d 

— -spar, II. 2016 

spinel, I. 264c ; V. 413a 

— uranyl acetate, reagent, II. 

584a 

Zingerone, V. 534c 
Zingpjerene, V. 535£Z 
Zingiber officuiale, Z. sjjp,, V. 

5336, 535(Z 
Zircon, VI. 288d 
Zirconium, II. 511c 

— carbide, II. 281a 

— , detn., gravimetric, II. 597c 
— , — , volumetric, II. 6696 
— , drop reaction, II. 581c 

— oxide, II. 67c 

— , qualitative reactions, II. 

554a, 5566, d. Slid 
Zirkite, I. 585c 
Zonalite, II. 227c 
Zoomaric acid. III. 2476 
“ Zotos," I. lOd 

Zulkowski’s extractor, IV. 
5776 

Zwitterion, constitution, I, 
3236 

Zwitterions, III. 287a 
“ Zyklon B,” V. 394c 
Zymase in dough, II. 766 

yeast juice, V. 13c 

Zyrriin, V. 15a, 206 
— , inactivation by washing, V. 
ISd 

Zymobexase, V. 255 ; VI. IQd 
Zymosterol, IV. 325c 
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